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NOTICE 

Medicine is an ever-changing science. As new research and 
clinical experience broaden our knowledge, changes in 
treatment and drug therapy are required. The editors and the 
publisher of this work have checked with sources believed to 
be reliable in their efTorts to provide information that is 
complete and generally in accord with the standards accepted 
at the time of publication. However, in view of the possibility 
of human error or changes in medical sciences, neither the 
editors nor the publisher nor any other party who has been 
involved in the preparation or publication of this work 
warrants that the information contained herein is in every 
respect accurate or complete, and they disclaim all 
responsibility for any errors or omissions or for the results 
obtained from use of the information contained in this work. 
Readers are encouraged to confirm the information contained 
herein with other sources. For example and in particular, 
readers are advised to check the product information sheet 
included in the package of each drug they plan to administer 
to be certain that the information contained in this work 
is accurate and that changes have not been made in the 
recommended dose or in the contraindications for 
administration. This recommendation is of particular 
importance in connection with new or infrequently used drugs. 
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Preface 

Just over ten years ago, McGraw-Hill approached Dr. Arsen Pankovi.ch and 
asked him to prepare a pocket-sized Handbook of Fractures, which would be 
a portable reference on fracture management written for the practicing ortho­
pedic surgeon. In 1995, the first edition of the Handbook was published. The 
contributing authors, with few exceptions, had obtained their trauma man­
agement experience at the Cook County Hospital in Chicago or through their 
affiliation with the Washington University School of Medicine in St. Louis, 
Missouri. A second edition of the Handbook was published in 2000. Dr. Clay­
ton R. Perry served as the senior editor for the first two editions. 

Although the purpose of the third edition remains the same as that of the 
first two editions-to bring together the basic information that the reader must 
have to classify, diagnose, and manage specific fractures--the text and illus­
trations have been extensively revised and the trim size of the book has been 
increased to accommodate additional chapters. Since the first edition was pub­
lished, chapters on radiologic evaluation and on injuries related to athletic 
competition have been added. The single chapter "Injuries about the Knee" 
has been divided into four chapters dealing with fractures of the distal femur, 
fractures of the patella, fractures of the proximal tibia, and dislocations of the 
knee. A new chapter on injuries of the tibial pilon has been separated from 
the chapter on lower-energy fractures of the ankle. 

The organization of the book remains straightforward. The book begins 
with general chapters, four of which have been extensively rewritten, dealing 
with evaluation and initial management of patients with multiple injuries, 
methods of fixation, nonoperative techniques, anesthetic techniques, radio­
logic evaluation, and fracture healing and bone grafting. The subsequent chap­
ters are organized according to the injured anatomy, starting with the shoul­
der and proceeding distally to the foot. Each chapter contains introductory 
anatomic information, fracture classification, diagnostic and radiologic con­
siderations, and recommendations for management based on current practice 
and the author's experience. The Orthopaedic Trauma Association (OTA) 
fracture classification method has been nearly universally adopted. The high­
lighting with bold type for key words in the text continues to help the reader to 
identify quickly material for which he or she is searching. 

Since the publication of the second edition, the number of contributing 
authors has increased by twenty. This increase provides not only additional ma­
terial but also fresh perspectives on current fracture management. The editors 
gratefully acknowledge the efforts and expertise of all of the contributing 
authors. We are also deeply appreciative of the support given to us by our pub­
lisher, McGraw-Hill, and their senior editor, Hilarie Surrena The reader will find 
that many new illustrations have been added to this edition. The format of the 
illustrations has been standardized, and the selected readings have been exten­
sively updated. As with the previous editions, our goal is to provide a pertinent, 
practical, portable reference for all persons involved in fracture management. 
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1 Evaluation and Management 
of the Multiply Injured Patient 
Walter W. Vrr~ John A Elstrom 

Although most orthopedic fracture care involves patients with isolated in­
juries, orthopedists must be familiar with the evaluation and management of 
patients with multisystem or multiextremity trauma. This requires an assess­
ment and understanding of the patient's overall condition, an examination for 
additional injuries, and an understanding of the factors directing the prioriti­
zation and management of these injuries. 

The care of patients with multiple extremity injuries requires the establish­
ment of priorities and the answer to the following questions: (1) Which injuries 
require surgery? (2) If surgery is required, when, by what methods, and in what 
order should it be done? and (3) How much surgery can the patient tolerate? 

Immediate emergency surgery with an unfamiliar team in the middle of 
the night can risk more, accomplish less, and take more time than would be 
the case in a better-controlled situation. The treatment of orthopedic injuries 
must take its proper place in the treatment algorithm behind potentially life­
threatening injuries. 

Patients with multiple-system injuries (extremity plus head, neck, thorax, 
abdomen, pelvis, and/or spine) require the same considerations as those with 
injuries isolated to a single extremity, restrained by the knowledge that treatment 
of these other injuries will most likely have priority, that the metabolic state of 
the patient will be more severely compromised, and that ideal fracture treat­
ment may be of a lesser priority than the treatment of immediate life-threatening 
injuries. Alternative initial treatment methods and the delay of definitive treat­
ment until homeostasis has been restored is often prudent for all involved. 

The crucial issues in assessing systemic injuries include (1) head or cervi­
cal spine injury (increased intracranial pressure, major neurologic deficit), 
(2) shock (hypovolemia, ongoing blood loss, hypothermia, coagulopathy, aci­
dosis), (3) thoracic injury (aortic tear, pneumothorax, pulmonary contusion, 
decreased cardiac output, hypoxia), and (4) abdominal injury (hypovolemia, 
ruptured or perforated viscus). 

The care of the multiply injured patient requires an emergency room staff, 
intensive care unit, and trauma surgeon familiar with the resuscitation and 
pathophysiology of these severe injuries. Modern trauma systems provide 
triage and expeditious transportation to these hospitals; this has dramatically 
improved the condition of the patient on reaching the emergency department. 

CARE OF THE MULTIPLY INJURED PATIENT 

Victims of severe trauma are evaluated with a protocol developed to prioritize 
treatment and avoid oversights in the assessment. This evaluation is divided 
into primary, secondary, and tertiary surveys of the patient. The primary sur­
vey begins as soon as the patient arrives in the emergency department and 
follows the acronym ABCDE. 

The presence of a functioning airway must be assured. If any concern ex­
ists on admission, the patient may be intubated to prevent loss of the airway 

1 
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at a critical time. Indications for intubation include decreased mental status, 
severe pulmonary injury, facial fractures, and laryngeal injury. 

After establishment of the airway, it must be confinned that the patient is 
breathing independently. If there is any question concerning the patient's 
ability to maintain this, intubation with ventilator-assisted respiration should 
be instituted. 

Circulation is the last of the ABCs and is quickly assessed by palpation of 
peripheral pulses. Blood pressure is also assessed during this portion of the 
evaluation and gives an indication of whether the patient is in shock. Hypo­
tension in a trauma patient indicates that the patient's circulatory system has 
lost the ability to maintain a normal intravascular pressure. This can occur in 
the presence of a severe neurologic injury, where the loss of sympathetic con­
trol of vasoconstriction in the peripheral vascular system leads to a relative in­
travascular hypovolemia (neurogenic shock). Hypotension can also result 
from a cardiac injury or myocardial infarction (cardiogenic shock). Most 
common in the trauma patient, however, is hypovolemic shock secondary to 
hemorrhage. While hemorrhage can be external and visible, severe hemor­
rhage leading to shock is usually internal and not readily apparent on inspec­
tion of the patient 

In patients without severe medical comorbidities, a significant amount of he­
morrhage must occur before the compensatory mechanisms of the circulatory 
system are overwhelmed and hypotension results. 1bis is why shock. is such a 
poor prognostic finding in the trauma patient. The search for the source of 
hemorrhage goes on concurrently with fluid resuscitation during the primary 
survey and continues into the secondary survey. Balanced saline solutions such 
as Ringer's lactate are given in liter boluses during the primary survey and then 
adjosted based on the patient's response as measured by beart rate, blood pres­
sure, and urine output If hemorrhage is present and the patient's hematocritJhe­
moglobin decreases significantly or ongoing hemorrhage is anticipated, cross­
matched or even type-specific packed RBC transfusions are needed. 

After the ABCs, disability and exposure are evaluated. Disability refers 
to the initial evaluation of the neurologic system, including level of con­
sciousness and gross extremity neurologic exam. Exposure refers to the com­
plete visual inspection of the patient, requiring the complete removal of all 
clothing in order to inspect for signs of injury of the extremities, torso, and 
perineum. This is an important requirement, and is the responsibility of the 
physician who undertakes the patient's care. 

After completion of the primary survey, the secondary survey is initiated. 
This includes obtaining the "trawna series" radiographs: lateral cervical spine, 
AP chest, and AP pelvis. If the cervical spine radiograph does not adequately 
visualize the C?ffl junction, a swimmer's view or cr scan is necessary to 
clear the cervical spine radiographically. Additional studies for determining 
the extent of abdominal injuries are performed as necessary, including ultra­
sound, diagnostic peritoneal lavage (DPL), or abdominal CT scan. Assess­
ment for urgent injuries such as pneumothorax/hemothorax (diminished 
breath sounds), tension pneumothorax (hypotensio~ tracheal deviation, and 
decreased breath sounds), cardiac tamponade (hypotension and diminished 
heart sounds), and rectal and urethral injuries (blood visible on rectal exam 
or at urethral meatus) must be performed. The initial musculoskeletal exam of 
the spine and extremities is performed at this time and radiographs are ob­
tained of areas that demonstrate substantial tenderness, swelling, deformity, 
or crepitus. 
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A terti.aiy survey is pedormed in the days following admission of the mul­
tiply injured patient. This ideally occurs after the patient's mental status has 
returned to normal. In the tertiary survey, the orthopedist should repalpate 
every bone. This is an occasion to detect fractures in small bones such as 
those of the hand, foot, and clavicle and ligamentous injuries to the knee and 
ankle. 

Evaluation and Care of the Patient with Regan! to Orthopedic Injuries 

The history-taking portion of the assessment depends on the condition of the 
patient but should include the mechanism of injury. A history of a fall should 
prompt questions about the cause of the fall, the distance of the fall, and the 
position in which the patient landed. Additional questions should elicit com­
plaints of back or foot pain due to the frequent association of spinal and cal­
caneal fractures in patients who have experienced severe axial loads. 

For patients involved in a motor vehicle accident (MV A), the patient's loca­
tion in the car, direction and speed of impact, and use of seat belts and the 
deployment of airbags are important. Patients involved in head-on collisions 
can sustain high~ergy deceleration forces as well as significant direct forces 
to the knee, leading to knee or hip dislocation, fracture of the femur, and pelvic 
and acetabular fractures. The foot and wrist are also often traumatized. Side­
impact accidents can lead to similar injuries and shoulder girdle involvement. 
Determination of the severity of the accident is essential: were there fatali­
ties, was extraction from a vehicle required, was resuscitation needed, was 
the patient ejected 'l Certain occult life-threatening injuries are associated with 
a high-energy type of MV A. 

Past medical and surgical history can reveal details that will affect the treat­
ment plan or surgical approach. Diabetes, coronary artery or peripheral vascu­
lar disease, or the use of systemic steroids may increase the risks of certain 
open procedures. The existing use of anticoagulants must be addressed. Per­
tineot details of the social history inclode the use of tobacco, occupation, baod­
edness, and living situation. 

The physical examination should look for findings that may signal systemic 
compromise while also evaluating the entire injured extremity. Confusion, 
coma, agitation, pallor, tachypnea, tachycardia, and hypotension need expla­
nation and treatment and are signs for caution for those considering a major 
orthopedic procedure. 

Critical areas for assessment include the skin and soft tissue, muscle com­
partments, alignment and stability of the joints of the extremity, and the vas­
cular and neurologic status. 

The skin over and around a fracture must be thoroughly assessed. Lacera­
tions should be carefully examined to determine if they communicate with 
the fracture, indlcatiug an opeo fmcture. It should be detemrlned if foreigu ma­
terial and devitalized tissue will need to be debrided from wounds. 

The vascular examination is important to assure adequate perfusion of the 
injured extremity. Is bone or joint displacement affecting perfusion of the 
limb7 These should be rectified inunediately by closed reduction and splint­
ing. Are there signs of a compartment syndrome or vascular disruption? Are 
comparbnent pressure measurements indicated (unconscious patient, tense 
compartment), or do we just go ahead with a fasciotomy'l Ankle-brachial in­
dices (ABO are useful in determining the likelihood of a vascular injury. An 
ABI of less than 0.8 should be evaluated with an angiogram. 
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Fractures are often associated with ligamentous injuries of adjacent joints. 
Signs such as effusion and ecchymosis should be sought. While a ligamentous 
exam may be difficult in the presence of a nearby fracture, it is important to 
confinn joint stability before or after fracture stabilization. 

Neurologic testing is a critical part of the initial exam, and this is the best 
time to accurately document the neurologic status. Procedures for fracture 
treatment can be complicated by neurologic injury; therefore documentation 
of a preoperative neurologic deficit is critical to avoid the question of iatro­
genic injury. 

The neurologic exam of the lower extremity should include specific evalu­
ation of the femoral nerve (knee extension), superficial peroneal nerve (foot 
eversion), deep peroneal nerve (ankle and big toe dorsiflexion), and tibial 
nerve (ankle plantarfiexion). Upper extremity evaluation should include eval­
uation of the axillary nerve (shoulder abduction), radial nerve (elbow and wrist 
extension), ulnar nerve (thumb adduction, little finger abduction and flexion), 
median nerve (thumb opposition and flexion), posterior interosseous nerve 
(thumb, index finger extension), and anterior interosseous nerve (index DIP 
flexion). 

By the end of the physical examination, the following question should have 
been answered: Is this a multiply injured patient with substantial alterations in 
basic physiology that are life-threatening? If so, how are the objectives of treat­
ment limited? (1) Vascular impairment needs to be corrected. (2) Wonnds need 
exploration, cleaning, debridement, dressing, tetanus prophylaxis, and antibi­
otic coverage. (3) Long bone fractures need stabilization, often by a tempo­
rary external fixator, traction, or splinting. ( 4) Joint dislocations are reduced and 
intraarticular fractures splinted or stabilized by joint-spanning external fixation. 
(5) Neurologic impairment (involuntary movements, coma, and paralysis) will 
be a consideration in the timing and choice of treatment alternatives. 

The orthopedist involved in the care of the multiple trauma victim must be 
careful to prioritize the management of spine and extremity injuries based on 
the patient's other injuries and overall condition. Studies in the 1980s sug­
gested that early fixation of major long bone fractures, femoral shaft frac­
tures in particular, resulted in the improved survival of victims of multiple 
trauma. It was felt that early definitive fixation led to a decrease in systemic in­
flammatory mediators, decreased analgesic needs, and allowed earlier mobi­
lization. This resulted in a decreased incidence of adult respiratory distress 
syndrome (ARDS) and multisystem organ failure. 

Over the last 10 years, questions have arisen as to whether early definitive 
fixation of extremity fractures can actually exacerbate tenuous systemic phys­
iology. It has been suggested that patients with multisystem injury are in a ten­
uous equilibrium after their initial resuscitation and that prolonged fracture 
surgeries or instrumentation of the intramedullary canal of a long bone can de­
liver a "second hit," resulting in a dangerous downturn in the patient's over­
all status. Some theories suggest that ARDS and other systemic insults can 
be limited by delaying definitive fixation nntil the patient is stable. This has led 
to the term damage-control orthopedics, which describes a rationale whereby 
temporary fracture stabilization is obtained, usually by external fixation, and 
definitive fixation performed when the patient's overall condition improves. 
Patients with external femoral fixation can be converted to an intramedullary 
nail up to 4 weeks after external fixation placement without an increased risk 
of infection. It is important to understand that the concern about early defini­
tive internal fixation applies only to patients with systemic injuries in addi-
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tion to their orthopedic injuries. Patients without systemic injury are best 
treated by early fixation of long bone fractures. 

Damage-control orthopedics also refers to a method of staged periarticular 
fracture fixation in which open reduction and internal fixation (ORIF) is either 
delayed, allowing restitution of homeostasis and resolution of soft tissue 
swelling, or abandoned in favor of definitive ex:temal fixation combined with 
limited internal fixation. The use of a staged or less invasive protocol for peri­
articular injuries such as those around the knee or ankle has resulted in a lower 
incidence of wound-related complications. 

HEAD INJURY 

The timing of fracture fixation is also controversial when a concurrent bead 
injury is present. Neurosurgeons are often reluctant to allow early internal 
fracture fixation, in particular intramedullary nailing, in patients with closed 
head injuries. Their concern is that positioning (supine without the head ele­
vated), pain, and anesthetics could lead to transient increases in blood pres­
sure, which would lead to elevated intracranial pressure and exacerbate the 
long-term damage caused by closed head injury. Alternatively, blood loss dur­
ing surgery could result in hypotension, with a reduction in cerebral perfusion. 
Studies looking into this issue have not only been unable to demonstrate a 
deleterious effect of intramedullary nailing but have actually suggested that 
obtaining a stable fracture may lead to lower intracranial pressures, presum­
ably due to decreased pain. There is no doubt that early internal femoral (or 
pelvic) fracture fixation facilitates the mobilization of the patient with a head 
injury. Collegial communication between the neurosurgeon and orthopedic 
surgeon is essential for the optimal care of the patient. 

COMPARTMENT SYNDROME 
The diagnosis of compartment syndrome is of critical importance. Compart­
ment syndrome can occur in any muscle compartment but is most common in 
the leg, thigh, and forearm. Less common locations include the foot, but­
tock, and abdomen. The diagnosis in an alert patient is straightforward. Pain 
is due to ischemia and is out of proportion to the injury; often it is not relieved 
by narcotic pain medication. The involved compartments are tense and tender 
to palpation. Passive stretch of the involved muscles is extremely painful. 
Paresthesias are common, but a decrease in the pulse or alteration of sen­
sation or motor function is a late finding. Diagnosis in the unconscious or 
mentally altered patient is more difficult. A high index of suspicion must be 
maintained. 

In the presence of firm compartments and any of the aforementioned symp­
toms, intracompartmental pressures must be measured or surgical decom­
pression carried out. Direct measurement of intracompartmental pressures 
confirms the diagnosis. The exact pressure criterion defining compartment 
syndrome is controversial. A pressure of 40 mmHg has been used as the defin­
ing criterion. More recently, the relationship of the intracompartmental pres­
sure to the patient's blood pressure has been shown to be a more objective 
measure. By this method, compartment syndrome is felt to be present if the in­
tracompartmental pressure is within 30 mmHg of the diastolic blood pres­
sure. If elevated compartmental pressures are obtained, an urgent open fas­
ciotomy of the involved muscle compartments is indicated. Failure to 
perform fasciotomy in a timely manner can result in permanent ischemia of 
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the muscles and nerves in the involved compartment, with myonecrosis and 
severe limb dysfunction. 

OPEN FRACTURES 

An open fracture requires prompt assessment and treatment even when it occurs 
as an isolated extremity injury. Open fractures require a timely and thorough 
exploration, debridement of foreign material and necrotic tissue, and irrigation 
to minimize the chance of acute infection, gas gangrene, and osteomyelitis. 
The method of fracture management may need to be modified depending on 
the degree of contamination and fracture pattern. The historic 6-h time frame 
for the debridement of open fractures has been extended by the prompt ad­
ministration of appropriate antibiotics. The successful treatment of open frac­
tures is more likely related to the adequacy of the debridement rather than an 
arbitrary time frame in which the debridement occurs. 

Open fractures are classified by the Gustillo-Anderson classification. In 
this system, grade I fractures are low-energy fractures with a wound less than 
1 em in length. 1bis is often a wound caused by the bone tearing through the 
soft tissue from inside the extremity. Grade II fractures are slightly higher 
energy fractures, generally heralded by a wound less than 10 em that can be 
closed primarily. Grade m fractures result from high-energy trauma. Grade 
IliA fractures include segmental fractures, fractures with gross contamina­
tion, fractures with extensive periosteal stripping, and fractures with a soft 
tissue injury longer than 10 em but not requiring flap coverage. Grade IIIB 
fractures require flap coverage for closure, and grade me fractures have an 
associated arterial injury that requires repair. 

Open fractures require early irrigation and debridement prior to definitive 
fracture fixation. Most open fractures above grade I should have a second 
irrigation and debridement 24 to 72 h after initial debridement to allow 
removal of tissue that bas become necrotic in the days following the in­
jury. Debridement must include all nonarticular bone fragments that are with­
out soft tissue attachment, even if this results in a bone defect. Temporary 
use of antibiotic polymethylmethacrylate beads placed under closed skin or 
under a synthetic dressing as a ''bead pouch" can deliver high levels of an­
tibiotics locally. Patients with open fractures should also receive immediate 
parenteral antibiotic coverage using a first-generation cephalosporin in grade 
I and ll fractures and adding an aminoglycoside for grade ill fractures. Peni­
cillin is added for wounds with extensive soil contamination or for barnyard 
injuries. It is also important to make sure that the patient has an updated 
tetanus prophylaxis or receives tetanus toxoid. Antibiotic coverage and due re­
spect for open injuries is associated with reduced rates of infection. 

Fracture management for open fractures depends on the location, fracture 
pattern, aod grade of injury. In general, low-grade fractures cao be treated sim­
ilarly to closed fractures afrer adeqoate irrigation aod debridement bave been 
performed. In grade m injuries, temporary external fixation is prudent until 
wound healing is assured, at which time conversion to internal fixation is of­
ten beneficial. 

MANGLED EXTREMITY 

Treatment of the patient with a mangled extremity is another difficult sce­
nario for the orthopedist. The mangled extremity is defined by the presence of 
a high-energy open fracture of a long bone (usually the tibia) with a grade 



1 EVALUATION AND MANAGEMENT 7 

m wound that cannot be closed with local tissues and at least one additional 
confounding characteristic: vascular injury, major nerve injury with loss of 
tactile or protective sensation, and/or a second complex osseous injury in 
the limb. 

Advances in microvascular surgery, soft tissue coverage, bone grafting 
techniques, and implant metallurgy have made salvage of almost any extrem­
ity injury technically possible. However, the financial, physical, and emotional 
investment on the part of the patient can be overwhelming. The following 
questions need to be addressed: what are the prospects for ajunctioning, pain­
free limb, how much time will it take, and what will be the cost to the patient 
financially and emotionally in time lost from employment and separation from 
family? 

Limb salvage often necessitates multiple surgical procedures for soft tis­
sue problems, infection, and fracture nonunion; the patient suffers economic 
damage, pain, and stress-related issues that often :result in narcotic addiction, 
depression, and divorce. Early amputation and prosthetic rehabilitation has 
been shown to achieve a faster, more predictable recovery with reduced long­
term impairment. The prosthesis will often function better than the salvaged 
limb. The physical and psychosocial effects of the injury and amputation are, 
however, substantial in spite of advances in prosthetics. 

The difficulty for the surgeon is to determine when to attempt salvage and 
when to amputate. A variety of scoring systems have been devised (such as 
The Mangled Extremity Severity Score) based on the presence of risk factors 
such as time of ischemia and shock, neurologic injury, patient age, and wound 
characteristics (type of energy of injury and contamination). These systems 
have been shown not to be completely :reliable. 

Indications for early tibial fracture amputation include (1) grade me frac­
tures with a poor prognosis with complete tibial nerve injury and/or a severe 
foot injury and (2) an open fracture crush injury with an ischemia time of more 
than 6 h. 

In the upper extremity, complete disruption of the brachial plexus combined 
with a grade m fracture is often the indication for amputation. 

The decision whether to proceed with amputation or limb salvage must be 
made on an individual basis and undertaken with consideration for the pa­
tient's overall physical and psychosocial milieu and the injury. Older patients 
with medical or social comorbidities such as diabetes, peripheral vascular 
disease, or smoking are poor candidates for attempts at reconstruction of large 
osseous and soft tissue defects. A discussion with the patient and family of the 
options, likely course of treatment, and risks and benefits is crucial prior to 
final decision making. Unfortunately, the patient who is unable to deal with 
amputation and move ahead will be equally poorly equipped to deal with the 
trials of limb salvage. 
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2 Methods of Fixation 
Walter W. Vrr/cus Emile P. Wakim 

Fracture healing requires stability at the fracture site. Stability can be obtained 
with both operative and nonoperative methods. The advantage of most oper­
ative methods is that they eliminate the need for postoperative bracing, which 
allows earlier motion and limits stiffness and disuse osteopenia. Stability can 
be either absolute, in which case there is no motion at the fracture site, or rel­
ative, where there is a slight amount of motion at the fracture site. The fracture 
fixation employed depends on the stability desired and the nature of the injury. 
Generally, absolute stability requires rigid fixation with plates and screws, 
which generate compression across the fracture site. Compression of the frac­
ture ends increases stability. Relative stability can be achieved with multiple 
methods, including casting, external fixation, and various types of internal fix­
ation. Fractures stabilized with rigid fixation heal by primary bone healing, 
whereas fractures stabilized with relative stability methods heal by secondary 
bone healing (formation of callus). 

There are two general methods of operative fracture fixation: internal fix­
ation and external fixation. Internal fixation involves the placement of screws, 
plates, wires, or intramedullary rods through open means, across fracture 
fragments to impart stability. External fixation implies the use of percuta­
neously placed pins and wires attached to external bars or rings to stabilize the 
fracture. 

INTERNAL FIXATION 

The main benefit of internal fixation is that it provides stable fixation, allow­
ing postoperative mobilization. Healing can occur via primary or secondary 
bone healing, depending on the stability obtained at surgery. It is important 
to understand that plate fixation can be used to obtain both absolute and rela­
tive stability, depending on how it is applied. Internal fixation methods include 
plates and screws, Kirschner wires, intramedullary nails, and tension-band 
constructs. 

Implant Metalliii'ID' 

Orthopedic implants used for fracture fixation are generally made of one of 
two types of metal. Historically, stainless steel has been the most commonly 
used metal for fracture implants. It has the advantage of being relatively in­
expensive, easy to machine, and strong. It is fairly stiff compared to the mod­
ulus of elasticity of cortical bone. Titanium fracture implants are becoming 
more common. Compared to stainless steel, they are softer, less stiff, and more 
expensive. One advantage is that they have higher fatigue strength. However, 
if they become nicked or scratched during implantation, the nick serves as a 
stress riser, dramatically decreasing the strength of the implant. Titanium can 
also be more difficult to work with because it is softer, and screw heads tend 
to strip or shear off more easily. Studies have not shown any significant clini­
cal advantage of titanium versus stainless steel implants for most fracture 
scenarios. 

9 
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Screw AaatoiQY 
Screws vary based on certain specifics of their construction. The core diame­
ter of a screw is 1he diameter of the shaft of the SCJew without dle dtte8ds (Fig. 
2..1). Thia corresponds to the drill bit size used to create a pilot hole for the 
SCJew. The ou.ter diameter of a screw is the diameter acroaa the threads. This 
corresponds to the drill bit size used to create a glide hole. Screw sizes are 
Dllllled IICCOI'diDg to dleir outer diameter. The pitch of a screw is the distance 
between the tbreads. This ill the distance a screw will advance widl one full 
revolution. Conical screws have a shaUow threet1 (smaller difl'eleDce between 
the core BDd outer diameter) and finer pitch to increase the contact area within 
hard COJtical bone. Cancellous screws are deaignecl with deep threads (larger 
cliffereDce between tbe core and outer diameter) and a coarse pitch (large dis· 
tance between threads) to ma11irni~ their purchase in softer cancellous bODe. 
Screws are further differentiated by whether they are fully or partially 
threaded. HoldiDg streDgth is increased and insertioDal torque decreased when 
grooves for the screw thread& are created prior to screw insertion, a process 
caUed topping. Self-tapping acrews have cutliq flutes at dleir ends, which cut 
grooves in lhc bone at the same time dle screw is i.D.scrtlld. 

Screw AppUt.at:iou 

Screws can be used to provide compression acroas a fracture or to secure a 
plm to the involved bone.IDimflagmcntaiy compn:ssion can be aa:omplisbcd 
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FIG. 2-1 Schematic showing the differences between a cortical and a can­
cellous screw. 
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FIG. 2-2 Lag screw technique. 

with a partially 1hreaded screw or, more classically, with a fully dueaded screw 
placed through a glide hole (a hole of the same diameter as 1hc sc::ICW) (Fig. 
2-2). The best compreaaion is obtained when the screw is placed perpendicu­
lar to the fn.cture. Lag screws should not be placed less than three screw 
diameten from the nearest cortical margin so as to minirniu: the risk of frag­
mmtati.on of the neuby cortex aDd SCRW hole. Sclf-tappiDg IJ(,3WI and non­
aelf-tapping screws offer nearly the same holding power. 1be advaotage of a 
staadlml sc:RIW in a tapped hole is 1hat it Ql1 be inserted imo 'boDe with gm~tu 
ease and precision, especially when lagging obliquely through a thick c:mmx. 
Self-tapping IIC3WS cut new grooves imo 1hc bone each time 1hcy aie iDBmed; 
tbill can result in loosening of the screw if it is loosened or reinserted. Thus, 
sclf-tappi.Dg ~~Cn:Ws should be used with caution as lag screws. Self-tapping 
screws are best suited for the fixation of plates to bone because of their rela­
tively fast phK:cment. 

Plate FIDtloa 
Many different plate designs are available today. Dynamic compression plates 
(DCPs) offer a ramped hole that allows the plate to generate compression 
aaou a f:radmc without the use of a lag screw (Fig. 2-3). 

Umited-comact dyumic compression plates (LC-DCPs) have grooves on 
their UlldeJsurfacc; dlCSc limit the intcrfcnmcc with periosteal blood supply 
and allow easier contouring between the plate holes. All plates, illcluding DC 
plata, can also be used to apply compression by using additilmal devices such 
as clamps or tmsioners. LC-DC plates come in small-fragment (3.S mm) and 
large-fragment (4.S mm) sizes. Broad LCDC 4.S-mm plates have staggered 
holes desigDed to minimi~ the placement of Dll.lltiple screws in a sillgle plane. 
thus possibly causing splintmng or ClaCks in huge. thick c:ortica1 bones. 1bcsc 
plates are used for the feDIDI', tibia, and humerus. Narrow LC-DC 4.5-mm 
plates are used for smaller tibiae and humerii. The LCDC 3.S-mm plate is 
used for fn.ctures of the forearm, fibula, clavicle, and pelvis. Semitubular 
plates are thiDner, mUDded plates. They come in large-fragment (o~balf 
tubular) aDd small-fragment (cme-third tubular) varieties. The ODe-third tubu­
lar plale is less stiff and lhiDner than an LC-DC plale and is typically used in 
regions with minimal soft tissue coverage, such as the lateral malleolus of 
the ankle. Reconstruction plates arc less stiff than c:ompml8ion plale& but al­
low for greate.r contouring. These p1mes are especially useful in pelvic, distal 
humeral, and clavicular f:radmcs because they can be bent on a 1lat axis to bet­
ter conform to the osseous anatomy. Anatomy and fracture-speclfu: plates are 
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progression of 
compression 

FIG. 2-3 The ramped hole of a DC plate can apply compression across a 
transverse fracture. 

newer de&gus. Thcoretically, these plates can be applied more easily than 
pl.afes that need contouring, with enhanced fixation and little altendon in their 
biomechanics. 

Plating Metlloa 

Plates can be used in many ways to obtain the ideal fixation for a given frac­
ture. Compftllllon plaCIDg. with the screws applied eccentrically in an. oblong 
hole, can be used to compress the ends of a simple transverse fradure together. 
The plate is app1icd to the fi.nt fragment in neutral position and then to the~ 
ond fragment in compression mode. In plating transverse, diaphyseal frac­
tures, prebending of the plate approximately 1 mm will prevent a fracture gap 
from fmming on the far cortex (compressive fon:cs an: gn:atcr at the ncar 
cortex than the far cot1ex with placement of a sttaigbt plate on a straight bone). 
Neutndization platiag occurs when a plate is used to provide protection to 
lag-screw fi.udon. Although lag screws provide excellent compression across 
an oblique fracture, they are weak in reaisting torsional forces. A neutraliza­
tion plale neutralizes these torsional forces (Fig. 2-4). The lag screw can be 
placed either through the neutralization plate (prefcm:cl) or outside the plate. 
BaUnu plata are used to hold up or buttress an elevamd fracture fragment 
(Fig. 2-S). Aatig)ide platiag is used to reduce or prevent the shortening of 
oblique fractures (Fig. 2-6). 

Bridge platiog is a technique whereby a long plate is fixed to either side 
of a long segmental fractme (Fig. 2-7). 1he fracture site is minimally violamd, 
with plate fixation~ at opposite ends of the plate RmOte from the zone 
of injmy. 1his provides relative stability and preserves the relative length and 
alignment of the extremity without distmbing the biology of a comminuted 
fracture. 
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FIG. 2-4 A neutralization plate protects a lag screw against torsional failure. 

FIG. 2-5 A buttress plate holds up fractures that have been depressed or 
tend to collapse. 

FIG. 2-6 An antiglide plate prevents shortening of an oblique fracture line. 

FIG. 2-7 A bridge plate is a long plate applied to a comminuted fracture; it 
Is affixed to the bone only on either side of the area of comminution. 
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Perc:utaneou platlq wi1h less dissecti.on of soft tiasuc and peiCIItlmeoull 
screw fixation is an advanced plating technique that minimizes soft tissue 
disruption and optimizes the biology of fracture healing. 

It is important to Ulldentand tbat all these tcclmiques can be utilized with a 
variety of different plates. The IIAIDCS used above describe the plating tech­
nique, not the type of plate. 

Loddq plates are a new addition to the inventory of intemal fixation. 
The stability of the plate-screw-heme unit with theae plates ia maintailled by 
the screws tbreadiDg into the plate, as opposed to the frictional fon:e cmatecl 
by acrewa compreaaing the plale to the bone, as in atlmdard plates. Addition­
ally, the screws l.cx:kiDg into tbe plate m1ate a fixed-angle device that provides 
additional stability to the side of the fracture opposite the plate (Fig. 2-BA). 
This is because the screws do not toggle at dleir junction with the plate. The 
fixed-angle collltnlct is also much stronger in reliatillg pullout than conven­
tional pJatiD& because loclred plates require the aimultaDeoua pullout of all the 
IICI'eW& from the bone before the plate fails; with conventional plating, on 
the other hand, the screws loosen individually. Moreover, because the lock­
ing fixation relies leas on purchase in the bone, these plams can maintain good 
fixation with only unicorticat acrews. ID general, the stability of a UDicorti­
calloclmd screw approximates the stability of a bicortical standard acrew. 

Thus.locbd plating has a definite advantage over conventional pla1ing in 
treating fractures in osteoporotic bone, fractures with no inherent axial stabil­
ity, and periarticular fractuml. Most of these plates have obloq holes that al­
low a locking screw on one side of the hole or a standard screw on the other 
side. 'Ihis allows the use ofbolh l.ockiDg and atlmdard plating techniques in ob­
taining optimal reduction and fixation. In summary, the locking plates are ad­
vantageous when they are used to Cleat osteoporotic patients, periprosthetic 
fractures, periarticular fractnres, and in connection with minimally invasive 
fixation techDiques. 

The Ina iDVMi.-e ltahfllzatioa syatem (LISS) is a specific type of lock­
ing plate for percutaneous insertion (Fig 2.-SB). It is made of titanium, uses 
only unicortical screws, and has an outrigger guide for placing the screws 
through the plate. Its uses are similar to those of the standantlocking plale. 

FIG. 2-8 A. A locking plate with divergent and convergent screws that lock 
Into the plate, making 11 a modular fixed-angle plate. B. An AP radiograph 
demonstrating the use of an LISS plate on a fracture of the proximal tibia. 
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Cadage'Wirel 

Cerclage wires are used for adjunctive fixation in fracture care. The wires 
can be tensiC)l!ed to hold a plate or bODe strut against the fractured boDe. How­
ever. cerclage wires affeto minimal mtatiolllll. control of the fracture IIJid can se­
verely disrupt the vascv.lar supply to the bone in the region of the fractw:e. 
They can also loosen quickly if necrosis occurs under the wires. Therefore 
they should not be used as primary fix.ation. Their use should be limited to 
situations where acrews cannot be 1l8ed to fix a plate to lbe involved bODe, as 
in periprosthetic fractures. 

Teuloallaad 

Teusion-baDd constructs funclion by convening tension fmees at lhe near cor­
te:x (under the teusion band) into compressive forces B1 the far corte:x (Fig. 2-9). 
Tension bands provide only active compression when applied to a mobile 
joint, allowing active motion during fnmnre healing; otherwise the tension 
baDd will apply static l.lOJDPiessive fon:es (i.e., fixation of the medi.aliDIIlleo­
lus). Olecranon and pateUar fracture8 are ideal for converting distracting (ten­
siOD.) fon:es into compressive forces. A vul&i011 ~s are oftm fixed well 
with teusion-baod CODStrw:ts (i.e., medial malleoiDs, greater tuberosity of the 
humerus, aDd gR~Ala' 1rochaater of the femur). 

o,umk Compnaloa Screw 

Sliding compression screws are an excellent choice for fixation of inter­
trochallterlc femoral fractures. These implants functi011 by allowing controlled 
shortening of the fractnre due to the sliding mechanism of the lag screw 
thmugh the side plate. 'I'his $liding motion allows the fnmnre ends to settle 
until bone-~bone contact prevents further shortening and provides stability 
to the CODStruct (Fig. 2-10). The CO!drolled shorteDiDg of the fracture decreases 
the possibility tbat the lag screw will cut out of the femoral head. which is of­
ten osteoporotic. These devicea require an intact lateral cortex and postero­
medial cortical 'buttn:ss to function optimally and avoid failure. 

IDinmedullaly Naill 

Jntramednllary nailing of long bone diaphyaeal fracturea is a widely accepted 
aDd successful fmm of lmltmmt. The advaDtages of intnmedullaiy nailing 

8r~h~ {/; 

FLEXION ,p 
Trlcepsm. 

FIG. 2-9 A tension band converts tensile forces across a fracture into com­
preaslon forces. 
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FIG. 2·1 0 A dynamic compression screw allows controlled shortening at 
the fracture site. 

iDI:lucle llliDimal. soft tissue disruption. ease of iDsmiOD, preservation of fnu::. 
ture hema!oma, and dle potential for load sharing between dle injured bone 
8Dd dlemW.. Vatiablcsin~ mWingincl.udeoail stiffncsa (rigid vs. 
flexible), inlertion method (reamed va. unreamed), inle:.rtion direction (ante­
grade va. mrogmde), and locking mode (static vs. dynamic). 

Flulble ID.trameclullarf IUIIIs have historically been used in patients with 
aDaJly stable ftactllla and IDCR m:adJy in pediatdc frlK:tuml. 'l'hcsc Dails aie 

inserted through portals in die metaphysis and therefore do not disrupt growth 
plates. Usually multiple mails ue placed so u 1D provide sufficient stability. 
'fhey are fairly euy to remove because they are not statically locbd. They 
provide good bcmdiJJ& stability in JD.CR stable fl:actUie paUm1s but ue less sta­
ble agaiiUit torsional forces or in comminuted fracture8. Exampl.ea include 
Ruah rods, Endels Dails, and newer B.exible litanimn Dails. 

Rigid nails provide greater stiffness and IIU'd!anical strengdl than tl.cruDle 
oaila. The design of the rigid nail Illinois the anatomy of 1he boue it is stabi­
lizillg (i.e., providing anterior bow to the femur) to re-cream normal biome­
chanics. Nails can be inserted after nwDing the intramedulluy caual.. to in­
crease its diameter, or without reaming. 'fhe advantage of reaming is that it 
allows a Dllil of pater diiiiiiCfcr to be inserted. The slmlglh of a Dail is expo­
nentially related to its diameter. The inlerlion of larger nails and their corre­
sponding larger loddDg st'RWI baa been shown to minimiw implmt bmibge. 
Reaming may also generate an mtognftiDg effect There are dleorelical dis­
advantages to mmling. Vascular studies have shown 1hat muDing deslroys the 
endosteal blood supply, which feeds the inner cortex of the bone. Thia was 
thought to be detrimental to ~ healing IIDd potentially to inCieaSe dle 
incidence of .infec:tion due to the presence of necrotic bone. Additionally, 
mlllling leads to embolization of the mmow contents, whi.c:h may adversely 
affect pulmonary function in patients with preexisting lung injury. Current 
li1erature, however, supports the wse of reaming in the in.sertion of in­
traiiiMnllary nails into all fracturea except those with high-grade open injuries. 

Some lcmg bonea, notably the femur and humeru.s, ue IIIDCDBble to ei.dler 
pmximal-fo.distal (antegrade) or cliatal-to-pmximal (retrograde) nail inlertion. 
In both these boDes, thm: are advantagea and disadvantages to each medlod. 
'lbese ue beat demonstrated in the femur. Antegrade nailing traditicmally uses 
a atarting pojnt in the pirifcmnis fos1111. Newer nails ue being introduced that 
utilize a starting point in the greater trocbanter. This starting point is not in line 
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wi1h the intnmledullmy caoa1 of the femur aDd am lead to i!UrogeDic fracture 
of the femur or malalignment. Retrograde nailing uses a ltllrting point in the 
distal femoral articular cartiJ.a&e, just anterior to the inteulorutylar noldl. The 
advantage of recrograde nail& is tbat they are easier for the surgeon to place, es­
pecially in obese patients or in distal femoral fractula. They can also be in­
serted wilh the palient in the supine poaitim, without a fradure table, which am 
be important in patients widl multiple injuries. CommoDly accepted .i.Ddiea­
tions for retngr'8de femonllllllllag include oheae patients, patients with 
very dJJtal femoral fractures, aDd 1hose widlmuldple lu,Jurles. 

Statically locking an intramedullary nail prevents rotation and shorteDing at 
the fracture site but does not allow Bdditioual. impaction al the fndure (Fig. 
~ ll). As a result. the nail and locking screws are required to bear a higher 
load until fiacture healing. Dyuamic locking of a nail allows for Wa1 com­
pression at the fracture site with weight bearing. The nail is either left un­
locked proximal or distal to the fracture or a locking &erew is placed in the 
oblong hole on the side opposite the framJre, allowing tranalalion of the llllil 
down 1be slot in uial compression. Dynamieally locldng the nail dlrough an 
oblong hole has the advantage of controlling rotation and is prefen'ed over 
the use of no lockinJ screw. Dynami.zation is optimally ldilized in fracture pat­
terns tbat have some inherent axial stability, but nails should have at least 
one 1ockiDg screw on each side of 1be fracture when acute fractures are being 
nailed. Reconstructionllllils, also called cephalomedullaly nails, are of a spe­
cific kind in which the proximal locking IKaW is placed up the femoral nedt 
into the head for proximal femoral fractures. 

ExferDal F1xatioa 

External fixation is the percumneous placement, above and below a fracture, 
of wires or half pins 1hat are connected to bam and tubes to provide stability. 
The advantages of extmlal fixation include minimal soft tissue trauma. avoid­
ance of hardware in a con!Jmjnatcd wound, Japidity of app]ic;aticm. and mod­
ularity to adapt to many injury pattems. An extemal fiutor can be used for 
tcmpomy or long-term fixatioD; it is a good option in situatims where the ri&k 
of infection is high or the soft tissue is compromised. The disadVBDtages in­
clude the cumbersome na.tme of the fixator, complications related to the pin 

FIG. 2·11 A statically locked nail stabilizes a comminuted fracture of the 
tibial shaft. 
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sites (iDfectioD, loollelliDg), and varying degrees of stability, which can re­
ault in malunion or nonunion. Extemal fixators can vary from very aimple 
frames consisting of two pins CODnected by two bars to very complex frames 
with wires and rings that have the ability to correct deformities or lengthen 
bones. 

External fixation components vary &lightly, but the basic seta include tnms­
fiuti.on pins (S- or 6-mm pins, often with threads in the cemn1 portio11, de­
signed to be inserted much like a traction pin, protruding from both &ides of 
the boDe), half pins or SbaDz pins (proWdingfrom ODlyone side of the bone), 
bars, and clamps to attach pinll to bars or bars to ban. Pina vary in diameter 
from 2.0 to 6.0 mm. For tibial. femonl, aDd pelvic fixation, the pins shoulcl 
be at least S mm in diameter. For the humerus, forearm/wrist, and fingers, the 
pim should be at least 4. 3, aDd 2 mm, respectively.lf a pin ia too small in di­
ameter, the mn&ion acrou it can cause micromotion and eventuallooeening.lf 
the pin's diameter is too large. the bone can fracture at this sueas riser. Thin 
wires can also be used for external fixation. These are particularly useful in 
very small segments, where there is limited room for multiple pins. When 
placed under high tension. thin wires have a strength and stiffness similar to 
tbatofhalfpins. The wires used in external fixation range from l.S to 2.0 mm 
in diameter, and they are typically lll:tadled to rings. 

The ability of an external mator to provide sufficient stability for fracture 
healing depends on multiple factors. In approximate order of importance, 
these factoD include: 

• Pin diiiiiiCter (larger is adft'a') 
• Pin location close to the fracture site on eidler side of the fracture 
• Pin spread (distaDce between adjaceDt pins maximiml) 
• Pin number (an increased number of pins means less stress a1 each individ­

ual pin-bone interface; the minimum number of pins on each side of the 
fracture is two) 

• PW:ing bars as close to 1be bone without impin&Png on soft tissues 
• Placing at least one rod in the same axis as the applied load 
• Double stactm& of bars is stiffer lhan siqle-bar coDSIIucta 
• Multiple planes of fixation are stiffer dum aingle plane 

FIG. 2-12 A. AP radiograph of a ring external fixator on a tibial nonunion, 
B. unlplanar external flxator, and C. delta frame external flxator. 
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The tenn uniplanar externaljixator indicates that all pins are placed in the 
same plane. Biplanar fixators have pins in two or more planes (Fig. 2-12). The 
construction of an external fixator depends on the goals of treatment. Fixa­
tors placed for short-tenn restoration of limb length and alignment can be very 
simple. Fixators placed for definitive fixation of a fracture require additional 
pins or wires and bar attachments to increase the stability of the frame and 
limit motion at the fracture site. 
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3 Nonoperative Techniques 
John A. Elstrom 

The nonopcra.tive techniques covered in this chapter are splinlli and casts, trac-­

tion. and arthrocentesis. Fractures that are undisplaced and fractures that can 
be reduced and stabilized by external means are suitable for casting, splint­
ing, traction, or a combination of casting and traction. 

SPLINTS AND CASTS 

Splints and casts support and immobilize the injured extremity and thereby 
reduce pain, prevent further injury of tissues in proximity to a fracture, and 
maintain alignment. Splinting and casting are also used postoperatively to re­
duce swelling, maintain surroundingjoinlli in a position of function (e.g., after 
open reduction of an ankle fracture to prevent equinus deformity), and provide 
additional stabilization when fracture fixation is tenuous. Splinting and casting 
are accomplished with plaster or synthetic materials such as fiberglass. Splints 
differ from casts in that they are not circumferential and thus allow swelling of 
the extremity with less increase in pressure. Casts are circumferential and 
swelling within the cast increases pressure, potentially resulting in increased 
compartment pressures or pressure sores. Casts tend to immobilize an ex­
tremity more completely than splints. 

Fundamental Rulu of SpUnting md Cuting 

The rules for splinting and casting are essentially identical: 

1. At least one joint distal to the injury is immobilized. Immobilization of 
both joints, proximal and distal to the injury, is often beneficial if the frac­
ture is below the elbow or the knee. 

2. Prior to immobilization, deformity is corrected and fractures are reduced 
and, if possible, the extremity is placed in a position of function (e.g., the 
hand is immobilized in the clam-digger position, with the metacarpopha­
langeal joinlli in flexion and the interphalangeal joints in extension). 

3. The extremity is padded to prevent skin breakdown and neurovascular 
compression. Incisions or wounds are covered with a sterile dressing. A 
layer of stockinette is applied, followed by cast padding appropriate to the 
type of material being used. Bony prominences (e.g., the posterior aspect 
of the heel and malleoli) and areas where nerves pass over bone (e.g., the 
medial elbow and the fibular neck) are protected with extra padding, foam, 
or felt. 

4. The splint or cast material is moistened with cold or room-temperature wa­
ter to provide a prolonged setting time and decrease the heat of reaction. 
which could burn the skin as the material sets. This is especially impor­
tant if the patient is anesthetized and cannot complain of pain. Fingertip in­
dentation is avoided because it can result in pressure necrosis of the skin. 
Splints and caslli covering damaged skin or surgical wounds should not be 
allowed to get wet. 

20 
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Techniques of Cast Application 

Plaster and fiberglass have different physical properties. It has been demon­
strated that the intrinsic recoil of fiberglass results in potentially greater pres­
sures on the skin. Plaster casts are undoubtedly safer in situations where 
swelling is apt to be significant and the patient's skin is vulnerable (as in those 
with diabetes, stasis dermatitis, or peripheral vascular disease). It has been 
suggested that fiberglass casts be applied with a stretch-relax technique to 
address this potential pitfall. The polyurethane resin can be tacky, making it 
difficult to unwind the roll, and when the mesh is applied with the standard 
technique, the material may be applied around the limb under substantial ten­
sion; this could lead to increased pressure. The stretch-relax technique in­
volves pulling the fiberglass roll away from the limb to unwind the mesh. M­
ter the segment is unwound, the tension is relaxed and the mesh is laid on and 
around the limb. Only slight restretching is needed for contouring. To reduce 
pressure further, an anterior longitudinal cut can be made and the cast spread. 

Fatigue prevents the patient from holding the upper extremity in the desired 
position during cast application. If an assistant is not available, a short or long 
arm cast can be applied by using fingertip traction to the index and long fin­
gers, with countertraction over the flexed elbow. The material is rolled on 
and carefully molded to prevent the cast from slipping or the fracture from 
displacing. 

Short arm casts are applied far enough proximally and with appropriate 
three-point molding to create an oval cross section, preventing the cast from 
sliding down the forearm like a glove. To prevent foreann rotation, the cast 
is extended above the elbow. To prevent elbow flexion and extension, the 
cast is extended to the proximal arm. 

Lower extremity casts are applied with the patient sitting or supine and the 
foot supported by a bolster or an assistant. The ankle is usually positioned in 
neutral to prevent equinus contracture. The diameter of a limb changes from 
proximal to distal, as it is not cylindrical; therefore the padding should be 
torn on the side of the larger diameter (i.e., proximal part of the padding) to 
conform the padding material to the limb. The padding is overlapped 50%. 
The cast material is then applied from the metatarsal heads to the upper limit 
of the cast. 

Short leg casts extend to the tibial tubercle. Patellar tendon-bearing casts 
are molded over the patellar tendon and patella but allow knee flexion. Long 
leg casts extend to the proximal thigh. Trimming of the leg cast should allow 
toe flexion and avoid pressure against the fifth toe. To prevent the cast from 
slipping on wood and linoleum floors, a cast shoe or rubber walking heel is ap­
plied. The rubber walking heel is advantageous when a limited axis of load­
ing the lower extremity is desired (e.g., to avoid force transmission through 
fractured metatarsals). The rubber heel is placed proximal to the fracture. 

Tucks in the cast material are taken on the side of the limb with the smaller 
diameter to oooform the material to the limb. Addllionallongltndlnal splints 
(i.e., a posterior splint at the ankle and medial and lateral splints at the knee) 
provide additional strength to the casts. Molding the cast material over bony 
prominences while it is being applied increases stability. The cast i.s trimmed 
by removing excess material with scissors or a cast saw, pulling the stockinette 
over the edge of the cast, and wrapping it with additional cast material. 

A Gore-Tex cast liner is currently available to allow bathing, pool swimming, 
and hydrotherapy to a person with a fiberglass cast. Because the exposure to 
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water does not wet the liner but only the skin, rapid drying by evaporation pre­
vents skin maceration. Use of this material in casts covering damaged skin or 
surgical wounds would not be appropriate. 

TecluUquesofSpHnHng 

The technique of splinting usually involves the use of a casting material that 
hardens after it is applied. However, there are other types of splints that are 
preformed. These are often used at the site of an accident (e.g., alwninum 
wriversal arm and leg splints, ladder splints, and inflatable splints) and are sel­
dom left in place after the initial evaluation is completed. Preformed splints 
used for definitive management are the cervical collar, figure-of-eight clavicle 
splint, knee immobilizer, and ankle stirrup (air cast). A functional fracture 
brace can also be used for the definitive management of diaphyseal fractures 
of the humerus and tibia. The brace must fit adequately and the soft tissue 
damage must be minimal. 

The upper extremity is splinted while the arm is in fingertrap traction or 
held by an assistant. Plaster or synthetic material 4 to 5 in. wide and 10 to 15 
layers (sheets) thick is used. When plaster is used. the splint is conformed to 
the extremity with a gauze wrap and Ace bandage. The material is applied 
from the metacarpal heads to the proximal extent of the splint. A short arm 
splint is applied to the dorsal, volar, or lateral surface of the forearm and ex­
tends to the elbow. The sugar-tongs splint starts on the volar surface of the 
hand and forearm and wraps around the elbow, extending to the dorsal surface 
of the hand. The thwnb spica spllnt extends from the tip of the thwnb along the 
radial aspect of the forearm to just below the flexion crease of the elbow. The 
radial styloid is padded to prevent injury to the superficial branch of the ra­
dial nerve. 

The lower extremity is splinted with the patient sitting and the ankle in 
neutral. The ankle is splinted with a sugar-tongs splint. The splint extends 
down the medial aspect of the leg under the foot and then back up the lateral 
aspect of the leg. When a posterior splint is applied, it must be thicker than 
the sugar-tongs splint, and additional splints are used medially or laterally at 
the ankle to provide strength. To prevent thermal injury, cold water is used; 
excessively thick splints and heavy wrapping are avoided. 

ComplicatloDJ of SpllnHog and Casting 

Complications include pressure sores, burns, and skin irritation. 
Pressure sores occur when sensation is reduced (e.g., diabetic peripheral 

neuropathy); decreased sensation is a major concern in splinting and casting. 
To minimize the incidence of skin breakdown, bony prominences are padded, 
and the splint or cast is changed frequently. Pain underneath a splint or cast 
is a complaint to be taken seriously; it is managed by windowing of the cast 
over the involved area or by cast removal and inspection of the skin. 

Burns after the application of a splint or cast occur most commonly when 
plaster is used with warm water and the material is excessively thick or 
wrapped with a bandage that does not allow heat dissipation. To minimize the 
incidence of burns, the use of cold water and adequate padding are essential. 

Itching beneath the splint or cast can often be controlled with the use of 
mild analgesics such as aspirin and a hair dryer set on room temperature to 
blow cool air underneath the cast. Powders and ointments should not be ap­
plied to the skin under the cast in hopes of drying or lubricating the skin. 
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TRACTION 

Traction is used temporarily to splint or definitively manage fractures. Trac­
tion is applied through the skin (skin traction) or a pin inserted into a long bone 
(skeletal traction). 

Skin Ttaclion 

The advantage of skin traction is that it does not require insertion of a pin. The 
disadvantage is that it can result in skin breakdown. The danger of skin break­
down limits the length of time it can be used and the amount of weight applied 
(10 lb). Skin traction is applied through adhesive strips applied to the skin. 

Buck's traction uses a ''Buck's" boot to apply traction temporarily before 
surgery to the lower extremity with a fractured hip. It employs a prefabri­
cated soft synthetic boot held in place with Velcro straps through which 7 to 
10 lb of weight is applied. A pillow is placed beneath the knee, slightly flexing 
it. The most common error occurs when the patient slides down in bed and 
the weights rest on the floor or the boot lies against the end of the bed. A push 
box between the end of the bed and the opposite foot prevents the patient from 
sliding down in bed. 

Recent investigations indicate that a pillow placed beneath the patient's 
knee and distal thigh is just as effective by itself in reducing pain, suggesting 
that the addition of traction is not necessary. 

Skeletal Ttaclion 

Skeletal traction is used most frequently to manage acetabular and femoral 
fractures temporarily and occasionally fractures of the distal humerus and 
distal tibia. More weight can be applied for a longer period of time through 
skeletal traction than through skin traction. 

Basic rules of skeletal traction are as follows: (1) the pin should be inserted 
at 90 degrees to the long axis of the bone; (2) skeletal traction is contraindi­
cated where there is damage to the ligaments of the joint proximal to the pin 
site; (3) radiographs in traction are obtained immediately after application and 
as required for adjustments; and (4) the neurologic and vascular status of the 
extremity is examined daily. 

The technique of pin insertion is as follows: the area is shaved and scrubbed; 
local infiltration anesthesia (taking care to infiltrate the periosteum and skin on 
both sides) and parenteral sedation are used; pins are inserted from the side 
most vulnerable to neurovascular damage so that the point is accurately ap­
plied ro lhe bone (e.g., lareral ro medial in the distal femur and nlnar ro radial 
in the proximal ulna); the skin is incised with a no. 11 blade; the pin is drilled 
by hand or power through the bone; the skin on the opposite side is incised as 
it is tented by the point of the pin; and stability of the pin is evaluated by push­
ing proximally and distally on one end of the pin to see if the bone moves with 
the pin-the ''toggle test." Oblique placement of femoral traction pins for 
femoral fractures has been associated with an increased incidence of varus or 
valgus malalignment. 

Pin selection is based on the following considerations: threads prevent the 
pin from loosening and sliding in the bone; threaded pins must have a larger cal­
iber than smooth pins because the threads weaken the pin; smooth pins that are 
threaded in their midportions are especially useful; and threaded pins are not 
used when the pin will pass near a neurovascular bundle (e.g., through-and-
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FIG. 3-1 Skeletal traction using a Thomas splint and Pierson attachment. 

through oleaanon pin). for fear of wrapping the soft tissUCI around the pin and 
causing a neurovascular injury. 

Traction mainteoance consists of supporting the part distal!D the pin; twice­
daily cleaning of the pin sites with sterile saline or peroxide; sterile dn:ss­
ings, and release of skin under tension to prevent skin irritation. with result­
ing pain and local infection. 

For acetabulllr ami femond ii:actunls, 1he pill8 an: .inserted through the distal 
femur at the flare of the condyles or through the proximal tibia 2 em poste­
rior amll em inferior to the tibial tubercle. AB longitudinal traction ill applied 
through the pin, the leg is supported with slings or in a frame. The frame used 
most frequently is the Thomas frame with a Pierson attachment. The Pierson 
attarJunent is an outrigger that slides up and down the Thomas :frame to com­
pensate for 4be length of 4be femur ami allow knee fi.exion (Fig. 3-1). Depend­
ing on the size of the patient, 15 to 30 lb of longitudinal traction is appropri­
llle initially. 

The safest type of olecranon pin is a screw with an eyelet, inserted at 90 de­
gn:es to the long axia of the ulna. A through-and-through pin can be used in 
1he proximal ulnar metaphysis just distalw 4be olecranon fossa, but the ulnar 
nerve mnst be protected. When olecranon traction is used, it Dl118t be llllpple­
mented by supporting the hand and forearm with a sling or skin 1laclion.. Ini­
tially, SID lO lb of longitudinal traction is applied (Fig. 3-2). The calcaneal pin 
is inaerted 2 em diatal and 2 em posterior to the medial malleolns. The leg ill 
supported on a frame, and S 1o 10 lb of weight is applied initially. 

ARTHROCENTESIS 

ArtbrocentesiB, or aspiration. of a swollen. pai.nful joint is both therapeutic and 
diagnostic. The traumatic hemarthroses most frequently aspirated are those 

FIG. 3-2 Overhead olecranon traction with a forearm support. 
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FIG. 3-3 Aspiration of the knee. 

of the knee and elbow. The shoulder joint can be injected with l..ocal anesthetic 
to obtain anesthesia while a traumatic dislocaUon is being reduced. 

Strict adherence to aseptic technique is ea&ential: the area tbrougb which the 
joint is aspirated is shaved and scrubbed 1111d sterile gloves are used. Local 
infiltration anesthesia is recommended. Large joints are aspirated with a 
19-gauge needle. Smaller joints of the fiugeiB and toes are aspirated with a 
22-gauge needle, but its smaller diameter makes obtaiDiDg fluid difficult. The 
larger the syringe, the more negative pressure is generllled, which llmds to draw 
obstructive particles into the needle opening. A 10-mL syringe seems ideal. 

The COidralndkatlon to arthrocentesis are periarticular sepsis and un­
corrected coagulopathy. Tubes for syuovialftuid cell count, microscopic ex­
amination, and cui~ should be available in the eveut that an effusion sug­
gestive of an acme inflammatory arthritis is found. 

1'ec:lmlqua or .Artlnceatall 

The knee is aspirakd with the patient supine and the joint extended. The nee­
dle is directed posterior to the quadriceps tendon at the superior lateral pole 
of the patella. Alternatively, the knee can be aspirated with the knee flexed. 
The needle is din:c:ted toward the center of the joint. ata:rtiug just below and 
just medial or lateral to the inferior pole of the patella (Fig. 3-3). 

Aspiration of the hlp is done with the aid of fluoroscopy. The patient is 
supine and the hip is extended. A spinal needle is inserted lateral to the 

FIG. 3-4 Aspiration of the shoulder. 
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FIG. 3·5 Aspiration of the elbow. 

femoral arteJy 8Dd 2 em distal to the mguinalligammt.lt is cJiRcted toward 
the inferior aspect of the femoral head aod neck. The resistaDce of the hip cap­
sule is app1111mt as the needle entas the joint. 

Sh.Jder uplndon is performed with 1be patient Bitting and the bUD!elU8 
in ueutllll or slight e.xtaDal rotation. UDI.ess the patient is unusually large, a 
1.5-in. needle ill used. The needle is inserted lateml to the coracoid process aod 
below the acromioclavicular joint. It is dim:ted posteriorly into the i.nterv&l 
just medial to the biceps tendon and near the junction of 1be suprupinatous 
aod subscapularis tcndon (Fig. 34). 

Intraarticular lidocaine can be used to assist in obtaining analgesia during 
reduction of uncomplicated shoulder dislocatiou. In 1hiB teclmique, 20 mL 
of 1% lidocaine is injected with a 1.5-in. 20-gauge needle 2 em inferior and 
lateJal to 1bc acromion in 1bc sulcus faJ:mcd by 1bc absent h1mlt:ral. head. The 
needle is directed slightly caudad, aod care must be taken to avoid the uil.­
larynervc. 

The elbow is aspiramd with the patient sitting and the elbow in 80 degrees 
of flellion. A feme h.emat1hrosis can oftm be palpated in 1bc iDtaval between 
the lamral epicondyle, radial head, aod olecranon. The needle ill directed me­
di&lly through the center of thiliUimlgular mea (Fag. 3-5). 

The ankle is aspirated through the inte"al between the tibialis anterior 
tendon and the medial malleolus at the joint line or just proximalmd medial 
to the flare of the lateJal malleolus at the level of 1be joint line (Fig. 3~. 

FIG. 3·6 Aspiration or injection of the ankle. 
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4 Anesthetic Techniques 
Carl H. Nielsen 

Physicians without specialty training in anesthesiology may safely employ the 
technique of minimal sedation and regional anesthesia for short surgical pro­
cedures provided that a few basic rules are followed. Drugs must never be 
administered to a patient without a plan for establishment of an airway, ad­
ministration of oxygen, and immediate management of an overdose or side ef­
fect of the administered drug. The following recommendations apply only to 
healthy, nonpregnant patients without allergy to the drugs. 

MODERATE AND DEEP SEDATION 

Moderate sedation, frequently called conscious sedation, may allow the pa­
tient to tolerate unpleasant procedures by relieving anxiety, discomfort, and 
pain. Because it is not always possible to predict how a specific patient will re­
spond to sedative and analgesic medication, both moderate and deep sedation 
may result in cardiac or respiratory depression. These adverse effects must 
be rapidly recognized and appropriately managed to avoid the risk of hypoxic 
brain damage, cardiac arrest, or death. ''Practice Guidelines for Sedation and 
Analgesia by Non-Anesthesiologists" (see "Selected Readings" at the end of 
this chapter) gives an overview of this complex issue. Drug recommenda­
tions and dosages, monitoring, and recovery are beyond the scope of this 
handbook. 

MINIMAL SEDATION 

Midazolam (Versed) has a wide margin of safety, but it may cause respira­
tory depression with rapid injection and/or overdose. Dosage must be reduced 
for geriatric patients. Midazolam is administered intravenously, and 0.03 mglkg 
is used as a single dose. The dose may be repeated after 5 min if the patient 
needs additional sedation. Midazolam has no analgesic properties. Mental 
function may be impaired for hours after midazolam administration. 

ANALGESIA 

Opioids rarely provide complete analgesia for even minor procedures, but they 
add to patient comfort when used as adjuncts to sedation and/or regional anes­
thesia. All opioids are potent dose-dependent respiratory depressants. Intra­
muscular injection is to be avoided because absorption may be slow and time 
to onset variable. An intravenous bolus of 2.5 mg morphine, 25 mg meperi­
dine, or 50 m g fentanyl is used. The bolus dose may be repeated to a total of 
10 mg morphine, 100 mg meperidine, or 100m g fentanyL 

REGIONAL ANESTHESIA 

Infiltration techniques inhibit excitation of sensory nerve endings and pro­
vide sensory anesthesia. Intravenous regional anesthesia is usually classified 
as an infiltration block, although the exact mechanism of action is unclear. Pe­
ripheral nerve block involves reversible block of nerve action potentials along 
all types of nerve :fiber and is called conduction anesthesia. 
28 
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Bier Block 
Bier block. or intravenous regional anesthesia (IVR), is a suitable technique 
for operative procedmes on 1he band arul forearm. widl a duration of less than 
1 b. This technique may also be uaed for foot and lower leg anesthesia, but 
the quality of anesthesia is Mt as good forlhe lower extremity as for dle uppet 
extremity. The following diseases of the limb arc ccmtraindicationa for the 
use of IVR: infectioo, malignaD1 tumor, ad vascular iDsuOicieucy. 

A 20- or 22-gmge amnula ia placed 8Dd secured in a distal vein on the limb 
to be anestheWed. A toiiDI.iquet is placed as proximally on the limb as possible; 
for lcmger-lastiag proc:edures, two toumiquets or a double tourniquet must be 
used. The limb below the toumiquet is exsaDguiDaled by (l()l!lfftSsion with an 
clastic Bsma!ch bandage. The toumiquet is inflated to a pressure 100 mmHg 
above the systolic blood pressure. The &Ource of the pressure must be cali­
brated and must continuously maintain the desired preset pressure. A regular 
cuff, sphygm()JI!anometer, and bulb with release valve are inadequate as a 
tourniquet for IVR. Jmmediately after exsanguinatio~~o tourniquet inflation, 
and removel of 1he &march bandage, a single dose of SO mL O.SCJ> (2SO mg) 
lidocaine (Xylocainc) ia injected into the indwelling caDD.ula. Complete IVR 
of 1he leg requires about 7S mL of local. anesthetic. Use lidocaine oaly from a 
sealed single-dose vial without epinephrine. The cannula may be removed 
after the injectioD. awl satisfactory aneslhesia is obtained within 10 min. When 
two tourniquets are used, the distal one is deflated at this point. Should the 
patient comphliD about toumiquet pain befcR l.lOIIJP]etion of the opmstion, the 
distal cuff ia reinftated and about 20 s later the proximal cuff is deflated (Fig. 
4-1). At completion of the operatiOD. the tourniquet is deflated. This is not 

FIG. 4-1 Bier block. (A) The limb is exsanguinated and the tourniquets in­
flated. (B) The distal tourniquet is deflated and anesthetic injected. If there is 
tourniquet pain, the distal tourniquet is inflated (C) and the proximal tourniquet 
is deflated (D). 
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done until at least IS min has elapsed after injcc:1ion. Barly rclcaac of the 
tourniquet may bring about a systemic reaction to the lidocaine. 

NerveBloek 

The foUowing nave blocks are all perfotmed widl1 to 1.5% lidocaiJJe, 1 to 
1.5% mepivacaiDe (CIIIbocame), or O.S<Jll bupivacaiDe (Marcamc). Distal 
blocks (i.e., of fingers and toes, wrist and ankle) must never be pel'fotmed with 
local anesthetics containing epinephrine bec:auae of the risk of prolonged vaso­
spasms. When epinephrine is used to prolong peripheral nerve blocks, the 
optimal c:oJWeDttation is 1:200,000. which is equivalent to S m g cpiDephrine 
per millilimr of local aDeslhetic. When small amounts oflocal81111esthetics are 
injected, multiple-dose vial& arc appropriate. When larger amounts of local 
anesthetics are injected, the single-dose vial is used. The difference is that 
~dose vials c:ontain uo p~MCIVatives. wb.tml& multiphwlollc vial& do. 

DigitiJI N~rve Bloclt: 

Four nerves innervate each finger and toe: two are palmarlplamar and two 
are doisal.. Block of these four naves provides adequate ancslhesia for minor 
opemions. The injection may be performed at the base of 1he digit, but an in­
jecd.on about 1 em fartha' pro:xUnal is less painful. Despite aneslhesia of half 
of the two digits next to the anesthetized digit, it is the preferred method 
(Fig. 4-2). 

A 23-gauge l-in. needle is advanced from the dorsal side to the palmarl 
plantar fascia so tbat the needle tip CaD be palpated. It is retracted 2 mm, and 
3 mL of local anesthetic is injected. 'I'be needle is retracmd so that the tip is 
just below the subcutaneous tiuuc, and another 2 mL is injccmd. The~ 
dure is repeated on the o1her side of the digit 

Wrist Block 

Blocks of one, two, or all tbiee nc:rves at the wrist will provide adequate anes­
thesia of the part of the hand innervated by the blocbd nerve or nerves. 

The mcdilm aenc IWIII in the wrist between the palmaris IOIJIUS and flexor 
carpi radialis tendons. It is bloclmd approximately 2 em proximal to the prox­
imal wrist ctease. With the hand slightly dorsiflexed. a ~gauge l-in. DCCdle 
is adV&IIa:d perpendicular to the skin between these two tendons, aDd the area 
is iDfil1lated with S to 8 mL of local anesthetic (Fig. 4-3). Jf there is pares~ 

FIG. 4·2 Digital nerve block. 
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FIG. 4-3 Median nerve block at the wrist. 

sia, the DCedle is stopped and the Cldim volume is injected.lflbere is 110 pam~­
thesia, the local aoestbetic is deposited with a fanwi.se injection. This block is 
not ued in patients with carpal twmelsyndrome and is not perfOIDICd dis­
tally at the level of the carpal twmel. 

The uiDar nene is blocbd appiOJtimately 6 em prmimal to the proximal 
wrist c:reue, just to the radial side of the tendon of the ft.exor C8!pi ulnaris. The 
nerve is on the ulnar side of the ulnar mtery. A 23-gnge 1-in. needle is in­
serted perpeodicular to the skin. and 8 to 10 mL of local anesthetic is injec:ced. 
If the block is perfotmed leas than 6 em proximal to the wrist, it will not in­
clude the dorul branch of the ulnar nerve; a block of this branch mlllt be per­
funned with a subcutaDcous ring of anesthesia around the ulDar aspect of the 
wriat, starting from the flexor carpi ulnaris tendon. For this block, S mL of 
localmeslhetic is used. 

The ndlal aene is blocked with iDfiltration Ullda the lmlchioradiali.s ten­
don 8 em pnWma1 to the prollima1 wrist cmiSC. Altematively, the mdial nerve 
is blocked with a IUbcutaneous ring of mestbeaia. The ring lltaltB at the radial 
aspect of the wrist at the flexor caipi radialis md continues around the wrist 
dorsally to the styloid process of the ulna. Both methods require approxi­
matdy S to 8 mL of localmeslhetic. 

Elbow Block 

The uloar Dei"Ye is blocked 3 em proximal to its courae in the groove behind 
the medial epicondyle. A 23-gauge l-in. needle. pointed either distally or 
proximally, is advanced at a 4S-degree aogle to the course of the nerve; S to 
8 mL of localmesthetic is injec:ced IIIVIIIId the nerve. 

The median Dene lies on a line drawn on the aotelior elbow between the 
two epiamdylcs on the medial &ide of the bm:bial artery llld is easily palpated 
in thin individuals. The block is performed at this level with a 23-gauge l-in. 
needle. When pq~~allaia is CIICOUilteml, S to 8 mL localmesthetic is injected 
(Fig. 4-4). A subcutaneous infiltration is required to block the cutaneous 
1nnches to the foreann. 

To find the radial aerve, a line ill drawn from the most prominent point of 
the humm1l head to the lataal epicondyle. The DelVe crosses the humerus on~ 
third of the way up from the lateral epicondyle. It can be palpated on the bone; 
the block is performed with a 23-gauge l-in. needle llld S to 8 mL of local 
anesthetic. AltemaDvely, the radial nerve is blocbd with the latelal cutaneou 
nene of the forearm, as described next 
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FIG. ~4 Median nerve block at the elbow. 

The latenl cutaDeous aene of the foreann is a continuation of the mus­
culocutaneous nerve and perfontcs the deep fascia on the l.atmd side of the 
biceps muscle just proximal to the elbow. The lateral cutaneous nerve and 
the radial nerve em both be blocked with a 23-gauge l.S-in. needle imerted 
between the brachioradialis muscle and the biceps tendon (Fig. 4-5). The 
needle is directed prwtimally towud the anterolatmll surface of the laler&l 
epicondyle, and 3 mL of local aneathetic is injected just above the perios­
teiiiiL Bone contact is made two mare limes, and 3 mL is injec:tcd each lime 
above the periosteum. An additional S mL of local anesthetic is injected as 
the u.cedle is withdrawn. If paMstbesia is elicited. S to 8 mL of local anes­
thetic is injected and no further bone contact is necessary. A subcutaneous 
ring of S mL of local anesthetic from the biceps tendon to the brachioradi­
alill muscle will provide anesthesia of the superficial branches of the muscu­
locutaneous nerve. 

AntieBlock 

Foot opentionslasting leaa than 2 h can be done with an anlde block. The 
block provides ~ia for a toumiquet at the level of the malleoli. A com­
mon mistake is to block the ankle too distally. Injections 1 to 2 em above the 
malleoli provide a mare complete bhx:k. The block is a condw:tion block of 
the five nerves that innervare 1he foot: tbree on the dorsal side and two on the 
plantar side. The bl.ock is performed with a 23-gauge l-in. needle, and S to 

FIG. 4-5 Block of the lateral cutaneous and radial nerves at the elbow. 
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FIG. 4-6 Saphenous nerve block. 

10 mL local anesthetic is infilttated around each of the DaVes, as described 
in the following section. 

The saplleaou nene is blocked at the gream- saphenous vein 1 to 2 em 
above the medial malleolus (Fig, 4-6). 

The deep peroaea1 nene is blocked IIIOUIId and deep to 1he dmsalis pedis 
artery. Alternatively, the infiltration is pelformed between the tibialia ante­
rior md the cxlemlor hallus longus tendons; flcWon of the fiist aDd second toes 
improves visualization of the two tendons (F'tg. 4-7). 

The superlidal peroaeal nerve is blocked with subcutmeous ring infil­
tration from the anterior edge of the tibia to the anterior edge of the fibula 
(Fig. 4-8). 

The sand oene is blocked with subcutaneou fanwise infiltration between 
the Achilles tendon and fibula (Fig. 4-9). 

The tibial Del"ft is blocked with a needle advanced just latelal to the poste­
rior tibial artery towanl the postaior surflK:e of the tibia. Tbc needle is mncted 
I em alta contact with die ta'bia, and die aoeatbetic is injected (Fig. 4-10). 

Hematoma Block 

Spread of local aoesthedc to the nerve fibers supplying soft tissue aDd perios­
teum around a fmctun: is obtained with a hematoma block. This teclmiquc is 
c:ontraindicamd if there is any risk of contamination of the fracture site from 
the skin puncture. 

FIG. ~7 Deep peroneal nerve block. 
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FIG. 4-8 Superficial peroneal nerve block. 

FIG. 4-9 SUral nerve block. 

FIG. 4-10 Tibial nerve block. 
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A large-bore needle, (e.g., 19 gauge, 1.5 in.) is used for this block because 
it is important to withdraw blood from the fracture hematoma and replace it 
with local anesthetic. This method provides better anesthesia and reduces the 
risk of a high compartment pressure. After aspiration of the hematoma, 10 to 
15 mL of 1% lidocaine is injected. When there is an associated distal radioul­
nar joint injury, 5 to 8 mL of 1% lidocaine is injected into the radioulnar joint 
in addition to the hematoma block. 

SELECTED READINGS 

American Society of Anesthesiologists Task Force on Sedation and Analgesia 
by Non-Anesthesiologists. Practice guidelines for sedation and analgesia 
by non-anesthesiologists. Anesthesiology 84:459-471, 1996. 



5 Radiologic Evaluation 
Ran C. Gaba Margaret A Stull 

This chapter provides an overview of radiography and diagnostic imaging as 
it applies to the evaluation of fractures. 

IMAGING MODAIJTIES 

Imaging modalities employed in the investigation of musculoskeletal trauma 
include radiography, computed tomography (CT), magnetic resonance 
Imaging (MRI), radionucHde bone scan (scintigraphy), ultrasound, and 
fluoroscopy. Clinical information is needed to appropriately direct an evalu­
ation by diagnostic imaging. 

Radiography 

Radiographs (analog or digital), commonly referred to as x-rays, are the pri­
mary imaging modality used to evaluate musculoskeletal injuries. Radio­
graphic examination of a fracture requires at least two orthogonal views, the 
AP (anteroposterior) and lateral. Frequently, extremity radiographs include the 
proximal and distal joints in order to assess for concomitant joint injury. 
Oblique projections and joint-specific special views improve sensitivity and 
help visualize complex anatomy (Fig. 5-1). Careful image inspection is cru­
cial, as nondisplaced fractures may be seen on only a single view or with mag­
nification. Weight-bearing and stress views provide functional information 
about joint stability and ligament integrity. Radiographs of contralateral struc­
tures are often obtained for comparison in children and with injuries of the 
wrist and foot. 

Computed Tom.ognphy (CT) 

CT is generally performed to further analyze a known or suspected abnor­
mality. The excellent anatomic detail and contrast resolution of CT helps de­
fine the extent of complex fractures, identify articular involvement, and de­
lineate soft tissue injury. CT images are reviewed using soft tissue and bone 
window settings. Multiplanar two- (2D) and three-dimensional (3D) image re­
formations aid in fracture assessment (Fig. 5-2) and in preoperative planning. 
Advances such as 16-slice multidetector (M-D) CT permit isotropic image 
reconstruction (i.e., image reconstruction in any plane). Intravenous iodinated 
contrast is usually unnecessary for fracture evaluation. Contrast-enhanced 
studies are obtained in patients with suspected vascular, abdominal, or pelvic 
trauma. Metallic objects, such as orthopedic hardware and bullet fragments 
(Fig. 5-3), produce streak artifacts that can degrade image quality. 

CT is commonly necessary to detect and characterize wrist, foot, skull, 
spine, and pelvic fractures (Fig. 5-4 A to C). Occasionally, nondisplaced frac­
tures are not readily apparent on CT. MRl is more sensitive in the identifica­
tion of these radiographically occult fractures. Nuclear medicine is also em­
ployed in this regard, particularly in osteoporotic patients. 

36 
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FIG. 5-1 Scaphoid fracture. An oblique view of the wrist best displays the 
fracture through the waist of the scaphoid. 

FIG. 5-2 Distal tibial fracture in 8-year-old girl. Reformatted 2D sagittal 
(A) and 3D (B) CT Images reveal the Salter-Hams type 21nlury of the distal tibia. 
The distal metaphyseal fracture fragment is minimally displaced posteriorly 
(long a"ow) and the physis is widened anteriorly (short Btrow). 

FIG. 5-3 Open fracture secondary ID a gunshot wound to the buttock. Arti­
fact from bullet fragments embedded in the posterior column of the acetabulum 
limits visualization of the pelvic fracture (an-ow) on this axial CT Image. 
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A 

B 

c 
FIG. 5-4 A. This CT image of the foot after a crush injury shows an occult 
navicular fracture in addition to the talar fracture. Fractures of the second 
metatarsal base and middle cuneiform were also evident only on CT. Band C. 
Fractures of the pubis and sacral ala in a patient with groin pain after a fall. 
The peMc radiograph was unremarkable. 

Magnetic Raaouace lmqlq 

MRI ill the method of choice for lbe detection of radiographically occult, clin­
icaUy sigiWicant acute fractuies, such as bip fractmes in osteoporotic ptdicDta 
(Fig. 5-S). Stress fraclure8 are eaaily recognized on MRI, and bone edema ill 
immediaidy appamd. MRI proWJea excellmt n:solution of soft tillsue a1ruc­
tures and is invaluable in the detection of soft tillsue injuries, particularly in­
volving joints (Fig. 5-6). 
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FIG. 5-5 Radiographically occult hip fracture in an elderly osteoporotic man. 
Coronal T1 MR Image demonstrates a nondlsplaced Intertrochanteric femoral 
fracture and surrounding bone edema (anow). 

MRI pulse sequeuces uaed inlhe settiDg of acute musculoskde1al trauma in­
clude Tl. proton deuaity (PD) or T2 with fat auppresaion, and inversion 
recovery (IR) teclmiques. Lengthy scan acquisition time (compared to CI') 
and high cost are disadvantages of MRI. Contraindication& to MRI include 
certain metallic implmta, such as cardiac pacemaken md some cc:tebiBl 
aneurymn clips. Metal workers require screening cnbital CT before MRI. 

Radfonarllde Boae Scaa (Sdn..........,) 

Bone scans eva!Dam skeletal metaholic activity. In dle realm of musculoskcle­
tal injmy, bone 8CIIDS are most valuable in the detection of stress fractues 

c 

A 

FIG. 5-8 Extensive soft tissue injury of the knee. AP radiograph (A) shows 
proximal retraction of an avulsed fracture fragment (aiTOI!I) of the fibular head. 
Sagittal T2 (B) and coronal T1 (C) MR images reveal rupture of the anterior 
cruclate ligament (a"ow), grade 3 sprain of the lateral collateral ligament (LCL) 
(short~. and Segond fracture (tibial avulsion of the midcapsular ligament 
of LCL) (long 8!fOW). 
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and radiographically occult fractures. Although tbey are not visible on radio­
grapbic or tomographic studies, these fractures may be detected in their early 
stages using bone sciiiiiliDg (Fig. S-7). Radiographically occult fractures in os­
teoporotic patients may require 48 h to demonstram increased osseous activ­
ity. The inherent low specificity and limimd spatial resolution of bone scan­
Ding may preclude precise anatomic localization of an injury. 

Ultruoumt 

The role of ultrasound in tbc evaluation of musculoskeletal injuries is broad­
ening. While useful in the investigation of some radiographk:ally oc:cuU frac­
tures, iDclnding sternal and rib injuries, thill modality ill primarily uaed to di­
agnose soft tiasue injuries. Muscular 1nluma is well dcmonsttated. TeDdon and 
ligament tears in superficial structures are visible on ultrasound. Sonography 
is capable af identifying callus prior to its appeaillllCC on radiographs. Disad­
vantages of ultrasound include the inability to penc1mte cortical bone. opem­
tor dependt:nce, and lack of standard documentation and labeling of sono­
grapbic images. 

FIUOfOICGIIY 
Fluoroscopy, or real-time radiography, may aid in the detection of radio­
graphically unappmmt flactores by allowing tbc radiologist to evaluate os­
seous s1ructures in numerous projections under direct observation. Joint kine­
matics may also be assessed. Fluoroscopy is used to guide diagnoatic and 
Chempeutic inteiventi.onal. muscul.osk:eletal procedlln'&, such u aifhrography 
and joint injections or aspiralions (especially in tbc spine). Orthopedic sur­
geans oftm utilize fluoroscopy during operative reduction and :fixation of frac­
tures and dislocations. The ability to reduce a fracture and pass a guide pin 
across the fracture site from the end of a long bone using real-time imaging 
has made poasible the cntiie science of cl.ollcd, locked inttam.cdullary fixation 
as well as facilitating other procedures involving closed reduction and place­
ment of pin (or screw) fixation. 

A 

FIG. 5-7 Sacral stress fracture in marathon runner with left gluteal pain. Bone 
scan (A) shows abnonnal uptake in the region of the left sacroiliac joint (anvw). 
Oblique coronal fat-suppressed T2 MR Image of the sacnJm (B) displays the 
stress fracture and edema in the left sacral ala (arrow). 
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TERMINOLOGY 

Preciae tmninology m115t be used to convey an IK:CIIl'8tc description af a frac. 
ture to die treating orthopedic surgeon. 

Locatioa 

A detailed description of the analomic location of the fraclme is essential. Lcmg 
bone fEactuml may involve !he diap)QBia (sbaft), metadiap'bylis. III.ICIIpllylis, 
physls (growth plate), or epiphysis. Division af 1be long bone diaphysis into 
thinls (proxjma], middle, ami distal) assists in injury lcx:alizaliou. 1Dvol.vcmeu1 
of an articular surface must be demrmined if a fractare is located near a joint. 
In these cases, fral:tun!s ue desaibed as iDtrurticular (Fig. S-SA aad 11) or 
atraar1ic:alar. 

Eldent or Type 

Complete fractures extend across a bone and interrupt both cortices, whereas 
lllcomplete fractures display a single cortical break. Incomplete fractures in 
adults am termed &uuns. Incomplete f'raduRs hqucntly occur in children 
due to bone flexibility. Bowtq as well as tol'U8 aDd poeeattlek fractures are 
incomplete frac:tmes that are unique to the immal:ure skeletoD. Bowing refers 
to plastic bendiDg of soft, incompletely millendized bone. Torus fractures ~ 
sult in a l.ocaHzed cortical buckle caused by lcmgitudillal compreaaion af soft 
bone (Fig. S-9). Greenstick. fractures are unilalera1 cortical breab along 1be 
convex IDlll'gin af a bowed bone (Fig. S-10). 

A 'tUislon injm:ies occur at tendon aad ligament illsertioDs. A bone fragment 
is avulaed. or sbeared. from its origiDal position by fomeful pulling (Fig. 5-11). 

CIGsed (simple) fractures are injuries in whidl the overlying skin is intact. 
Open (eompOUDd) fractures commuDi.cate with the outllide envircmment 
through a skin WOIIIId. A fractured bone may extend through the skin or 811 ex­
ternal force may penetrate the skin. Designation of closed or open fractures 
is more readily detmnined on physical examiwdion. 

FIG. 5·8 Distal radial fracture. The radiograph shows a comminuted, dis­
placed, angulated fracture of the distal radius wtth lntraartlcular extension. 
Before (A) and after (B) traction has been applied. 
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FIG. 5·9 Torus fracture. This PA radiograph displays cortical buckle (ar­
row) In the distal radial metaphysis. 

FIG. 5·1 0 Greenstick fractures of 1he left radius and ulna. This AP radiograph 
demonstrates bowing deformities of the radius and ulna, with fractures along 
the convex surfaces (anow). 

FIG. 5·11 Avulsion fracture of the distal phalanx. This lateral radiograph 
shows proximal retraction of the dorsal plate fracture fragment from 1he base 
of the distal phalanx (arrow). The avulsion occurs at the insertion of 1he exten­
sor tendon and Is referred to as a baseball or mallet finger. 
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Piau 
The plane of a fracture ia best described in relation to the long axis of the bro· 
ken bone. '.l"raDnene fracturea lie perpendicular to the loag axis of a boDe, 
whereasloDgltudioal (or vertlad) fracturea arc parallel to the long axis. 
Obltque fractures form oblique angles with the cortical long axis, and IPtral 
fractUies rotate along the long axis of a bone. 

A fnl::tUie tbatiesults in the fOIIDation of .mme 1hlm two fragments is tamed 
mmmiwted. Addlticmallndure Uaes iadkatillg apnmJnutlaD llllQ' DOt be 
IDitlally appareat OD roadDe racllograpbs. Sepumtal fractures arc com­
minuted fractures in which a long bone is divided into succeaive pieces by 
CODSeCUtive transverse fractures. BUC:terly fractures result in the formation of 
a wedge-abaped f':ragmmt tbal is split from the major fracture fragments • 

.Alignment 

FTtJCtWe alignmmt refers to the poeition of adjKent major fractnre fragments 
and is described in tmms of cliJplacemad,leD&fh clilc:repuq, uplatioD, 
and rotatiOD. 

Displacement ~fels to loss of cortical continuity in cbe 1nnsverse plane. By 
convention, displacement of the distal fractnre fragment ill specified as ante­
rior, postmior, medial, or latezal. Partial conlimlity implies lhat ~ends 
maintain contact, but with offaet cortices. An accurate deacr.iption of dis­
pi1WCJDC11t is importaDt, as fl:actOiestbat maintain some continuity may be 
amenable to closed reduction in the emergency room, while fraclares 1hat have 
lost a-to-end continuity may IequUe opemtive intaveution. 

Length discrepancy describes the longitudinal continuity of osseous frag­
ments. DistndioD indicates loqitudinal scpantion of fractDM fragments. 
Appo&Won (or hafODet apposition) refers to fragment ove:rlap, whidl results 
in shoitcDing. 

Angulation indicates the angular relationship of the longitudinal axis of 
adjacem fracture fragmem aDd is typically de&cribed according to the orien­
tation of the distal fragment. Angulation may occur in the anmrior, posterior, 
medial, and latetal. diiecti.ons. A latcrall.y Clii.emcd distal fJ:actuie fragment is 
reported as having ulgus angulaDon (Fig. S-12), whereas a lllfdially oriented 

FIG. 5-12 Ankle fractures. This AP radiograph displays valgus angulation 
of the major distal fracture fragments of distal tibial and fibular fractures. 
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FIG. 5-13 A. An impacted fracture of the femoral neck that was pinned in 
srtu. The femoral neck has moved under the femoral heed In a valgus configu­
ration. B. A fracture of the femoral neck in which the femoral neck has moved 
superiorly In relation to the femoral head. This varus displacement Is unstable 
and is frequently treated with prosthetic replacement. 

distal fractme fragment bas ftl'D8 mgula1ion (Fig. 5-13A and B). The frac­
ture apex is less commonly ued to deaignate the direction of aogulation. 

Relative ro1ati.on of fracture fragments is defined by the distal fracture frag­
ment and may be ID.f:enull (medial) or utemal (lateral). 

s,eclal Fealan8 

lmpaetlon occurs when osseous bodies are forcibly driven into one anodler 
(Fig. S-14). IHprusibn is the inward diapW:ement of bone and results when 
the hard sur.ra.:e of one bone presses into a relatively softu bone (Fig. S-15). 
This usually involves articular IIUifaces aDdmsults in loss of joint c:onpueDCC. 
Compression ddotmities commonly involve vermbral bodies. 

Joint disloc«ion Iefem to totallosa of conpucDCC of opposing uticular SID'­

faces and often occurs in conjuodion widl fradwes (Fig. S-16). Subtotal loss 
of aiticular surface CODtact is tmned suhliDII.tioD. The dim:tion of a disloca­
tion or sublmwion is described in reference to the distal structure. Dfastasill 
is the wideaing of a slightly movable articulation, such as the symphysis pubis 
or sacmi.IW: joint (see Chap. 16). 

FIG. 5-14 Distal radial fracture. Impaction of the transverse extraarticular 
fracture Is seen as overlapping bony trabeculae. 
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FIG. 5-15 Fracture of the tibial plateau. Coronal T1 MR image reveals a com­
minuted, depressed fracture of the lateral tibial plateau associated with soft 
tissue injury. 

Special Prac:lunl 

sen. fractures are subdivided into l'ldlgue and iDiuJic1eacy fractures. These 
injuries result from penisteDt trauma that overwhelms the healing mechamams 
of bone. Fatigue ti.'adures result when normal bone suffers repeated micro­
trauma md most coDIIDOIIly occur iD the weight-bearing bones of the lower 
extremities (see Fig. S-7). Insufficiency fractures are a couequence of normal 
slnlsaes placed on abnormally wea1llmed ~. Metabolic clisorclall--such as 
osteoporosis, osteomalacia, and osteopetroeis--prediapoee to insufficiency 
fractures (Fig. S-17). 

Pathologic fractures occur in locations where bone bas been affected by a 
disease process (Fig. S-18), such as neoplasm or infectiOD. Detection of a padlo­
logic fmcture will affect therapy. A lytic bone lesion tbat is larger than 2 em or 
involves more than 509& of dle cortex of a weight-bearing bone is termed an 
impeadlng fnlcture. This de&ignation iDdicates a high risk of future fradure. 

FIG. 5·16 Anterior dislocation of the right shoulder. AP radiograph (A) 
demonstrates anterior dislocation of the shoulder. A small triangular bone frag­
ment is superimposed over the dislocated humeral head (atroW). Postreduction 
coronal 20 reformatted CT Image (B) confirms fracture of the Inferior glenoid 
(Bankart lesion) (anow). 
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FIG. 5-17 Insufficiency fracture in man with osteopetrosis (marble bone dis­
ease). Coronal 20 reformatted CT Image of the hlp demonstrates a nondls­
placec:t fracture through the left femoral neck. 

IDllfnc:t Sips 

Subtle f':racturea may not be readily apparent on radiographs, and indirect signs 
may provide a clue to their presem:e. Soft tlanle .nreWDa helps localize the 
aim af injury. Displacement af adjacent fat stripes and loss af soft tifl8Ue planes 
an: associated with bone tiauma. JoiDt dfusloDS accompaDy fractums with iD­
traarticular extension (Fig. S-19). lleautbnses, or bloody effusions, may 
contain fat-D.uid levels. These fat- and blood-coldaining effusi.oDS an: tenDed 
Hpohealartllmles Periosteal reaction indicates early fractnre healing (or iD 
some illstallc:es a response to a neoplastic proce83). 

Fractun HeeiJDg 

Bone healing is affected by frac~ loca1ion and type. patimt ap. associated 
abnotmalities. 8lld therapeutic intervention. 'I'he healing fractnre demonstrates 
the fonnation af caDWI, whk:h is a bridgiDg tissue composed of fibrous ma~ 

FIG. 5-18 Pathologic fracture in a patient with polyostotic fibrous dysplasia. 
A comminuted, minimally displaced, angulated fracture of the proximal humeral 
diaphysis (atTOw) has occurred through the expansile osteolytic lesion. 
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FIG. 5·19 Radiographically occuh elbow fracture. Lateral radiograph 
(A) demonstrates displacement of elbow fat pads (8/rows), which Indicates 
elbow joint effusion. No fracture is identified. Sagittal T1 MA image (B) reveals 
nondlsplaced fracture through the radial head (an-ow}. 

rial. blood vessels, cmil.age, and bone. Nmmal hcatillg results in osseous 
bridging, or 111lioD, between fracture fragmenta. Dela)'ed oueous llllioa is 
fracture healing retarded beyond the usual time frame of 2 to 41D0Dths arul is 
lllllllife&t by persistent visualization of the fracture line and lack of adequale 
callus bi:i.dgiDg the fractuie fragmmts. Ftbrous oalon may be present despite 
the lack of bony bridging. 

CompUt.atioaa 

NonUDioa occurs when bone fragments have not llllited and healing has 
ceued (Fig. 5-20). Ncmmionmay JaUlt in the roiDildion of a~. 
which represents a false "articulation. .. between the fracmre fragments. Non­
UDion may be reactive (hyputrophic), D.OIII'elldiw (ldroplli&:), or iDfected. 
Reactive nonunion is charactmized by bone fonnaDon and sclemsis at 1he frac... 
tiiR margina, while nonreactive nonUDion demonstrates a lack of bone for­
mation (ostoopenia) at the fractme site. Infected nommions can be associated 
with osteomyelitis. 

FIG. 5·20 Nonunited scaphoid fracture. Coronal 20 reformatted CT image 
reveals nonunlted fracture of 1he scaphoid bone (81fow). Sclerosis of the prox­
imal pole is compatible with avascular necrosis. 
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Malunion refers to fractures that have not healed in clinically acceptable 
alignment. 

Other fracture complications include avascular necrosis (osteonecrosis), 
secondary osteoarthritis (degenerative joint disease), myositis ossificans, 
disuse -porosis, and reflex sympathetic dystrophy (regiolllli pain syn­
drome). Avascular necrosis (osteonecrosis) is bone death secondary to vas­
cular insufficiency (Fig. 5-20). Posttraumatic osteoarthritis occurs following 
injury to the articular surface. Myositis ossificans is potentially painful post­
traumatic heterotopic bone formation within a muscle. Immobilization or pain 
may produce decreased bone density secondary to disuse, which is termed 
disuse osteoporosis. Reflex sympathetic dystrophy is a complex, often post­
traumatic regional pain process associated with loss of motion, tissue atro­
phy, and functional loss of an extremity. 
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FRACTURE HEALING BIOLOGY 

Clinical Anatomy of Fracture Healing 

Fracture healing is a complex biological process involving four distinct re­
sponses: those that take place in the bone marrow, the cortex, the periosteum, 
and the external soft tissues. 

1. Bone IDIUTOW: Within a few hours after a fracture is sustained, normal bone 
marrow architecture is lost, blood vessels in the region adjacent to the frac­
ture clot, and the cellular components of the bone marrow reorganize into 
regions of high and low cellular density. In the high-density region, en­
dothelial cells appear to transform to polymorphic cells, which express an os­
teoblastic phenotype and begin to form bone 24 h after the fracture occurs. 

2. Cortex: In terms of histology, primary healing refers to a direct attempt by 
the cortex to reestablish continuity. The bone ends at the fracture site, de­
prived of their blood supply, become necrotic and are resorbed, thus cre­
ating a radiographically apparent gap at the fracture site several weeks after 
fracture. Primary healing (healing without callus formation) occurs when 
there is anatomic restoration of the fracture fragments and rigid fixation can 
be achieved with internal fixation devices. Osteoclasts on either side of 
the fracture initiate a tunneling resorptive response and develop discrete re­
modeling units known as "cutting cones." These units reestablish new 
haversian systems, thus providing pathways for the penetration of blood 
vessels and bone formation. These processes convert the resorption cavities 
in fully formed osteons. 

3. Periosteum: The most important response in secondary fracture healing 
(healing with callus formation) is that of the periosteum. Committed os­
teoprogenitor cells and uncommitted, undifferentiated mesenchymal cells 
recapitulate embryonic intramembranous ossification and endochondral 
bone formation in this tissue. Unlike primary healing, secondary fracture 
healing is enhanced by motion and inhibited by rigid fixation. Bone formed 
by intramembranous ossification is found in the periphery of the fracture 
site, forming the so-called hard callus, which results in bone formation di­
rectly without the prior formation of cartilage. Consequently, structural 
proteins associated with bone matrix appear very early. On the other hand, 
callus that forms by endochondral ossification is found adjacent to the frac­
ture site and involves the development of a cartilage archetype that be­
comes calcified and is then replaced by bone (Fig. 6-1). 

4. Extemal soft tissues: The response of the soft tissues is mainly comple­
mentary to the secondary healing of fracture. A rapid cellular activity and 
the development of an early bridging callus immobilize the fragments and 
evolve into the process of endochondral ossification along with the periosteal 
reaction. 

49 
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Haversian canals 
Normal Bone 

A osteocytes in lacunae 

early resorption cavity 

B 

osteoblasts 

osreons 
grow 
centripetally 

FIG. 6-1 A. Normal cortical bone: Lacunae are filled with viable osteocytes 
and the osteonal pattern is preserved. 8. Primary cortical healing by haversian 
remodeling. 

Histologic '~')pea of Fndare BeaUDg 

Two types of healing proceaea take place following a fracture and are depen­
dmt on the type of boDe in wbic:h a CJ:a:tup, occuu (caacellous vs. cortK:al) and 
the type of fixalion adlieved (rigid v11. nonrigid); dma: 

l. Primary bone healing occurs in cortical and cam:ellous (metaphyseal) boDe 
(hea1iDg by prlmaiy intention), followiDg rigid tixat:i.oll. (c:ompte81ion and 
buan:ss pl.a!ing, screw fixation) or after impaction in cancellous bone. 

2. Secondary bone h.caliDg cx:cun in cortical bone, following iD1ramedullary 
fixalion (controlled dynamic motion) or casting (uocontrolled motion). 

PrimaJy Fndun lleaUDg 

Fracture healing can occur without callus formation in either caDCellous or 
cortical bone when the fragments are rigidly held in contact. Many impacted 
epiphyseal, metaphyseal, aDd vertebral fractures, due to the interlocking of 
fragments. present sufficient stability to permit primary bone healing. There 
are two types of primary bone healing: ''eoldact healing'' (or hawnian healing), 



6 FRACTlJRE HEALING AND BONE GRAFTING 51 

when the fragments are in absolute contact. and ''gap healing," when a small 
gap occurs between fragments without compromising rigid fixation. 

Rigid fixation is a prerequisite of primary healing. It means that there is no 
micromovement at the fracture site. 

Primaly Cortical HeallDg 

In the cortex of a fracture, haversian remodeling begins with the formation of 
resorption cavities that penetrate longitudinally from the viable bone through 
the necrotic fragment ends. Resorption cavities are formed by groups of os­
teoclasts that have formed a cutting cone. 'This cone advances longitudinally, 
leaving behind a reSOiption cavity. A thin-walled capillary loop that runs in the 
center of the resorption cavity follows the osteoclasts. These vessels are ac­
companied by mesenchymal cells and osteoblast precursors. Newly formed 
osteoblasts eventually line the resorption cavity and begin producing osteoid 
in a centripetal direction. Eventually the resorption cavity fills entirely with 
concentric layers of new bone, thus becoming an osteon across the fracture 
line (Fig. 6-1) and in the process bcaling the fracture. 

When small gaps (200 to 500 m m) are present at the fracture site, the bcal­
ing process is called "gap healing." During the first stage of this process, the 
fracture gap is filled with primary or woven bone without the prior interfer­
ence of a fibrocartilaginous stage. The pattern of the newly formed bone does 
not correspond with its original structure, as it lies perpendicular to its neighbor 
fragments. Furthermore, necrotic areas are present on both sides of the fracture 
as a consequence of the interruption of the vascular circulation in the haver­
sian canals. The second stage of gap healing, which finally leads to the healing 
of a fracture, is characterized by the longitudinal reconstruction of the fracture 
site by haversian remodeling through the woven bone in the gap, as described 
above. 

Primaly Cancellous HeallDg 

Primary healing is healing in the areas of the cancellous bone where the frac­
ture fragments are in direct tight apposition, without gaps, held together by 
rigid fixation or after impaction. In this type of healing, remodeling of the frac.. 
tore site begins immediately, without the primary deposition of woven bone. 
Osteoclastic cutting cones advance across the fracture line, followed by capil­
laries and osteoprogenitor cells, which become the source of osteoblasts. Os­
teoblasts lay osteoid and form bone spicules/trabeculae. This process leads to 
the simultaneous union and reconstruction of the fracture ends (Fig. 6-2). 

Seconda!y Fracture HeallDg 

There are six identifiable stages in this type of fracture repair (Fig. 6-3). 

Stage 1: Hematoma and ITiflammation 

Blood clots provide signaling molecules able to initiate the cascade of cellu­
lar events essential for fracture healing. Inflammatory cells secrete cytokines, 
such as interleukins-1 and -6 (IL-l and IL-6), which may be important in reg­
ulating the early stages of healing, while degnmulaling platelets in the clot may 
release transforming growth factor beta (TGF-b) and platelet-derived growth 
factor (PDGF), which may be important in regulating cell proliferation, dif­
ferentiation, and chemotaxis of committed mesenchymal stem cells. 
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B SOON AFTER FRACTURE 

FIG. 6-2 Primary cancellous healing: A. Subcapltal fracture with cancellous 
bone in the head and neck is fixed with two cancellous screws: no periosteum 
Is found In 1he adult. B. Healing a block of cancellous bone at the fracture site 
where it reaches the articular surface. C. A block of bone at the healed frac­
ture site. 

Stage 2: OmiltJge FtmniJiion tmd Altgiogene1u 

In a rat fradnre modcl, illtramembnmous and endochondral bone formation 
ia initiated duriDg the first 7 to 10 days after fi:'actum. By the middle of the sec­
ond week, abundant cartilage overlies the fracture lite. and it is this chon­
droid tiasue that initiates the biochemical events leading to calcification of 
the callus. At diU time, tbe callus may be divided histological.ly illto hard cal­
lus, where intramembranous OISification ia taking place, and soft callus, where 
endochondral ossi&ation is proccediDg. Neoangi.ogenesis occurs simultane­
ously with those events, and new blood vessels, originating from the perios­
teum, penetrate both hard and soft callus. 

Stllge 3: OmiltJge Calcification 

~callus calc:i1ication occurs by a mechanism similar to dlat which takes 
place during physeal growth. A large number of elongated and prolife:rati.ve 
chcmdrocytes appear 9 days a&r the fracture occurs and dominate the fractUie 
callus. ChoDdmcytes produce vesU:ularized bodies, koown as matrix vesicles, 
from their cellular membrme; these mi.grste to the ex1rlK:ellular matrix. The 
matrix vesicles CODtain the enzyme complemeDts nooded. fur proteolytic mod­
ifu:atiOD. of the matrix, a necessary step ill the preparation of the cells fur cal-
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FRACTURE HEALING RESPONSES 

Externol soli tissue-

Bone 

FIG. 6-3 Secondary healing. This type of healing occurs with callus forma­
tion. Hard callus is formed at the periphery (intramembranous ossification) and 
soft callus Is formed adjacent to the fracture site (endochondral ossHicatlon). 

cification. Malrix ves.idea also ClOI1tain phosphataaes Deeded fm 1be degradalion 
of matrix phollphodiestcrs, resulting in phosphate ion release for precipita!ion 
with calcium. Proteases hydrolyze large proteins and proteoglycans in the ex­
tracellular matrix ~ly 14 days after a fracture tabs place, thus pre> 
veating inhibition of cllk:ifica1ion. Alkaline phosphatase (ALP) levels inaease 
approximately 3 days later. 

Stage 4: Canilage Removul 

Once the cartilage is calcified. neoangiogenesis occurs. New ves&els carry 
perivasc:ular oswoprogeoitm cella and the c:alclfied c:artilage is then resorbed by 
choDdrocJasta. New wcmm boDe is theu laid down to n:plaal cak:i1ied cartilage. 

Stage 5: Bone Formation 

Fmmation of intramembranous bone by peri011tenm begins immediately after 
a fracture but stops 2 weeks later. At the same time, adjacent to the fracture 
site, the endochondral ossification process reaches the stage of woven bone 
formation. By the dlin1 week, dle fracture is united by woven bone. bridging 
the gap within the callus. 

Stage 6: Bone IWnotl.ling 

This is a chroDic process of gradually n:placiDg the wovea boDe wi1h lamel­
lar bone. With time, the healing fracture :recovers itll biQJJJtd!anieel properties, 
wbile it modulates its shape under the infl.ueJWC of en~tal mechanical 
stimuli. 

Expntdon of Exlracellular MaiiD Plotelaa dGrfDg Fndun Heallq 

During endochondral ossification, two main proteoglycans are expressed in 
the ex1racellular matrix: dmnataD sulfate, produced by fibroblasls cJurlD& early 
callus formation, and chondmitin 4-sulfate, produced by cboodroblasts daring 
the second week of fl:actue healing. ProteoglycaD degradation .is essential 
for callus M)cifica!ion, as is the presence of ALP, IL-l, and IL-6. 

Collagens (types I, n. m, V, IX. X. and XI) are essential1hrougbout the 
healing process, as are noncoll.agenons extracellular maaix proteins ( os­
teonectiD. ostcoca1cin, osteopontin, and fibroDcctin). 
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Regulation of F'Tactul1l Healing 

The transforming growth factor beta (TGF-b) superfamily of morphogenetic 
proteins has a prominent role in fracture repair (Table 6-1). Bone morpho­
genetic proreins 2 and 4 (BMP-2 and BMP-4) have been shown 1D be expressed 
during the first 4 weeks of fracblre healing. BMP-1 1D BMP-8; growth and dif­
ferentiation factors (GDFs) I. 5, 8, and 10; and TGF-b I 1D 3 act in combina­
tion to promote the various stages of intramembranous and endochondral bone 
formation during fracture healing. It is now well established that the signals 
which initiate and establish the symmetry of repair around the fracture line are 
part of the initial inflammatory process. Tumor necrosis factor alpha (TNF-a) 
signaling may facilitare the repair process by promotiog the chemotaxis and dif­
ferentiation of the mesenchymal stem cells, while bone remodeling appears to 
be regulared by IL-l, IL-6, and TNF-a. Furthermore, the final stages of endo­
chondral ossification and bone remodeling are dependent on the action of spe­
cific matrix metalloproreinases 1llat degrade cartilage and bone, allowing for the 
invasion of blood vessels. Angiogenesis is regulated mainly by the vascular en­
dothelial growth factor (VEGF), a promoter of neoangiogenesis, and an en­
dothelial cell-specific mirogen. Moreover, fibroblast growth facror (FGF) and 
platelet-derived growth factor (PDGF) are mitogenic for mesenchymal stem 
cells, chondrocyres and osreoblasts, and insulin-lilre growth facror (IGF); pro­
mote the proliferation and differentiation of osteoprogenitor cells; and medi­
ate the anabolic action of parathyroid hormone (PI'H) on the skeleton. Several 
systemic and local factors, related to the patient or attributed to the nature and 
impact of the original injury, tissue quality, and the surgical rechoique, may en­
hance or inhibit fracblre heallog. (fable 6-2). 

Failul1l of F'Tactul1l Healing 

Failure of bone healing is attributed to mechanical and biological factors as 
well as apposition of fragments and interposition of soft tissue or muscle, 
complete interruption, and subsequent retraction of the periosteum. Failure 
of bone healing may result from inadequate stability of the fragments, lead­
ing to the formation of a large volume of callus without bridging of the frac­
ture gap (hypertrophic nonunion). Second, it may be due to deficient bio­
logical substrate, resulting in the arrest of the healing process, with little or 

TABLE 6-1 Members of the TGF-b Superfamily 

BMPs 

GDFs 
TGF-b isoforms 
MIF 
Activins 
lnhibins 

BMP-l(procollagen C-proteinase), BMP-2, BMP-3 
(osteogenin), BMP-3b(GDF 10), BMP-4 (BMP-2b), BMP-5, 
BMP-6, BMP-?(OP-1), BMP-Ba(OP-2), BMP-Bb(OP-3), 
BMP-9, BMP-10, BMP-11, BMP-12(GDF-7), BMP-13 
(GDF-6, CDMP-2), BMP-15(GDF-9b) 
GDF-1, GDF-3, GDF-5(CDMP-1), GDF-8, GDF-9 
TGFb1, TGFb2, TGFb3 

BMPs = bone morphogenetic proteins; CDMP = cartilage-derived morpho­
genetic protein; GDF = growth and differentiation factors; MIF = mullerian 
inhibition factor; OP =osteogenic protein; TGF =transforming growth factors. 



TABLE 6-2 Factors Influencing Fracture Healing 

Svstemic factors Promote healing Inhibit healing 

Age Childhood 
Nutrition 
Hormones 

Diseases 
Vitamin deficiencies 
Substances 
Medication 

Local factors 

Tissue-related factors 

Injury-related factors 

Treatment-related factors 

Growth hormone (GH), PTH, calcitonin, 
androgen, estrogen 

Malnutrition 
Corticosteroids 

Diabetes, anemia 
A,C,D,K 
Nicotine, alcohol 
Nonsteroidal anti-inflammatories, anticoagulants, phenytoin 

Promote healing Inhibit healing 

Bone graft, bone morphogenetic proteins, 
electrical stimulation 

Bone necrosis (radiation, avascular necrosis), bone disease 
(osteoporosis, osteomalacia, osteogenesis imperfecta, fibrous 
dysplasia), tumors, infection 
Fracture comminution, velocity of injury, vascular and neurologic 
trauma, bone loss 
Inadequate fracture stabilization, surgical trauma, implant-related 
periosteal and vascular impairment, soft tissue interposition 
between fragments 

Ill 

~ 
:a 
Ill 

I 
5 
Ill 

§! 
Ill 
1:1 

I 
Ql 
Ql 
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no callus formation (atrophic nonunion). In some nonunions, cartilaginous 
tissue is formed over the fracture surface and the cavity between the surfaces 
fills with clear fluid, which resembles synovial joint fluid, creating the so­
called pseudoarthrosis. A variation of nonunion, fibrous nonunion, presents 
with dense fibrous tissue between the fragments and union is not restored. 

BONE GRAFTING 

CHDical Need 

Each year, more than 2.2 million bone-grafting procedures are performed 
worldwide, 450,000 of them in the United States. These grafts provide osteo­
inductive, osteoconducti.ve, and osteogenic activity to enhance the local bone­
healing response. Osteoinduction refers to the process by which pluripotent 
mesenchymal stem cells are recruited from the surrounding host tissues and 
differentiate into bone-forming osteoprogenitor cells. An osteoconductive ma­
terial is one that acts as a scaffold, supporting the ingrowth of capillaries, 
perivascular tissue, and osteoprogenitor cells from the recipient bed. Although 
current interest has focused on bone-graft substitutes to provide this prop­
erty, human cancellous bone is the best example of an osteoconducti.ve mate­
rial. Osteogenesis refers to the process of local bone formation. In terms of 
bone grafting, an osteogenic material is one that contains living cells capable 
of differentiating into bone. 

AUTOLOGOUS BONE 

Bone graft incorporation follows a similar sequence of events to those seen 
in fracture repair. 

Cancellous bone graft is mainly harvested in fragments from sites such 
as the iliac crest, distal radius, or greater trochanter. It is an excellent choice 
for the treatment of nonunion with small defects that do not require structural 
integrity from the graft. 

Cortical bone graft is usually harvested from the ribs, fibula, or shell of the 
ilium and can be transplanted with or without its vascular pedicle. It is mostly 
osteoconductive, with little or no osteoinductive property. The thickness of the 
matrix of cortical bone limits the diffusion of nutrients to support the survival 
of any useful fraction of osteocytes after transplantatio~ thereby limiting its 
osteogenic properties. 

Autologous bone marrow contains osteogenic precursor cells and has been 
used in the management of tibial fractures. 

ALLOGENEIC BONE 

This is an attractive alternative to autogenous bone, as it avoids donor-site 
morbidity; moreover, its relative abundance allows for tailoring to fit the defect 
size. It is available in many preparations, including morcellized and cancellous 
chips, corticocancellous and cortical grafts, osteochondral segments, and de­
mineralized bone matrix. 

Cortical allografts are available as whole bone segments for limb-salvage 
procedures or may be cut longitudinally tu yield struts that can be used tu fill 
bone defects or reconstitute cortical bone after periprosthetic fractures. 

ADogeneic osteochondral grafts are composed of corticallxme, metaphys­
eal cancellous bone, and articular cartilage. Ooce implanted, the graft is incor­
porated by similar processes to those observed for cortical allografts. Despite 
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this, nonunion is a common complication at the host-graft interlace. Osteo­
chondral allografts are immunogenic, increasing vulnerability to direct injury 
by cytotoxic antibodies or lymphocytes and indirect injury by inflammatory 
mediators and enzymes. 

Demineralized bone matrix (DBM) is an osteoconductive scaffold pro­
duced by acid extraction of banked allograft. It contains noncollagenous pro­
teins, osteoinductive growth factors, and type I collagen but provides little 
structural support. DBM has greater osteoinductive potential than allografts 
due to the bioavailability of these growth factors. DBM is available in various 
forms: as a freeze-dried powder, granules, gel, putty, or strip (i.e., Grafton 
DBM, Dynagraft, DBX, Osteofil, etc.). At this time, however, there are no 
data from well-designed. appropriately powered. :randomized controlled tri­
als to support the use of DBM in patients. 

BONE GRAFI' SUBSTITUTES 

An ideal bone graft substitute must provide three elements necessary to max­
imize its bone-forming ability: the scaffolding for osteoconduction, growth 
factors for osteoinduction, and progenitor cells for osteogenesis. 

Calcium Phosphate Cenmica 

Calcium phosphate (CaP) cemmics are synthetic scaffolds that hsve a stoichiom­
etry similar to that of bone. Their mechanical properties resemble those of ce­
ramics, as their manufacturing process involves sintering, for thermal consoli­
dation of the inorganic compounds, at temperatures above l000°C. When they 
are implanted next to healthy bone, osteoid is secreted directly onto their surl'aces; 
this sobsequently mineralizes, and the resulting bone undergoes remodeling. CaP 
cemmics are highly biocompatible and differ only in their resorhsbility. The me­
chanical properties of CaP scaffolds are not suited to withstand the torsional and 
tensile forces imposed on the skeleton; thus their use is limited to non-weight­
bearing sites and in conjunction with internal or external fixation devices. 

I. Hydroxyapatite (HA) of natural origin. Commercial HA of natoral ori­
gin is derived from sea coral (genus Gonipora, genus Porites) and is pre­
pared by hydrothermal conversion (Replamineform) to HA (ProOsteon 
Interpore International, Inc., Irvine, CA) or from bovine bone (Bio-Oss 
Geistlich Biomaterials, Geistlich, Switzerland; Osteograf-N Cera.Med Co., 
Denver, CO; and Endobon Merck Co., Darmstadt, Germany). 

2. Synthetic CaP biomaterials. Synthetic HA [Ca10(P04 )6(0Hh] is used as 
bone-graft material and for the coating of orthopedic and dental implants 
(Calcitite Sulzer Calcitek, Carlsbad, CA), while b-TCP is used mainly as a 
bone-graft substitute in non-weight-bearing applications (Vitoss Orthovita, 
Inc., Philadelphia). Biphasic CaP has better resorbability than HA and is 
mechanically sounder than b-TCP (Triosite, Zimmer, Warsaw, IN; BCP, 
Sofarnor Danek, Roissy Cdg Cedex, France). 

Calcium Phosphstrltollagen Composites 

A composite of porous calciwn phosphate granules and purified bovine-derived 
fibrillar collagen, to which autogenous bone marrow aspirate is added during 
implantation, is called Collagraft (Zimmer Corporation, Warsaw, IN). It can 
be used as a paste or in strips and serves as a carrier for the porous ceramic and 
the autogenous marrow. 
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Calcium Sulfate 

Calcium sulfate or plaster of Paris has been used since the early 1900s as void 
filler (Osteose~ Wright Medical Technology, Inc., Arlington, TN) or mixed 
with bone marrow aspirate, demineralized bone, or autograft. A mixture of 
CaS04 putty with demineralized bone matrix (Allomatrix, Wright Medical, 
Arlington, TN) has recently been investigated in an effort to improve the os­
teoinductive properties of calcium sulfate. 

Bloactive Glaases 

A family of glasses in the form of beads, identified under the trade name Bio­
glass (U.S. Biomaterials Corporation, Alachua, Fl..), represents a further ap­
proach to bone substitutes. The beads range in size from 90 to 710 m m and are 
composed of silica (SiD,, 45% ), calcium oxide (CaO, 24.5% ), disodium oxide 
(Na,O, 24.5% ), and pyrophosphate (P20 5 , 6% ). Bioactive glasses stimulate 
osteoprogenitor cell function and possess controlled resorbability and proven 
biocompatibility. 

PolyglycoUc Acid Polymers and Composites 

Polymeric membranes have been investigated for bone graft substitution. The 
most prominent types arc the polytetrafluorocthylene (PfFE) and degradable 
polyesters poly-a-hydroxy acids (PHAs), such as polylactic acid (PLA) and 
polyglycolic acid (PGA). PLAIPGAIPLGA bas been soccessfully combined 
with rhBMP-2 in animal models, and the results were biomechanically com­
parable to those obtained with autogenous cancellous bone grafts. 

Calcium Phosphate Cements (CPCs) 

CPCs were introduced in the early 1990s. Currently, two CPC categories are 
available, based on their end product: the apatite CPCs (the end product be­
ing precipitated HA) and the brushite CPCs (the end product being dicalcium 
phosphate dehydrate). CPCs can be used only in combination with metal im­
plants (osteoporotic intertrochanteric femoral fractures) or in certain weight­
bearing skeletal sites (comminuted tibial plateau fractures). Some CPCs are 
injectable, such as the Norian Skeletal Repair System (SRS) (Norian-Syn­
thcs, Oberdorf, Switzerland), the a-BSM (Etex, Cambtidge, MA), and the Cal­
los (Skeletal Kinetics, Cupertino, CA), as they maintain their cohesion in an 
aqueous environment without disintegrating. Others are not injectable, such as 
the BoneSource (Leibinger, Miilheim-Stettin, Germany) and the Cementek 
(Teknimed, Bigorre, France), as blood must be kept away from the implant­
ing site until the material has set. 

Future Technologies 

A more adaptive ''biomimetic" scaffold may be achieved by making it re­
sponsive to the mechanical environment in which it is placed. For example, 
peptides of the arginine-glycine-aspartic acid range-gated Doppler (RGD) 
sequence have been incorporated onto scaffold surfaces in an effort to in­
crease cell adhesion, proliferation, and biocompatibility. The use of super­
critical fluid technology in the development of porous biodegradable scaf­
folds represents another promising approach. This technology is involved in 
the development of biodegradable scaffolds and does not employ solvents 
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or thermal processing, thus allowing for the incorporation of growth factors 
into the scaffold at construction. 

SYSTEMIC ENHANCEMENT OF FRACTURE HEALING 

Parath)orold Hormone (PTH) 

Contrary to the assumption that PTII is a bone-resorbing hormone with cata­
bolic effects on the skeleton, the response of the osteoclasts to PTII is more 
likely to be mediated by osteoblastic activity, as P'IH receptors are found on 
osteoblast membranes. Indeed, while continuous exposure to PTH leads to 
an increase of osteoclast numbers and activity, intennittent exposure stimu­
lates osteoblasts and results in increased bone formation in rats and humans. 

Growth Hormone (GH) 

IGF-1 is known as somatomed.in-C and seems to be mediating the effect of 
GH on the skeleton. IGF-1 promotes the formation of bone matrix (type I col­
lagen and noncollagenous matrix proteins) by the fully differentiated os­
teoblasts. In animal models of distraction osteogenesis, biomechanical testing, 
quantitative computed tomography (qCT), histomorphometric analysis, and 
serum levels of IGF-1 showed that administration of recombinant GH leads 
to increased stimulation of IGF-1 in serum during fracture healing and accel­
erates ossification of the regenerated bone. 

The Effed of Head Injury on Fracture Healing 

Perkins and Skirving (1987) and Spencer (1987) were the first to examine the 
volume of fracture callus and time to union in patients with traumatic brain in­
jury (TBI). They found that the volume of callus was greater and the average 
time to union shorter in patients with TBI. Bidner et al. (1990) examined the 
hypothesis that sera from TBI patients displayed increased cell proliferation, 
attributed to a circulating growth factor released following TBI. The relation 
between TBI and eohaneed fracture healing represents an important field of re­
search, as it reveals the autocrine and/or paracrine effects of circulating factors 
that take part in fracture healing under the possible influence of the central ner­
vous system. 

TISSUE ENGINEERING OF FRACTURE HEALING 

Current Teehnologles 

Since the discovery of the osteoinductive properties of DBM, attention has fo­
cused on the role of bone morphogenetic proteins (BMPs) in embryologic 
bone formation and bone repair in the postnatal skeleton. BMPs are a group of 
noncollagenous glycoproteins that belong to the transforming growth factor 
bets (TGF-b) superfamily. Over 15 different BMPs have been identified and 
their genes cloned The best-studied examples are BMP-2, BMP-3, and BMP-7 
(osteogenic protein 1, or OP-1), as these are known to play important roles in 
bone repair by stimulating MSC differentiation. Riedel and Valentin-Opran 
(1999) were the first to report preliminary results from the use ofBMP-2 to 
augment the treatment of open tibial fractures. Govender et al. (2002) con­
ducted a large prospective, randomized, controlled multicenter trial evaluating 
the effects of recombinant (rh) BMP-2 on the treatment of open tibial fractures. 
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In a larger prospective randomized controlled and partially blinded multi­
center study, Friedlaender eta!. (2001) assessed the efficacy of rhBMP-7 over 
iliac crest bone graft in the treatment of 122 patients with 124 tibial nonunions. 
Recombinant human BMP-2 and BMP-7 appeared equally osteoinductive to 
autograft in these studies. 

Peptlde-Sigua!lDg Molecules 

Transforming growth factor beta (TGF-P) influences a nwnber of cell 
processes, such as the stimulation of MSC growth and differentiation; it also 
enhances collagen and the secretion of other extracellular matrix products 
and acts as a chemotactic factor for fibroblast and macrophage recruitment 

Fibroblast growth faetors (FGF) are a group of structurally related com­
pounds that share between 30 and 50% sequence homology. Acidic FGF 
(aFGF, FGF I) and basic FGF (bFGF, FGF 2) are the best-studied members of 
this family, with bFGF considered to be most potent. It stimulates angiogene­
sis and endothelial cell migration and is mitogenic for fibroblasts, chondrocytes, 
and osteoblasts. 

Insulin-like growth factors (IGF) exert an anabolic effect on bone me­
tabolism. Two types bave been described: IGF I and IGF 2, which stimulate 
osteoblast and osteoclast cell proliferation and matrix synthesis. 

Platelet-derived growth factor (PDGF) is synthesized by numerous cell 
types, including platelets, macrophages, and endothelial cells. It consists of 
two polypeptide chains, A and B, which share 60% amino acid sequence ho­
mology. PDGFs possess strong mitogenic properties and stimulate the prolif­
eration of osteoblasts. 

Gene Therapy 

Gene therapy is an emerging field in bone tissue engineering, involving the 
transfer of genetic material into the genome and thereby altering cellular syn­
thetic function. For this process, the selected gene's messenger ribonucleic 
acid (mRNA) is reversely transcribed into complementary deoxyribonucleic 
acid (eDNA). It is then inserted into a plasmid and placed into a vector (viral 
or nonviral) carrier that facilitates gene transfer into the targeted cell lines. 
Successful gene transfer using nonviral vectors is termed transfection, whereas 
gene transfer using viral carriers is known as transduction. The two main ap­
proaches to gene therapy involve in vivo and ex vivo gene transfer. The in 
vivo technique involves the direct transfer of genetic material into the host. It 
is technically an easier method to perform but is limited by the inability to per­
form in vitro safety testing on transfected cells. In vivo gene therapy has been 
used to promote fracture repair through the expression ofBMP-2. Using the 
principles of ex vivo gene transfer, Lieberman et al. (1999) generated BMP-2-­
producing bone marrow cells and investigated their ability to heal critically 
sized femoral segmental defects in syngeneic rats. 

CONCLUSION 

Molecular biology is now offering new tools for the investigation and under­
standing of the spatial and temporal gene expression of the skeletal repair 
cascade, but fracture healing remains highly challenging. Our ability to infiu­
ence skeletal repair events pharmacologically is appearing to improve, and 
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new biomaterials possessing osteoconducti.ve and osteoinducti.ve properties to 
facilitate the healing process are being produced. 

Molecular biotechnologies have been emerging in the field of skeletal tissue 
engineering, involving manipulation of the genetic material of targeted cells. 
Issues ofbiosafety and efficacy, however, need to be answered before human 
trials take place. 
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7 Injuries of the Glenohumeral 
Joint 
Charles M. Court-Brown C. M. Robinson 

This chapter reviews fractures of the proximal humerus and dislocations of the 
humeral head from the glenoid fossa. 

PART I. PROXIMAL HUMERAL FRACTURES 

Proximal humeral fractures are relatively common, comprising about 5 to 6% 
of all fractures. They occur mainly in elderly patients with osteopenic bone. 
Despite this, many of the studies of proximal humeral fractures have examined 
the treatment of younger patients, and the results are difficult to extrapolate 
to an older population with different functional requirements and expectations. 
This chapter discusses the treatment of both patient groups. 

ANATOMY 

The basic anatomy of the proximal humerus is shown in Fig. 7-1. The anatomic 
neck lies behind the articular surface and the greater and lesser tuberosities 
lie between the anatomic and surgical necks. The surgical neck connects the 
humerus to the shaft. It is the displacement of the anatomic and surgical necks 
and the two tuberosities that define the different proximal humeral fractures. 

The rotator cuff muscles insert into the proximal humerus behind the 
insertion of the joint capsule. Teres minor inserts onto the back of the greater 
tuberosity and the proximal humeral shaft. Infraspinatus runs above teres mi­
nor and inserts onto the greater tuberosity behind supraspinatus, which runs 
under the acromion and inserts into the tip of the greater tuberosity. Sub­
scapularis runs anteriorly from the scapula and inserts into the lesser tuberos­
ity and the proximal humeral shaft. 

The main approach to the proximal humerus is the deltopectoral approach. 
which separates deltoid and pectoralis major. The deltoid arises from the lat­
eral clavicle, acromion, and spine of the scapula and inserts into the deltoid 
tuberosity on the humeral diaphysis. Pectoralis major arises from the chest 
wall and the clavicle and inserts into the proximal humeral diaphysis. The 
cephalic vein lies between the muscles and serves as a marker for the space 
between the two muscles. The short head of biceps and coracobrachialis lie 
between the deltoid and pectoralis major and the anterior rotator cuff. They 
originate from the coracoid process. The musculocutaneous nerve pierces 
coracobrachialis about 4 em below the coracoid and is at risk in anterior shou1-
der surgery. The axillary nerve runs behind the proximal humerus and can also 
be damaged by a proximal humeral fracture or during surgery. The main ar­
terial supply to the area is the axillary artery, which gives rise to the anterior 
and posterior circumflex humeral arteries; these anastomose around the sur­
gical neck of the humerus and supply ascending branches to the humeral 
head. Damage to the vascular supply by fracture may cause avascular necro­
sis; this is of particular importance in four-part proximal humeral fractures and 
fracture-dislocations. 
62 
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FIG. 7·1 The anatomy of the proximal humerus as it relates to fractures. 
A. Greater tuberosity. B. Lesser tuberosity. C. Surgical neck. D. Long head of 
biceps. E. Infraspinatus. F. Supraspinatus. 

ClASSIFICATIONS 

There are two classifications. which, to an extent. are complemetltary, and 
both are used in this chapter. Neer (1970) introduc:ed a clusificalion tbat sub­
divided proldmal humeral fractures. It was based on the degree of displace­
ment of the tuberosities and the anatomic and surgical neck and the presence 
of an associated dislocation. He defilled a displaced fragment as one widl more 
than 1 em displacement or more than 4S degrees of anguladon. Using these 
criteria, he defined proJiimal humenll fractmes as minim!!]]y displaced, dis­
placed two-part IIIIlltOmic neck, surgical neck, and greater IIIIIi lesser tuberos· 
ity fractures. He also defined dlree- aDd four-part displaced fractures as those 
that had displacement of either one or both of the tuberosities together with a 
surgical neck fracture. In addition he recognized two-. three-, and four-part 
frac~dislocati.ODS and head-splitting fractmes. Table 7-IA lists the types 
of proximal humeral fracture defilled by Neer. 

The Orthopaedic Trauma Associmon (OTA) classification (1997) has 27 
subtypes arul therefore better defines the diffenmt fractures (Fig. 7-2). Type 

TABLE 7-1 A The Neer Clasaltlcatlon of Proximal Humeral Fraclu1'88• 

Neer type Percent 

Minimally displaced 49 
Two-part anatomic neck 0.3 
Two-part surgical neck 28 
Two-part greater tuberosity 4 
Two-part lesser tuberosity 0 
Three-part fracture 9.3 
Four-part fracture 2 
Two-part fracture-dislocation 5.2 
Three-part fracture-dislocation 0.2 
Four-part fracture-dislocation 1.1 
Head-splitting fracture 0. 7 

•The different categories of proximal humeral fracture as defined by the Neer 
(1970) classification, together with their incidence, according to Court-Brown 
etal., 2001. 
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FIG. 7·2 The OTA classification of proximal humeral fractures and their in· 
cldence. From Olthopaedlc Trauma Association Committee for Coding and 
Classification. Fracture and dislocation compendium. J Orthop Trauma 1996: 
10(suppl}:2-5. 

A frac1mes am uDifocal fractures, with Al fractmes iDvolvinllbe gm~tcr 
tuberosity. A2 and A3 fractures are surgical neck fractures, with A2 being 
impacted and A3 DODimpacted. In A1 fractun:s,lbe suflixes 0.1 to 0.3 mas to 
the displacement of the grearer tuberoaity or glenolmmeral dislocation. In A2 
and A3 fw:tlns.lhc suflix 0.1 to 0.3 ~to the cliffereD1 fl:'act1e types. Type 
8 fractures are bifocal, with 81 fractures having metaphyaeal. impaction. 82 
fractUies am uollimpacted, and 83 fw:tlns are associated widl glmohumcral 
dislocation. The suffixes 0.1 to 0.3 refer to the different fraccme patmml. Type 
C fractmes am fractures of the anatomic neck. with Cl fractmes showing 
alight dispW:ement and C2 fw:tlns showing marked di8placement C3 frac. 
t1Rs am associated with a dislocation and/or head-splittmg fractures. Again 
the lll1flixea 0.1 to 0.3 denote different fw:t1R configurations. 

The two classification systems should be seen as comp~. The NCC'I' 
system does not define the different fracture pattems very welllllld makes no 
mmtion of valgus-impacted fractures. The OTA classification is more com­
prehensive but does not take fracture di&placelmnt into account. It ill thcrefme 
best to combine the OTA clasai1k:ation with Neer's disphwemeut ctiteria. and 
tha1 is done in thill cbapter. 

EPIDEMIOLOGY 
Tbc iDcideDce of the cliffcreDt fracture types defined by the NCC'I' classification 
is shown in Tab:le 7-IA. Figure 7-2 shows the incidence of the diffcrellt types 
of proximal hiiDim'lll. f.ractln when the OTA classification is used. The data 
in both Tab:le 7-IA and Fig. 7-2 am from Court-Brown et al. (2001). In this 
study of 1027 conseculive fiactlns. the avaage age was 66 years. Some 27<l> 
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were male (average age 56 years) and 73% were female (average age 70 
years). Age and sex incidence curves show that both males and females have 
a unimodal distribution, with very few fractures under the age of 40. It is a 
fracture of the fit elderly, with 90% of patients being independent at the time 
of fractore. 

If the Neer classification is used, 49% of proximal humeral fractures are 
ntinimally displaced, 28% are two-part smgical neck fractures, 9% are tbree­
part fractures, and 5% are two-part anterior fracture-dislocations. Only 2% are 
four-part fractures and only 1.3% are three- or four-part fracture-dislocations. 
If the OT A classification is used, 66% of fractures are type A unifocal frac­
tures affecting the greater tuberosity or surgical neck. A further 27% are bi­
focal fractures, and only 6% of fractures are variations of the anatomic neck 
fracture, including four-part fractures. The most common proximal humeral 
fracture is the Bl.l impacted valgus fracture (15%), followed by the A3.2 
translated two-part fracture (13%), the two-part impacted varus fracture 
(13%), and the A1.2 displaced~ tuberosity fracture (10%). All together, 
about 21% of proximal humeral fractures are impacted valgus fractures (A2.3, 
Bl.l, Cl.l, and C2.1). 

Associated Injuries 

About 10% of patients present with associated injuries. As the patients are 
usually elderly, multiple injuries are rare. Most patients present with either 
an ipsilateral distal radial fracture or an associated proximal femoral fracture. 
Vascular injury is very rare, with axillary artery damage having been reported 
in less than 20 cases. However, neurologic damage is fairly common and may 
involve the brachial plexus or peripheral nerves. The posterior cord of the 
brachial plexus is most commonly affected; axillary, suprascapular, and radial 
nerve involvement is not infrequent 

CLINICAL HISTORY AND EXAMINATION 

Patients who have proximal humeral fractures tend to be elderly and to have 
isolated injuries. They present with a painful shoulder and a very restricted 
range of motion. Nerve damage is not uncommon; therefore a neurologic ex­
amination of the arm should be undertaken and the results recorded. In view of 
the patient's age, a thorough social history is important. as the fracture may 
well prevent an independent existence, at least on a temporary basis. If the 
patient is multiply injured, a complete clinical examination according to the 
America! College of Surgeons' Advanced Trauma Life Support (ATLS) 
guidelines is mandatory. 

Radiologic Examination 

Adequate information to diagnose and classify the fracture should be obtained 
from anteroposterior and axial radiographs (Fig. 7-3). An axillary view can also 
be useful. A lateral scapular view is often suggested. but it does not add much in­
formation. Computed tomography (CO scans will show the extent of the frac­
ture but are rarely required. Magnetic resonance imaging (MRI) may help to 
delineate the extent of assucisted soft tissue damage in fracture-dislocations. 

The essential information to be gained from the radiographs is listed in 
Table 7-lB. 
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FIG. 7-3 Anteroposterior and lateral radiographs of an A3.2 translated sur­
gical neck fracture. 

TREATMENT 
MiDimall,y Dlaplacecl Fractaru 

Table 7-lA shows dlat about SO% of proximal hUIDift1. frac1wcs are minimally 
displaced (Fig. 7-4). ADalysia shows that about S6% of type A, 41% of type B, 
and lS% of type C fractures are minhnally displaced (Court-Brown et al, 
2003). There is uuivcrsal. acc:eptanc:c that tbesc fractuies should be .IDllllaged 
nonopera!ively and that the results of such JD.llrui&Cmenl are generally good. 
'I'he lifcEat1R iDdicates Chat about 85% ofpaticula have tw:elleat or goodmsults 
with nonopera!ive treatment About 70% of d!ese patients are pain-free; on av­
erage. patients regain about BS% of ncxmal shoulder functioJL .ADalysis shows 
thai the results are age>dependent, with most patients below age SO achieving 
D.OIIIIlll shoulder fum:1i011. Poor lmllts laid to oc:c:ur in older pa1icnta who have 
coexisting medical motbidities. Nonoperadve .IIIIID&gementccmsists of2 weeks 
in a atiDg followed by a course of physical thcmpy. There is no evidence that 
o1ber types of nonopermve treatment or a longer duration of immobilization 
gives bette~' Msulls. 

TABLE 7-1 B Important Radiographic Featuree of Proximal Humeral Fracturea 

1. Is there a proximal humeral fracture? 
2. How extensive Is the fracture? Does It Involve either or both of the 

tuberosities, 1he surgical neck, or 1he anatomic neck? 
3. How displaced are the fragments (> 1 em displacement or >45 degrees 

of angulation)? 
4. Is an Isolated fracture of 1he greater tuberosity displaced by >0.5 em? 
5. Is it a valgus impaction fracture? 
6. Is there an anterior or posterior dislocation? 
7. Is there an impaction fracture of the heed associated with a dislocation? 
8. Is there a glenoid rim fracture? 
9. Is 1here high-riding of 1he humeral head, suggesting a chronic rotator 

cuff tear? 
10. What is the state of the bone? Is it osteopenic? 
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FIG. 7-4 An A1.2 minimally displaced fracture. 

DIJplac:ed FrldurN 

Two-Pfllt Fmcture1 

Greater tuhetositg frat:tura. Greater tuberosity fradmes (Fig. 7-5) aoooUDt 
for about 19% of proximal humenl fractures. About 4* ae uudisplaced 
(Al.l), 5* are as.socialed with glenohumeral clilllocation (Al.3), and there­
llllliiWig 10% are di&plKed (A1.2). 'l'hcsc fl:actun:& occ:ur in )'OUDF patients 
with an average age of about 55 years. All greater tuberosity fractores should 
be egudcd as possible rotator cuff tears. The we incidence of rotator cuff 
tears associated with greater tuberosity fractures is unknown. but it seems 
likely tbat they are more common in older patients, in bi.gb-cm:rgy injuries, 
and where there is significant tuberosity displacemcDt. It is aa:epted that dis­
placC~D~CD.t of more tban S mm is an indication for surgical ec:oD.Siruc1ion of 
the greater tuberosity. 

FIG. 7-5 An A1.3 fracture showing marked displacement of the greater 
tuberosity (81Tow). 
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If there is evidence of significant shoulder dysfunction with 2 or 3 weeks 
of the fracture, all greater tuberosity fractures should have an ultrasound ex­
amination or an MRI scan to check the integrity of the rotator cuff. If there is 
more than 5 mm of displacement of the tuberosity or imaging shows a cuff 
tear, operative treatment is indicated. Surgery is best undertaken through a lat­
eral deltoid splitting approach. The tuberosity can be fixed by an intrafrag­
mentary screw if the bone fragment is large enough or with interosseous su­
tures or suture anchors if screw fixation is impossible. Care must be exercised 
in using screw fixation, as large tuberosity fragments tend to occur in older pa­
tients with osteopenic bone. Any rotator cuff tear must be repaired. 

Surgical neclc fractures. About 47% of proximal humeral fractures are in 
the surgical neck, although about only 28% are significantly displaced. The 
majority of surgical neck fractures are translated fractures (A3.2) and im­
pacted varus fractures (A2.2). 

TRANslATED SURGICAL NECK FRACTURE. This fracture (Fig. 7-3) has received 
considerable attention in the literature. Suggested methods of treatment in­
clude nonoperative management, percutaneous Kirschner wires (K wires), 
plating, antegrade intramedullary nailing, and retrograde intramedullary fixa­
tion with flexible pins. Table 7-2 presents an analysis of the results of the lit­
erature dealing with these techniques. 

Nonoperative management Most surgeons would treat A3.2 fractures associ­
ated with less than 50 to 60% translation nonoperatively. The debate about 
treatment concerns more severely displaced fractures. Table 7-2 shows that 
nonoperative management is associated with better results than percutaneous 
K-wire fixation or plating despite the much higher average age of the patients 
in published series. AI. with all treatment methods, the results of nonoperative 
management are age-dependent. Table 7-2 suggests that nonoperative man­
agement remaina 1lle treatment of choice for older patients with displaced A3.2 
fractures. The treatment involves using a sling for 2 weeks and then institut­
ing a physical therapy program. 

Percutaneous K-wire fixation. This technique is widely talked about, but there 
is little evidence to justify its use. After fracture reduction, K wires are inserted, 
using either an antegrade or retrograde technique under fluoroscopic control. 
The technique is much more difficult than it appears and the difficulty of trans­
fixing the fracture combined with pin loosening in osteopenic bone leads to 
high pin-failure and infection rates. It is a useful technique in proximal humeral 
epiphyseal fractures in young adolescents, where bone quality is good and 
union is rapid. It should not be used in older patients. 

TABLE 7-2 Excellent and Good Resuhs Associated with the Different Methods 
of Treating A3.2 Translated Two-Part Fractures of the Surgical Neck 

Treatment method 

Nonoperative 
Kirschner wires 
Plates 
Antegrade nailing 
Retrograde flexible nails 

Age 

72 
56 
56 
63 
60 

Excellent/good (%) 

69 
50 
67 
78 
82 
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Plating. Many surgeons have utilizccl T- or L-shapcd D.CUtralh:aticm plates or 
blade plates to trea1 displaced two-part surgical neck fractures. As with pe:rcu­
tliDCOUs K-wire fixaliou, the IeSulta for palients below age 50 aie much bctta' 
than !hose in older pa1ieDts. but fractun:s are rare in dlis age group. Jt is proba­
ble that the new generation of locldng plales wiD improve the msults shown in 
Table 7-2. but Ibis is as yet UDknown. 

Antegtade intramedulWy nailing. The Jaulls of both mtegnlde lllliling (Fig. 
7-6) and retrograde pinning of two-part surgical neck fractures are shown in 
Table 7-2. The average age of the series delllillg wi1h this teclmique lies be­
tween those with K wires and plating and nonoperalive IDllll8.geiDCDt, but it ill 
clear that the msults are better than those asscx:iamd with K. wires mel pla1iDg. 
The problem 8.8110ciated with mtegrade nailing is rotator cuff damage. Ante­
grade lllliling is uaually UDdertabn through a deltoid splittiDg approad1 ~ 
fluoroscopic control. A locked abort intramedullary nail is uaually ued. 

As widl all methods of treatmeDt, better results are gained in younger pa­
tients; but unlilce the case with K wiring and plating, 1he dift'erencc between 
the msults in the youug and older groups is less marbd. 1'he msults of mro­
grade nailing using two or more flexible intramedullary pins are similar to 
those of antegrade nailing and, indeed. to those of DODopmtive managemeDt 
in patients of a similar age. Retrograde nailing is undeltalren using dUn. flexi­
ble nails inserted from above the olecranon fossa. The drawback is that the 
naila tend to back out, causing lou of elbow extensicm, UIUally of lcsa1han 
20 degEeCS. This teclmi.que is lea3 popular than the other teclmi.ques listed in 
Table 7-2, but it can give good IeSultll. 

Two-PART VARUS IMPACTED FRACTORBS. These are extremely common, ac­
counting for 13~ of all proximal humeral fractures, and it is surprising that 
there bas been only cme study of their treatment (Court-Brown and McQueeo. 
2004).1n a seriea of 133 ccmecutive fractures. the average age of the patients 
was 68 years, and 89~ were above SO years of age. Nonoperative manage­
ment wu used. and 78~ of patients had excellent or good mrults. ~is \Dl­

dcrstandablc concern that increasing varus angulation causes increased im­
pingement between the greater tuberosity and the acromion and the:refore 

FIG. 7·6 lmramedullary nailing of a surgical neck fracture. 
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FIG. 7·7 An />.2..2 impacted varus fracture. 

im:mlsed pain and decreued fimctioa. However aualysill shows that whili: the 
outcome of A2.2 fractures is age-dependent, it is independent of the degree 
ofvarusoftbehume!alheed. Nono,perative~is tllmforeiDdicated 
in these fracture~~ (Fig. 7-7). 

laser tuberosity fractures. These are extremely rue and are treated in the 
same way as fraclmes of the pater tuberosity. If disphwed. they should be in· 
temally fixed; if undillplaced, they can be treated nonoperatively. As with 
greater tuberosity fraduml, imagiDg of the rotator cuff is indicated, with repair 
being undertaken as required. 

Anatomic Neck Fractures 

Isolated two-part aDatomic:: net:k fractures are VCJY rare. If UDdisplacecJ. they 
should be treamd nonoperatively; but if they are significantly displaced, the 
vucular supply of the hliDimll head will be compromised and a hcmiartbro· 
plasty prosthesis will usually be used in older patients. Screw fixation is ad­
vised in youuger patienta. 

'Dine· tmtl Four-Pan Fmctun1 

'l1lme and four-part fractnres are uncommon. In three-part fractures, the sm­
gi.cal ncc:k and pater tuberosity are usually involved; VCJY rardy, the fracture 
may involve 1he surgicalru:ck and the .lesser tuberosity. In fom-part fractun:s, 
boch tuberosities aDd the surgical neck are fl:actuied, thus compromising the 
vascularity of the h11JDCftl head. The original Neer classification ass~d 
that~ aDd four-part fractmes WeD always associated with rotation of the 
humeral head; but surgeons have now realized that most three- aDd four-part 
fractures involve a valgus malposition of the head (Fig. 7-8), which is im· 
pacmd onto the humeral metaphysis. These fractures are not associated with 
the same degree of vascular damage, and intemal fixation rather than joint 
replacement is often used to treat valgus impaction fracmres. 1bn:c-and !om­
part fractures can be treated u.cmoperativcl.y or operatively using plates, pa-· 
cumneous screws, cerclage wire fuwion, or hemiartbroplasty. The results of 
these tmdment methods are given in Table 7-3. 
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FIG. 7·8 A three-part impactad valgus fracture showing significant valgus 
of the head (A) and treatment with calcium phosphate cement and 9Crew fixa­
tion. (Courtesy of C. M. Robinson, M.D.) 

Treatment Method~ 

N0110~1'rltiN 

Table 7-3 shows 1he results of nonoperative treatment in dle ma~~agement of 
dec- and four-part fmctums. As widl two-part fractures (Table 7-2), the pa· 
timts tend to be older, and a poorer prognosis can dlerefore be expected. The 
results for nonopcrati.vc lllllllllgeDlCit of dec-put frlll:tures am at least equiv­
alent to those of p1ming and are only sligbtly worse than !bose of two-part~ 
tum!. Howcve.-,thc RISU!ts of the usc of nonopcralive lllllllagCIIIeDt in four-part 
fractnres are poor. 

Plating 

TbcR:SUllsofplatillgof~ aDd four-part fractures are poor. Table 7-3 shows 
dlll1 the mclmiqae is 11.0 beUcr 1han llOilOpei'Blive 11181U18ement in diJee..prt fnlc.. 
tures.ID four-part fnu:tuml, ilia betta'thall D.ODOpelldive managemmt but worse 
1han percutaneous screw fixalion or 1he use of sUIIlres or cerclage wires. There is 

TABLE 7-3 R88Uita Aaeociated with the Treatment of Three- and 
Four-Part Fractures• 

Nonoperative 
Plating 
Percutaneous screws 
Cerclage wire/suture 
Hemiarthroplasty 

Three-part fractures 

Aae Excellent/aood (%) 

73 63 
67 63 
52 87 
51 93 

Four-part fractures 

Aae Excellent/aood (%) 

73 29 
66 48 
52 74 
51 n 
68 53 

•lhe average age end excellent end good results astiOCiated with the different treat· 
ments of three- and four-part fractures. lhe results for hemlarthroplasty Include both 
thre&- end four·pert fractures. 
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no evidcm:e 1hat the teclmique sbould be uaed, allbovgh, as wilh two-part~ 
tures, the new locldog compre88ion platl:8 may improve reaultll. 

Pei'CliiiiMoiiJJ Screw Flxatimt 

This teclmique is designed for valgus DD.pacted fractures (Fig. 7-8). Unda Ou­
oroscopic control, miDimal dissection teclmiques are uaed to reduce the frag­
mmts into an 1111atomic position and pem1taneous screws are used to fix die 
f'radure. Calcium phosphate cement may be used to fill the void in the humeral 
head. Table 7-3 shows good n:sultll in both~ and four-part fi:'actun:s. al­
though the average age of the patients in these series is mudt younger tban that 
of the population who sustain these injuries. Then: is no good infoiJDation 
about the use of thia technique in older patient~. but the osteopeDic na1ure of 
the bone will mab the :proceclun: difficult 

Suture/Cerclage Win 

It is posuble to :reduce and hold the tuberosities wilh nonab&orbable sutures or 
use a cerclage wire or tension baDd to hold the reduced tuberosities to the 
humeral shafts. The soft tissue dissection is lea than with pladng. but again, 
Tables 7-2 and 7-3 show Chat wbile good results can be obtained, it is the 
younger patient& who have been treated; there are no result& for older patients. 

K Wlru and Tmrion Banding 

This tedmique is not appropriate in 1he tmdmeDt of~ and four-part fl:ac­
tures. The osteopenic nature of the bone in the majority of patients means 
thatreaultll are poor. 

Intromedtdlmy NDiling 

Good results have been published, but then: are very few good studies, and 
up to 71 .. fhation failure has been reported. Both antegrade and retrograde 
nailing provides good results in two-part fractures, but these teclmiques are not 
appropriate for more oomplex fractures. 

Hemia11hroplo.sty 

The results of the use ofhemiartbroplasty proatheses (Fig. 7-9) to treat~ 
and four-part fractures are given in Table 7-3. Anwnberof clifferentimplants 

FIG. 7·9 A hemiarthroplasty prosthesis. 
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have been used, but the literature suggests that there is little difference be­
tween them. They are inserted through an anterior deltopectoral approach, 
with the tuberosities being reconstructed after the prosthesis has been inserted. 
The literature clearly shows that their use is associated with good pain relief 
but relatively poor shoulder function, particularly in the elderly. A number of 
factors have been shown to affect outcome. These are listed in Table 7-4. 

Table 7-3 shows that these prostheses are usually used in older patients 
and that only about 50% of patients will get excellent or good results. AI. with 
other techniques, the success of the technique correlates with age. However, 
over 85% of patients have little or no pain and regain functional movement. 
Patient satisfaction is high and the operation is better than nonoperative man­
agement in the fit elderly. There has only been one prospective study com­
paring hemiarthroplasty with nonoperative management in elderly patients. 
1bis showed that function was relatively poor in both groups, but the patients 
who had arthroplasties had better pain relief. There has been no prospective 
study comparing hemiarthroplasty with operative reconstruction. 

Ftacture-Dislocatlons and Head-SpUttlng Ftactures 

Three- and four-part fracture-dislocations and head-splitting fractures are very 
rare, all together accounting for 2% of proximal humeral fractures. The prog­
nosis is worse than for three- and four-part fractures, with very high rates of 
avascular necrosis and shoulder dysfunction often being recorded. Hemi­
arthroplasty is the best treatment method. 

Valgus Impacted Fnctu,... 

These fractures (Fig. 7-8) have assumed greater importance in the last 20 years. 
They represent about 21% of proximal humeral fractures. About 48% are min­
imally displaced, 31% are two-part, 18% are three-part, and 3% are four­
part fractures. The average age of patients with a valgus impacted fracture is 
72 years. The incidence of avascular necrosis is less than in fractures associ­
ated with rotation of the head. Minimally displaced and two-part valgus im­
pacted fractures will usually be treated nonoperatively, with 90 and 72% ex­
cellent snd good results being obtained. Nonoperative treatment of three-part 
swgical neck snd gnester tuberosity fractures results in 66% excelleot snd good 
results. Four-part impacted valgus fractures are best treated by percutaneous 
screw fixation or hemiarthroplasty, depending on the age of the patient. 

Operative treatment of three-part valgus impaction fractures is indicated if 
there is excessive valgus. These fractures have been treated successfully with 
reduction, the insertion of calcium phosphate cement to fill the void in the 

TABLE 7-4 Factors Affecting the Outcome of Shoulder Hemiarthroplasty 
Perfonned for Fracture 

Increasing age 
Neurologic deficit 
Timing of surgery (early surgery produces better results) 
Displacement of the prosthesis in relation to the glenoid 
Nonunion of the tuberosities 
Displacement of the tuberosities 
Alcohol consumption 
Tobacco usage 
Experience of the surgeon 
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humeral head, and either screw or plate fixation (Fig. 7-8). Unfortunately there 
is as yet no definition as to what constitutes the extreme valgus of the humeral 
head, but consideration should be given to operative treatment of three-part 
impacted valgns fractures that show significant valgns of the head, particularly 
if they occur in younger patients. 

COMPLICATIONS 

Nonunion 

The inference in some texts is that proximal humeral nonunion is common, but 
this is not the case. In a study of 1027 consecutive proximal humeral fractures, 
only II (1.1%) occurred (Court-Brown, 2001). Five (45.4%) were OTA type 
A2 fractures and three (27 .3%) were B2 fractures. The highest incidence of 
nonunion is in the rare B2.3 fracture, with 33% nonunions being recorded. 
This is followed by the B2.2 fracture (4.2%) and the A3.2 fracture (2.3%). 

Nonunion can be extremely disabling. The humeral head becomes stuck 
and all movement is at the site of the nonunion. Treatment depends on the age 
and degree of infirmity of the patient, but symptomatic nonunion is best treated 
by internal fixation and bone grafting in younger patients and by hemiarthro­
plasty in older patients, in whom pain relief is the most important outcome. 
Good results have been reported with locked antegrade nails and bone grafting. 
The results of hemiarthroplasty are also encouraging, but function is not as 
good as for primaiy hentiarthreplasty. 

Malunion 

Malunion is relatively common after proximal humeral fractures but rarely 
requires surgery. However, in younger patients, repositioning of displaced 
tuberosities may improve shoulder function and a proximal humeral osteotomy 
and refixation can be carried out. More commonly, however, hemiarthroplasty 
is the treatment of choice for symptomatic proximal humeral malunion. 

Avucular Necrosis 

Avascular necrosis has been reported in up to 3% of three-part fractures and 
20% of four-part fractures. If this condition is causing symptoms, it should 
be tteared by hemillrthroplasty. 

Heterotopic Ossification 

Heterotopic ossification has been reported to occur in up to 56% ofhentiarthro­
plasty procedures. However, in 50 to 65% of cases, it is minor. Rarely, it is more 
severe and symptomatic. Under these conditions, excision can be carried out 
with indomethacin or with radiation therapy to minimize the risk of recurrence. 

Axillary Artery Damage 

This is extremely rare. It occurs in high-energy injuries, usually in younger pa­
tients. The head of the humeros is forced into the axilla, damaging the artery. 
Vascular reconstruction is usually required. 

Neurologic Damsge 

Neurologic damage is surprisingly common after proximal humeral fractures. 
The brachial plexus, suprascapular nerve, or axillary nerve are most commonly 
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involved. The lesion is usually a neuropraxia and treatment is expectant, 
although physical therapy may be required. Recovery is usually complete. 

SUGGESTED TREATMENT 

Guidelines for the treatment of proximal humeral fractures are given in Table 
7-5. These are based on the results detailed in the literature and are not fol­
lowed by every surgeon. The interpretation of age is particularly difficult. Sur­
geons should assess the patient's geneml health, degree of dependence, and 
functional requirements before making a decision regarding treatment. They 
should also remember that fracture treatment is constantly evolving. 

PART II. DISWCATIONS OF THE GLENOHUMERAL JOINT 

FUNCTIONAL ANATOMY 

The proximal humerus consists of the head, greater and lesser tuberosities, 
and anatomic and surgical necks. The greater tuberosity carries the insertion 
of the supraspinatus superiorly and the infraspinatus and teres minor posteri­
orly. The lesser tuberosity is the site of insertion of the subscapularis. The long 
head of the biceps takes origin from the superior glenoid and lies in the inter­
tubercular groove between the two tuberosities. The anatomic neck of the 
humerus is delineated by the area of the head covered by articular cartilage, 
whereas the surgical neck. is the narrowest portion of the proximal humeml 
metaphysis. The anterior and posterior circumflex humeral arteries and the ax­
illary nerve circle the proximal humerus at the level of the surgical neck. The 
vascular supply of the humeral head is through the anterior lateral ascending 
(arcuate) artery, which originates from the anterior humeral circumflex artery. 
The arcuate arteiy runs proximally along the lateral aspect of the intertubercu­
lar groove and enters the humeral head through foramina along its course. 

The glenoid serves as a fulcrum against which the muscles of the shoulder 
work to move the humerus. The bony glenoid is a shallow socket that has an 
articular surface area of only one-third that of the humeral head. 

Although both the humeral head and the glenoid are typically retroverted 
with respect to their long axes, the scapula is protracted forward on the chest 
wall (Fig. 7-10). Excessive posterior translation of the humeral head is there­
fore prevented by the strong buttressing action of the posterior glenoid. 

The glenohumeral articulation functions as a multiaxial ball-and-socket 
joint and is the most mobile joint in the body, at the expense, however, of in­
trinsic stability. The stability of the articulation is dependent on passive and 
active mechanisms. Passive mechanisms of stability include the glenoid labrum, 
negative intraarti.cular pressure, the coracoacromialligament, the capsule, and 
the glenohumeral ligaments. The glenoid labrum deepens the glenoid fossa 
and consists of dense fibrocartilage. The anteroinferior labrum is usually de­
tached from the rim of the glenoid during anterior dislocations of the shoulder 
(Bankart lesion). The supraspinatus tendon, coracoacromialligament, and 
acromion form the roof of the glenohumeral articulation and, with other com­
ponents of the rotator cuff, prevent proximal migration of the humeral head. 
The capsule of the glenohumeral articulation is large and baggy, allowing the 
extensive range of motion of the shoulder. The three glenohumeral 6gaments 
(superior, middle, and inferior) are thickenings of the capsule and are ma­
jor passive stabilizers of the joint. The superior and middle ligaments vary 
widely in size and shape, but the inferior glenohumeral ligament is a constant 



TABLE 7-5 Guidelines for the Treatment of Proximal Humeral Fractures 

Fracture tvDe Suaaested treatment 

Proximal physis 
Minimally displaced 
Two-part surgical neck 

Closed reduction and K wiring 
Non operative 

(<65 years) Antegrade nailing 
(>65 years) Nonoperative 

Two-part greater tuberosity (<5 mm displacement) Nonoperative 
(>5 mm displacement) Screw or suture fixation. Cuff repair 

Three-part fracture (<65 years) Percutaneous screw fixation 
(>65 years) Nonoperative 

Four-part fracture ( <65 years) Percutaneous screw fixation 
(>65 years) Hemiarthroplasty 

Two-part fractur&-dislocation Reduce and as for two-part fracture 
Three- and four-part fracture-dislocation Hemiarthroplasty 
Head-splitting fracture Hemiarthroplastv 

~ 
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FIG. 7-1 0 Techniques of shoulder imaging show the ventral inclination of the 
scapula on the chest wall, creating a buttrBIIsing effect by the glenoid surface. 

''hammock," which suspends the humeral head and prevents anteroinferior 
Sllbl.uxali.on. 1be anterosuperior aspect of the shaulder capsule and the sub­
scapularis tendon limit posterior glenohumeral translation, even when the en­
tire posterior capsule has been d.ividOO. An intact rotator interval is felt to be 
a major stabilizer, opposing posterior and inferior humeral diapl.acement on 
the glenoid. The COI1ICOhummU ligament is a fold in the mte:rosupetior gleDo­
humeral capsule that becomes prominent with inferior translation of the 
humeral head. 

The DWScles of the rota1or cuff and the loDg head of the biceps comribute 
to active glenohumeral stability. The rotator cal'f'JiliiSclm function to main­
tain the humeral head agaiDst the glenoid and also laVe to tension the capsulo­
labral complex during movement of the shoulder. The other, larger shoulder 
girdle muscles either produce the major shoulder movements in the three 
planes (deltoid, pectorals, teres major, and lalisaimns dorsi) or coordinate aDd 
stabilize movements of the scapula on the chest wall (serratus anterior and 
the Ihomboid&). 

DISLOCA.TIONS OF THE GLENOHUMERAL ARTICUIATION 

Dis1ocalions of the glenohumeial arti.culation are classified according to 1heir 
direction (anterior, posterior, inferior, multidimctional), dearee (mbluxa!ion 
or dislocaticm and '':mi.croinatability''), chronicity (BCUte, n:curm1t, or chronic), 
volition (voluntary or involuntary), and cause (traumatic or atraumatic). In ad­
dition. all acute dislocations may be associated with neurovascular or soft 
tissue injuries and fractumJ. 

The majority of glenohumeral dislocations are anterior (Fig. 7-11) and oc­
cur in the young following aporting injuries and in the middle-aged and elderly 
following low-energy faUB. Posterior dislocations (Fig.7-12A to C) are un­
common but are difficult to diagnose and may be overlooked without a careful 
physical examination and adequate radiograph or CT scan of the involved 
shoulder. These injuries occur in all age groups and occur following eiJher higb­
enei!Y injury or during seizures, which may be triggered either by epilepsy, 
diabetic hypoglycemia, c1ectrocution, or lllcchol or drug withdlawal. IDI'erior 
dislocations are extremely uncommon and are known as traumatic luutlo 
ereda (Fig, 7-13). Mllltidirectional ilultJbi1ity refers to instability of the shoul­
der ill JDDie than one direction (cbaraclerlJtk:ally antcrior, posterior, and inferior 
instability) and is usually associamd with constitutional ligamentous laxity. 
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FIG. 7·11 Anterior glenohumeral dislocation. 

Glenohumeral dislocldiou are fmthcr classified as acute, chrcmic, or re­
current. Amte dlslocatlcms are diagnosed within the first 2 weeks after injury. 
Chrome dflloeatloas are diagnosed after 2 weeks, either because the dis­
location wu miaaed by the phyaician initially or due to delayed presentation 
by the patimt. The elderly and patienu with posterior dislocations are at risk 
of substantial delay before the diagnosia ia made. Instability may become 
reeurreat if the shoulder n:peatedly resubl.uxates or redislocates following 
an initial episode of inlltability. Anterior dislocations in the young are partic­
ulady at risk of Ibis complication. 

Instability may be classi1iecl according to its degree into dJ&IocatloD (com­
plete ctissocia1i.cm of the lwmmd bead from the gle110id), subluulioa (ex­
cessive symptomatic tranalation of the humeral head ou the glenoid), and 

FIG. 7·12 A. Posterior glenohumeral dislocation. 8. Superimposition of 
humeral head on glenoid Indicates posterior dislocation. C. Computed tomog­
raphy indicates bilateral posterior fracture dislocations of the shoulder. 
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FIG. 7-13 Luxatio erecta, or an inferior glenohumeral dislocation. 

miaoiDstability (iDitability produced by acquired laxity of 1he shoulder, 
cau.sed by repetitive movements, particularly in the throwing lllhlem; dUs form 
of imtability oftml pmseDts with pam ratha- thaD iDitability when the 111111 is in 
the provocative position for inatability). 

Jmtability may also be classi1ied acconliDg to wbctha' or not it is Ulldcr vol­
UDtary controL Velmttuy dJsloc:atlan is prodnc:ed willfully, umall.y by emo­
tionally disturbed individuals who dislocate a shoulder for the sake of sec­
ondary gain. In the majority of patients, dislocation is not under voluntary 
CODirol and occurs acc:idmtally (iDvelmttuy iallability). 

Glenohumeral dislocations are classified according to their etiology as being 
I:EaiJJIIatK: or lltDIJIDalic. A traumatic dislocation occurs fo1lowmg injury to the 
ahoul.del', wbe:rea8 atnnmudk: instability develop~ more insidiOIJSly and is usu­
ally associated with a degn:e of constitutional ligamentous luity. In these 
patients there ill oftm. evidence of instability in other joints, and the shoulder 
instability is oftml bilateml.llld multidirectioaal.. 

AsiOdatecllo,Jurlu 

Injuries associated with tmumatic di&location& include i':raduRs, rotator cuff 
tears, nerve injuries, aDd, rarely, atmrial disruption. Fractures rommonly asso­
ciated with gleoolmmeral dislocaticma include tuberosity f:ractums and f:ractums 
of the glelloid rim. Fractures of the surgical or anatomic neck of the llumerus 
may occur in association wi1h a dislocaticm, but they are best considered with 
odler prollimal humeral fractures (see Part I of this chapter). All of 1hese asso­
ciated injuries are mce common in ~aged and elderly patients. 

Careful review of 1be radiographs is required to determine the presence of 
fractures. It is important to be aware of the poaaibility of an nndisplaced frac­
ture of the humeral neck, which may dispWle duriDg attempted reclucti.on of 
the dislocation. In this situatiou, to minimize 1he probability of displac:emmt, 
recluctioD is performed UDder general anesthesia with muscle relaxation and 
ia m.cmitced 11uorosc:opically. 

Fracture of more than 25% of the antaoinferior glelloid rim may result in 
arute m:nr:rent instability and may n:quire acute open mlucti.on and internal 
fiuti.on. 1he BID-Sadullesloa is an osteochondral fracture of the posterior 
surl'KC of 1he llumeral head prodooed by its impaction on the gleDoid during 
an anterior dislocaDoD. Wid!~ this lesion progressively enlarges and 
is pathognomonic of recmrent ttaumatic:: instability. A reverse Hill-Sachs 
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lesion is the corresponding lesion of the anterior part of the humeral head, as­
sociated with a posterior dislocation. 

Both displaced fractures of the tuberosities and rotator cuff tears undermine 
the function of the rotator cuff muscles; they may lead to chronic pain and 
shoulder weakness if neglected. Suspicion of a rotator cuff tear is raised by 
positive findings on physical examination (inability to initiate abduction of the 
glenohumeral. joint and specific weakness on selective testing of each muscle). 
The diagnosis is confirmed by arthrography, ultrasound, or MRI scanning. All 
significantly displaced tuberosity fractures and conlinned rotator cuff tears oc­
curring after a traumatic dislocation should be treated by surgical repair in 
medically fit patients. 

The neurologic injury most frequently associated with glenohumeral dislo­
cation involves the axillary nerve, although injury to the entire brachial plexus 
or other individual nerves, trunks, or divisions may occur. Injury to the axil­
lary nerve is confumed by the presence of hypoesthesia in the cutaneous dis­
tribution of the nerve (the "sergeant's badge area") and lack of voluntary con­
tractions of the anterior and middle portions of the deltoid muscle. It is a 
mistake to assume that weakness of the shoulder following a dislocation is 
due entirely to an axillary nerve palsy; a concomitant rotator cuff injury must 
always be suspected and treated if present. Most dislocations with closed nerve 
injuries will be treated expectantly; the prognosis for recovery following an iso­
lated nerve injury is usually better than when a more proximal plexus lesion is 
present. 

Axillary artery injury is very uncommon and more likely to occur fol­
lowing a high-energy injury, in older patients, and in association with a 
brachial plexus injury. Physical signs include an expanding hematoma in the 
axilla and absent pulses at the elbow and wrist. Rupture of the axillary artery 
is an absolute surgical emergency. 

Diagnosis and Management 

Acute (first-time) dislocations. HISTORY AND PHYsiCAL EXAMINATION. A clear 
history of when the injury occurred and whether there have been previous 
problems with instability must be determined. Traumatic anterior dislocation 
typically results from a contact sports injury or simple fall, whereas acute pos­
terior dislocations result from either high-energy injury, an epileptic or hypo­
glycemic fit, alcohol or drug withdrawal, or electrocution. Any patient with 
shoulder pain following a ''blackout" should have a posterior shoulder dislo­
cation specifically excluded. 

Acute traumatic dislocations are typically painful and the patient is usually 
reluctant to move the ann. Anterior dislocations are recognized by "squaring 
off' of the normal deltoid profile, while posterior dislocations are associated 
with a fixed mechanical block to external rotational movements of the arm. 
The physical examination of the patient with luxatio erecta is dramatic, with 
the humerus locked in greater than 90 degrees of abduction. 

RADIOGRAPHIC ExAMINATION. Radiographic examination of the injured shoul­
der confirms the direction of the dislocation and delineates any associated 
fractures. The patient with a glenohwneral dislocation is unable to move the 
arm so that a true axial view of the shoulder may be obtained. Therefore, in ad­
dition to the standard anteroposterior radiograph in the transscapular plane, a 
"modified" axial or Velpeau view, taken with the arm in a sling, is essential 
to confinn the diagnosis (Fig. 7-14). 
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FIG. 7·14 Modified radiographic axial view (Velpeau view). 

Specialized imaging. in the fonD of cr, MRI, or ul11uound, may be uaeful 
to delineate the nature and extent of Ullociated soft tissue injuries. 

Initial~. Acute dislocations sbou.ld be redDced. under sedation. B 
is bDportaDt to clocumalt the pmlC21CC of any DCUroVucular injmy prior to any 
attempted manipulation. Prior to reduction, venous access is established, the 
patiCDt is seclab:cl. and iDbavenous lllllllgesics ue administeml. The reduction 
IDalll:UVer used is detmnined by the type of dislocation. Anterior ctisl.ocations 
ue reduced wid! straigbt traction in 1in.e with the humeiWI. Gentle iDtmJal. and 
exmroal. rotati.oD of the arm will relocate the humeral head. Co11Dfeltr8ction is 
applied by an assistant using a sheet wrapped around the patient's chest. The 
traction is firm and consistent. It is important not to attempt to force the 
humcnl head back into phwc, because Ibis will mrult in muscle spum, ~~~liking 
reduction more difficult and trlllllnldic. Other melbods of reduction of anterior 
dislocations that bear mention include Stimson•s medlod and the Hippocratic 
method. Stlmsoa's method involves haoging S to 10 lb of weight from the 
arm of the prone patient. After 10 to 20 min. gentle intmnal and extmnal ro­
tation of the ann will relocate the humeral head. Stimson's method is nseful as 
a last :resort for dislocations that ue difficult to reduce by other methods. The 
Rlppoeratle method involves applying l.aferal tradion through the arm and 
countemaction by placing the foot in the axilla. 

Posterior dislocaaioDS are redw:ed. with gentle traction, with pressure over the 
front of the humcnl head. to disengage the eugaged awCliiC Hill-8acha lesion. 
Following disengagement, the shoulder can usually be reduced by gentle ex­
temal rotation of the 81111. LUDtio eftda is mJuced with 1Iacti.on along the line 
of the arm, bringing it down to the side fmm its fixed abducted position. 

Following reduction of the shoulder, a focused n:examination is perfonned 
to assess the inmgrity of the axillary DelVe and rotator cuff. Repeat ndiographs 
ue obtained to CIISIIIC the adequacy of mluctioa. The shoulder is immobilized 
in a sling, with the arm intemally rotated and in neutral fl.eximlabcluction. Un­
complicated anterior dislocations ue usually stable in this position. al1hougb 
rarely acnw instability may be caused by a large glenoid rim fracture. In these 
ciicumstances, the fral:tme should be ~Rated by acute open mluc1ion and in· 
temal. fiDiion to stabilize the llhoulder. Posterior dislocations are otU:o unstah1e 
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after reduction due to reengagement of the reverse Hill-Sachs lesion in the sling 
with the arm in intemal rotation. The treatment options in this situation include 
either immobilization of the shoulder in a position of external rotation or an 
acute stabilization procedure to address the reverse Hill-Sachs lesion. This may 
include either transplantation of the subscapularis tendon into the defect 
(McLaughlin procedure) or bone grafting of the defect with an allograft. These 
procedures should be perfonned by an experieru:ed shoulder surgeon. 

Most acute shoulder dislocations are treated by immobilization for the first 
3 to 4 weeks in the sling, followed by a program of active physiotherapy to 
reestablish range of motion and strengthen the musculature of the shoulder 
girdle and rotator cuff. 

AwuNCTIVE TREATMENT. Associated fmctores and rotator cufflesioos, typically 
in the middle-aged and elderly patient, should be treated on their merits as 
described above. Recurrent instability of the shoulder may be prevented by 
an acute arthroscopic Bankart repair to reattach the anteroinferior glenoid 
labrum within the first few weeks following an acute first-time anterior dislo­
cation. The evidence suggests that this may reduce the risk of recurrent insta­
bility from approximately 75% down to 15% in individuals below 30 years 
of age. TIIis procedure requires considerable expertise. 

Recurrent instability. Recurrent instability, in the form of recurrent sublux­
ation or dislocation, is usually a complication of an initial traumatic anterior 
dislocation, though recurrent posterior instability is being increasingly diag­
nosed and treated. 

HISTORY AND PHYSICAL EXAMINATION. The clinical assessment of the patient 
presenting with symptoms of recurrent shoulder instability is primarily di­
rected toward identifying those individuals with predominantly traumatic in­
stability, who would benefit from surgical treatment. The acronym TIJBS­
for traumatic, typically wrilateral, with a]lankart lesion, and usually requiring 
.§.urgery to stabilize the shoulder-can serve to identify such cases. These pa­
tients must be distinguished from those with predominantly atraumatic or 
voluntary instability, who are best treated nonoperatively in the first instance. 
The acronym AMBRI-for _g,traumatic, multidirectional, commonly .hilateral.. 
treatment by rehabilitation, and inferior capsular shift in some refractory pa­
tients-may be useful here. 

Details about the onset, duration, and frequency of the symptoms should 
be sought in the history. Physical examination should include screening for ev­
idence of generalized ligamentous laxity and the use of provocative tests to de­
fine the direction and extent of instability. 

RADIOGRAPIHC ExAMiNATION. A plain radiographic series is useful in delineat­
ing any associated bony pathology, including glenoid rim and humeral head 
defects. Further specialist radiologic investigation, examination under anes­
thesia, or diagnostic arthroscopy may be used for patients in whom the precise 
diagnosis is in doubt. MRI of the shoulder is superior to CT in the assessment 
of shoulder instability owing to the better definition of soft tissue provided 
byMRI. 

MANAGEMENT. Patients with atraumatic shoulder instability should be treated 
by an intensive 6-month course of physiotherapy, concentrating on proprio­
ceptive exercises and rotator cuff strengthening. A small minority of these 
individuals who fail to adequately stabilize their shoulders on this regimen are 
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treated with a Neer inferior capsular shift procedure to retension the antero­
inferior capsule and reduce the overall joint volume. 

Emotionally disturbed patients may learn to dislocate a shoulder at will for 
secondary gain; it is important not to make the mistake of treating these pa­
tients by way of a surgical stabilization procedure. Psychological counseling 
is the mainstay of treatment for these individuals. 

Most patients with recurrent anterior traumatic instability are best treated by 
a surgical stabilization procedure to repair the Bankart lesion to the decorticated 
glenoid rim (Bankart repair), combined with a procedure to retension the re­
dundant, stretched anteroinferior capsule-ligamentous complex. by advancing 
it superiorly in a capsular shift procedure. These procedures have traditionally 
been performed at open surgery, through a deltopectoral approach, with a high 
degree of success (typically with a less than 5% failure rate). Increasingly 
nowadays, these procedures can be carried out arthroscopically, although the 
expected failure rate by that technique is slightly higher. 

Recurrent posterior shoulder instability is commonly associated with con­
comitant inferior or multidirectional instability. The results of surgical stabi­
lization have previously been poor for this condition. However, there is evi­
dence that targeted "lesion-specific" surgery, along similar lines to the treatment 
of anterior instability, particularly when performed arthroscopically, may be 
associated with a higher success rate. 

Chronic dislocations. Most dislocations that present late occur in elderly pa­
tients and many of these are posterior in direction. The management of these 
injuries depends on the activity and health of the patient, length of time that 
the glenohumeral joint has been dislocated, and size of associated humeral 
head defect. Nonoperative treatment is usually preferred if the patient is inac­
tive or a poor surgical candidate. Despite the chronic dislocatio~ the patient 
will regain a surprisingly functional, pain-free shoulder within the limited 
expectations in these circumstances. 

Operative treatment is indicated for all younger patients with chronic dis­
locations, especially when the dislocation is less than 6 weeks old and the 
humeral head defect involves less than 50% of the articular surface of the 
humeral head. In these circumstances, closed reduction may be attempted, 
but often an open reduction is required to disengage the humeral head defect 
from the glenoid rim. Ancillary stabilizing techniques, including soft tissue re­
balancing and bone grafting of the humeral head defect, are often required to 
stabilize the shoulder following open reduction. 

When the dislocation is more chronic and the defect involves more than 
50% of the articular surface of the humeral head, a total shoulder ar!hroPlasty 
or hemiarthroplasty is usually the best surgical option. 
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8 Fractures and Dislocations 
of the Clavicle and Scapula 
John A Elstrom 

This chapter reviews fractures of the clavicle, injuries of the sternoclavicular 
and acromioclavicular joints, and fractures of the scapula. 

ANATOMY 

The clavicle is the strut that connects the upper extremity to the chest. It sta­
bilizes and serves as a fulcrum for the scapula. Without the clavicle, contrac­
tion of muscles that cross the glenohumeral joint (e.g., the pectoralis major) 
would pull the proximal humerus to the chest instead of lifting the arm. 

The clavicle is S-shaped when viewed from above. The flat acromial end 
is covered by the deltoid origin anteriorly and the trapezius insertion posteriorly. 
The round sternal end gives rise to the origin of the pectoralis major anteriorly 
and the sternocleidomastoid posteriorly. 

The scapula is a fiat, triangular bone located on the posterior aspect of the 
chest. It has three bony processes: the COiaCOid process; the spine; and the con­
tinuation of the spine, the acromion. It has two articulations: the acromiocla­
vicular joint and the glenohumeral joint. The scapula is buried in muscles. The 
costal, or anterior, surface is covered by the subscapularis muscle. The poste­
rior surface is covered by the supra- and infraspinatus muscles. The spine is 
the origin of the posterior deltoid and the insertion of the trapezius. The short 
head of the biceps, the coracobrachialis, and the pectoralis minor originate 
from the coracoid process and insert on it. The IIapezius and levator scapulae 
elevate the scapula. The serratus anterior moves the scapula anteriorly, hold­
ing it against the chest wall. Paralysis of the serratus anterior results in "wing­
ing" of the scapula. 

The acromioclavicular joint is a diarthrodial plane joint. Its articular sur­
faces are covered by fibrocartilage and separated by a meniscus. The joint is 
stabilized by weak acromioclavicular ligaments, the deltoid and trapezius 
muscles, and the coracoclavicular ligaments (i.e., the IIapezoid and conoid lig­
aments). Disruption of the acromioclavicular capsule increases joint transla­
tion in the anteroposterior plane; the coracoclavicular ligaments are more ef­
ficient in resisting superior displacement. The range of motion through the 
acromioclavicular joint is 20 degrees, with most of it occurring in the initial 
30 degrees of shoulder abduction. 

The sternoclavicular joint is a diartbrodial saddle joint. Its surfaces are 
covered with fibrocartilage, and the joint is completely divided by an articu­
lar disc. This disc attaches to the articular border of the clavicle, first rib, and 
joint capsule. The sternoclavicular joint is strengthened by anterior and poste­
rior sternoclavicular ligaments, the interclavicular ligament running between 
the clavicles behind the sternum, and by the costoclavicular ligament running 
between the first rib and the clavicle. The clavicle abducts or elevates about 
40 degrees through the sternoclavicular joint. This motion occurs through­
out shoulder abduction up to 90 degrees. The medial physis of the clavicle 
fuses around the age of25 years; therefore, epiphyseal separations rather than 
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troe stemodavic:ular dislocations occ:ur in patients below 2S yean of age. 
This ill important, because phyaeal injuriea will remodel and joint disloca!iODll 
will not. 

Behind the stmnoclavicular joillt are the major blood vessels, the trachea, 
and the caophagus. The brachial plexus md subclaWlll arteJy continue later­
ally, posterior to the clavicle, passing over the rust rib, md mterior to the 
scapula just distal to the cotai:Oid. Tbe costoclavicular space may be decreased 
by a fracture of the first nb or medial portion of the clavicle, resultillg in acuce 
ueurovii8CIIl.ar injmy or late compression. The uillaly nerve paases below 
the neck of the glenoid and ill frequently injured in shoulder dislocaliODll. The 
supiaSCapu]ar DCrVe passes tbrough the scapular notch medial to the base of 
the coracoid under the tranaverse scapular ligament. It continues distally 
through a fibroosseoiiS tunnel (spiuoglenoi.d notdl) fonned by the scapular 
spine and the apinoglenoid ligament to end in the .infraspinams m.uscle. 

FRACroRES OF THE ClAVICLE 

ClaNIEattoa 
Clavicular fractures are cla5sified aooording to localion aa distal-, mi.ddle-, and 
proximal-tbinl fractures. Tbe mechanism of injury ill either a direct blow or an 
axial load resultillg from a fall or blow on the laleral aspect of the shoulder. 

DJstal-thJrd fraduns are further claasified into three types (Fig. 8-1). 
Type I fractures are the most common and occur between intact coracocla­
vicular and acromioclavicular ligaments. The ligaments hold the fragments 
in alignment. Type II fracturea are c:haracte:rized by disruption of the COl'IICO­

clavicular ligaments. The weight of the ann pulls the distal f'l:agmalt inferi­
orly, and the trapezius and stmuocleidomastoid pull the proximal fragment su­
periorly. Type m fractures are illtraarticular, usually undisplaced, and 
frequently become aymptomatic yeaJB lata as posttnmmalic arthritis. 

Mldclle-tlltrd lraetures are the most common t,pe of clavicular fracture. 
The proximal fragment ill displaced superiorly by mnl!cle pull; the distal frag­
ment is displaced inferiorly by the weight of the arm. 

Fradures of the prulmal tblnl of the clavicle, excluding injuries of the 
stemoclavicular joint, are uncommon and frequently pathologic. 

FIG. 8·1 The three types of distal clavicular fracture: (A) type I, (B) type II, 
and (~type Ill. 
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Dlagno&fa aadlaltlal.Maaagemnt 
History IINl Physicol ExaminiJiion 

The clavicle is subcutaneous; therefore swelling and ddormity are obvious, 
and teDdcmesa 011 palpation ft'Veal& the site of 1he injmy. 

Rodiographic ExamiMtimt 

Radiographic confinnati011 and evaluation offradures of the clavicle are done 
wilh ~and45-degree cephalic dlt views with lhepaliaJtupright. 
Radiographs of proximal-third fractures may occasionally have to be ang­
mented with computed tomography (CT). ID fractures of the distal third of 
the clavicle antaopostcrior, rediographs ofboth acromioclavicl11ar jointll with 
the use of S- to 10-lb weights are obtaiDed to detmnine the Pft'seJWe of liga­
mentous dismptiou. 

Initial Mtmagemenl 

IniliallllliDllgCIDmt coasists of a sliq. 

AsiGdablcliDjuriu 

AssocWcd injuries to the chest, brachial pkmls, and major vessels are mled 
out by histmy and physical ex.amiDation. Viscend injmy is associated with 
high-energy tiauma, an open fractunl, and fractuRI of the fiist rib or acapu]a. 
Scapulotboracic dissociation is a devastating injury associated with clavicular 
fracture or dislocation. The diagnosis is confimled by lateral displacement of 
the scapula, with an aasocialed injmy of the clavicle, acromioclavicular joint, 
or slerOOCiavicublr joint 'Ibm is frequently an associated injury of the bracbia1 
plexus or axillary artery. Complete brachial pkmls injmy is an iDdication for 
primary abov~elbow amputation. Amlaey artery disruption can be managed 
by prompt vascular surgical Jqlllir. 

Jpsilateral fradure ofdle clavicle (or acromioclavicular separation) associ­
ated with an extraarticular fracture of the glenoid neck results in a "floating 
shoulder" (Fig. 8-2). 

FIG. 8-2 Roating shoulder. (Courtesy of Dr. Ene6 Kanlic.) 



88 HANDBOOK Of FRACIURES 

Definitive Maugemeat 

Open reduction and internal fixation of l'racturel of tbe distill tldrd. of the 
da.tde is illdicated if there is superior displacement of the proximal frag­
ment due to diaruption of the coracoclavicular ligaments or there is intra­
articular displagement Type I and undisplaced type m distal clavicular frac­
tures arc IDliiillged symptomatically with a sliug. The ~of-eight splint 
has 110 value Cor fracturea of the distal third. Type n distal clavicular fl:actuml 
and the rare di8pW:ed type m fractures arc IIW!llged with open reduction and 
illtemal fixation. The distal clavicle is exposed through an illcision over its 
anterior IUbcutaneous border. The fracture is stabilized with aT (or one-third 
tubular) plate. Type n fractures of the distal third of the clavicle treated non­
operatively arc associated with a high rate of sympiDmatic nonunion (Fig. 8-3A 
and B). 

Fractures of tbe middle IIDd pruimal third of the clavicle arc treated 
wid1 manipulative reduction and immobilization with a figure-of-eight splint 
thai holds the shoulders donally. The splint is applied and tightened with the 
shoul.ders retracted. It will stretch and lc:men; therefore it must be tightened 
eVeJY moruiug for die first few days. A sliug supports the IIDil the first week. 
After 4 or S weeks, fracture healing has usually progreased to the point where 
immobilization is no longer required. 

llldicati.ons for primary open reduction of mi~ and proximal-third cla­
vicular fractures illclude the threat of skin penetration by fracture fragments. 
iDitial ~ aholteDiq of2 em or meR, imducible dUplacauent (e.g., but­
tonholing of the proximal fragment), neurovascular compromise, open frac­
tures, and frequently fractures associated with other injuries of the shoulder 
girdle (e.g., displaced extraarticular fractures of the glenoid neck and scapu­
lodloracic dissociation). Exposure of die clavicle is through an .incision along 

FIG. 8-3 Type II fracture of the distal clavicle treated by open reduction and 
Internal fixation. 
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the superior surface of the clavicle. A 3.5-mm.limited-c:oJdact dynlllllic com­
pression plate with a minimum of six holea ill contoured and placed on the 
flat superior surface of the clavide . .Autoaenous caDCellous grafting is required 
with exten&ive comminution, devitalized bone fragments. or loss of continuity. 
Postopaati.vely, tbe ann i11 supported in a sliDg until callus Com!ation becomes 
evident at about 4 weeks. 

Complh:atiou 

Compliadimls consist of nonuoiDn, malunion, and neuroVBSCUiar compromise. 
Nolllllliou of f'rlK:tuies of the middle tbiJd of the clavic:lc OCCIIIII m.oie ~ 

quendy following high-emergy injmies. Atrophic nonunions are radiograpbi­
cally obvious. Tomography or fluoroscopic examillation may be requiml to 
demonst:nlfe die more common hypcrtmphic nonuoiDn. Management of symp­
tomatic nommiona includes opm m1uction, int.emalfixation, and bone grafting 
(Fig. 8-4). 

Malunioa of~thiid clavicular fractures is fteqUCDt and usually a c:os­
metic problem usociamd with shortening of the shoulder gini1e and infcri.or 
displacement of tbe shoulder. Shoulder pain and wcalmeas are bqucntly as­
sociamd. Symptomatic shormning or angulation resulting in tenting of the skin 
is lllliDIIgecl with osteotomy, with internal fixati011. to IeStote clavicular lcng1h 
and bone grafting. 
N~complications mmltfmmdispl.Kemeutofthe fl:ac1:ute frag­

ments at the time of injury, from associated injuries (e.g., first rib fradure), 
and from late sequclac associated wid1 hypeltrophic callus or shortening of the 
clavicle. Dysesthesias on the ulnar side of the band and forearm as well as 
weakness and pain in the involved shoulder brougbl on by prolonged activity 
suggest a thoracic oudet syndrome and must be differentiated from symp­
toms associated with a hypmropbic nonunion. Provocative testing. angiogra­
phy, electromyognphy, and cr are useful in~ the presence of neu­
rovascular compromise. CoiiCCti.ve osteotomy to restore clavicular length 
and resect hypc:rtrophic callus may be required. 

Subclavian vein obslmction between the clavicle and lint rib is character­
ized by prominence of the veins in the ipsilaferal. upper eDremity. 

FRACTURES OF 'DIE SCAPiliA. 

Fractures of the scapula are rare and often associated with other severe in­
juriea. As a result, nearly SO% of injmies are overlooked initially. 'lbe most 
COIIIIIIDD associated injury i11 fractuR of the ipsil.ateJal ribs, with hmwpneu­
mothorax oc:cuning in approximately onc>tbird of high~ injuries. 

FIG. ~4 Nonunion of the clavicle. 
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cta.alficaUoa 
The InOBt important factor in classifying a scapular fracture is whether it was 
caused by high-energy (e.g., an automobile accident) or low-energy (e.g., 
avulsion of a muscle insertion) trauma. Comminution and displaooment, the 
''burst fracture." indicate high-energy trauma. Scapular fractures are further 
classified according to the location: fractures of the body and spine. the gle­
noid neck (extraarticu1ar), the IWmDii.on. the coracoid process, and 1he glenoid 
(intraarticular). Intraarticular fractlm:B of the glenoid are subdivided into 
undisplaced and displarerl fractures. Displaced fractnres are simple (i.e., part 
of the glenoid is intact) or complex (i.e., the entire articular surface of the 
glenoid i11 liilctiJmi) (Fig. 8-5). 

Dlagaoala md IDIIW Man•gement 

Hi.swry und PhysicoJ &ominolion 

Pain is localized in the shoulder and back. The ann is adducred and protected 
apinst motion. Ecx:hymosis and swelling are minimal due to the loca1ion of the 
scapula beneath layem of muscle. Loss of active abduction and forwmdelevation 
of the Bim,lmown as pseudoparalysil of the rotator cuff, is often UBociated 
with scapular fmdnre and is the result of intramuscular hemorrhage and pain. 

Radiogmphic Exomillation 

Radiographic evaluation of the scapula includes true anteroposterior and lal:­
eral views of the scapula and an axillary view. The anteroposterior view of the 
scapula will show fractures of the glenoid and glenoid neck. Lateral scapular 
views show fracture~ of the acapular body and IWmDii.on. 1be axillary view 
will show liactules of the coracoid and glenoid. Magnetic n:I50DllllCC imaging 
(MRI), CT, and anteroposterior and IIW:ral chest radiographs provide addi­
tional informalion. 

FIG. 8-5 The six types of scapular fractures: (A) fracture of the body, (B) 
extraarticular fracture of the neck of the glenoid, ( q fracture of the acromion, (D) 
fracture of the coracoid, (E) simple fracture of the glenoid, and {F) complex 
fracture of the glenoid. 
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Initial Management 

The initial management consists of a sling. 

Associated Injuries 

The most important factor in the initial management of scapular fractures is 
their frequent association with life-threatening visceral injuries. The most 
common associated visceral injuries include hemopneumothorax, pulmonary 
or cardiac contusion, aortic tear, brachial plexus injury, axillary artery injury, 
and closed head injury. The most common associated osseous injuries are 
fractures of the ribs and clavicle. Fracture of the first rib is frequently associ­
ated with injury of the brachial plexus and subclavian vessels. 

Definitive Management 

Management of fractures of the body and spine is usually nonoperative. The 
muscles surrounding the scapula prevent further displacement. A sling and ice 
are used for the first few days to control pain. As the pain subsides, pendu­
lum exercises in the sling are initiated. Healing is rapid; usually, active motion 
can be initiated after 4 weeks. Burst fractures with proximal displacement of 
the lateral margin of the body may impinge on the glenohumeral joint capsule. 
When this occurs, the fracture is reduced and stabilized or the offending bony 
spike is osteotomized. 

Extraarticular fractures of the glenoid neck are the second most com­
mon type of scapular fracture and occur when the humeral head is driven into 
the glenoid fossa. A CT scan may be necessary to confirm that the fracture 
does not involve the joint. Reduction is not attempted. The arm is supported in 
a sling, and management is as described for fracture of the body and spine. 
The prognosis is good for near full return of function. 

Fractures through the neck of the glenoid with an associated clavicular frac­
ture (floating shoulder) are unstable because of loss of the suspensory function 
of the clavicle. The weight of the arm pulls the glenoid fragment distally, re­
sulting in deformity and ultimate loss of function. Open reduction and internal 
fixation of the fractured clavicle has been recommended but is controversial. 
Open reduction and internal fixation of the glenoid neck fracture through a 
posterior approach, as described by Brodsky eta!. (1987), wi1h 1he patient in 
the lateral decubitus position, may also be required (Fig. 8-6). Postoperative 
radiographs of such a patient are shown in Fig. 8-2. 

The acromion is fractured by a direct blow from the superior aspect or by 
superior displacement of the humeral head. Stress fracture results from supe­
rior migration of the humeral head due to a long-standing rotator cuff tear. A 
stress fracture, therefore, may be an indication for MR.I with intraarticular con­
trast to evaluate the rotator cuff. Depression of the acromion is associated with 
traction injury of the brachial plexus. Care should be taken not to mistake a 
bipartite acromion (os acromiale) for a fracture. 

Minimally displaced fractures of the acromion are treated conservatively. 
These are followed closely for the first 3 weeks because they may displace. 
Significant displacement impairs glenohumeral motion because of impinge­
menton the rotator cuff. Displaced fractures are managed with open reduction 
and internal fixation with a screw or tension-band wire. 

Isolated fracture of the coracoid process results from a direct blow, avul­
sion by muscle pull, or stress (i.e., "trap shooter's shoulder''). Fractures occur 
through 1he base or 1he tip. When minimally displaced, 1hey heal uneventfully. 
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FIG. 8·6 Postoperative radiograph of the palientshown in Fig. 8-2. (Courtllsy 
of Dr. Enes Kanllc.) 

Displaced coilWDid fractures occur in COIIIbD1ation wi1h an acromioclavic­
ular dislocation. 'lbe coracoid is avulsed from the scapula by the coracocla­
vicular ligameDts. Management is open reductiOil and fixation or 1he coruoid 
with a liDgle sc:rew and temporary transarticular fixation or the acromi.ocla­
vicular dislocalion. DisplacemeD1 of the coracoid can cause compression of 
the suprascapular nerve md paralysis or the extcmal rotatmll of the moulder 
(i.e., the supraspjnatus md .i.Dfraapinatus). When this occun, open Rlduction 
and fixation or the coraroid and decompre8aion of the nerve are indicaled. 

The ~ofbdnarllculartradunsofdae BleDotd is bued 011 the 
lliDOllllt of displacement, the type of frac:lure, and the presence of glenobumeral 
instability. 

Undisplaced fractures are managed with a sling and immobilization as 
described for &actures of the body of the scapula. DispW;ed simple fractures 
(3 mm or more) are lllliDllged with open reduction and intemal fixation. The 
degree of CODgruity of the articular surface is determiDed by mteroposterior, 
glenoid tangential, and axillary radiographs md cr. Instability of the gleno­
humeral articulation is expected when the fragment is displaced 1 em and 
when the fragment comprise& one-fourth of the articular sulface. Frequmdy, 
subluuti.on will be evident on the initial Iadiognphs. AD auterior approach 
through the deltopec:toral interval is used to expose fracturea of the anterior 
glenoid rim only. Tnmsveue. vmical, and minimally comminuted fractures 
where reduction and fixation can be obtained should be approached posteri­
ady, as described by Brodsky et aL (1987) md Kavanagh et aL (1993). Poste­
rior expcliiUJe is accompliahed with the patient prone or in the lateral decubitus 
positioo. Through a vertk:al iDcisioD, 1he posterior deltoid is mobilized either 
by abducting the mn or by a limited release from the scapular spine, and the 
interval between 1he infraspillatus and teres minor is developed to expose the 
fracture and posterior capsule. 'lbe axillary nerve and posterior circumflex 
humeral vessels are idelllified and protected, as is the suprascapular nerve. Ad­
ditional exposure may be obtained with a vcrtic:al incision through the tendi· 
nous portion ortbe infraspinatus :muscle. Large fragments are reduced and sta­
bilized with sc:rew& or platea. Kirsdmer wires and cerclage wires may break or 
migrate and are not used. ID severely comminuted fractures, the frapents 
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are excised and replaced with an iliac crest bone graft contoured to the shape 
of the osseous defect and fixed to the glenoid with screws. Alternatively, if the 
fracture involves the anterior rim, the coracoid process is osteotomized and 
transferred to the defect 

Complex fractures of the glenoid pose special problems. The surgeon must 
decide whether an extensive surgical procedure will result in a :reduced stable 
glenoid; if not, closed management is indicated. These fractures can be diffi­
cult to manage surgically because the necessary exposure is extensive. Post­
operative management depends on the stability of fixation and the surgical ap­
proach. Ideally, early passive motion becomes possible. 

Closed management consists of an initial period of immobilization followed 
by early range of motion to mold the articular fragments into as normal a po­
sition as possible. The optimal position and type of immobilization are deter­
mined by comparing anteroposterior and axillary radiographs of the gleno­
humeral joint with the arm at the side and in various positions of elevation and 
rotation. Immobilization may be in the form of a sling and swathe, traction, 
or an airplane splint. At 3 to 4 weeks, healing has progressed to the point that 
immobilization can be discontinued. Range of motion is continued in a sling 
for an additional 3 to 6 weeks. Between 6 and 9 weeks, the sling is discontin­
ued and active range of motion is initiated. 

CompUcatloDJ 

Complications of scapular fractures include chronic glenohumeral instability, 
posttraumatic glenohumeral arthrosis, rotator cuff injury, and impingement. 
When these complications occur, conservative management with nonsteroidal 
anti-inflammatory drugs, physical therapy, intraarticular steroid injection, or a 
surgical procedure to address the most important pathology can be considered. 

MRI with intraarticular contrast and CT can be used to substantiate a clini­
cal diagnosis of rotator cuff tear, impingement syndrome, or glenohumeral 
arthrosis. Rotator cuff repair, decompression of impingement on the rotator 
cuff, and replacement arthroplasty would be the major surgical options for 
usual complications. Arthrodesis would be indicated rarely in those instances 
when posttraumatic glenohumeral arthrosis is associated with neurologic 
deficit from axillary nerve or brachial plexus injury. 

STERNOCLAVICULAR JOINT INJURIES 

Classification 

Injuries of the sternoclavicular joint are classified as sprains or dislocations. 
Sprains are undisplaced. Dislocations are anterior or retrostemal. 

Diagnosis and Illitlal Management 

History and Physical Examination 

A history of injury, pain, and asymmetry of the sternoclavicular joints are the 
cardinal signs of this injury. The patient supports the injured extremity and 
tilts his or her head toward the affected side. Pain and swelling without injury 
may be signs of osteoarthritis or septic arthritis of the proximal end of the clav­
icle. Spontaneous atraumatic anterior subluxation occurs in young patients with 
ligamentous laxity and is managed conservatively. In patients below 25 years 
of age, epiphyseal separation must be differentiated from dislocation. 



94 HANDBOOK Of FRACIURES 

IWdiographic E.icamination 

Routine antaopoatcrior radiographs of the stcmoclavicular joint an: not di­
agnostic. Two projections designed to show sternoclavicular joint dislocation 
an: tbe Hobbs view and the Rockwood ~cw. In 1hc Hobbs view, the seated pa­
tient leans forward over a cassette so that 1he back of the neck is parallel to 
the table. The beam is clncted 1hrough the DeCk onto 1hc cassc1tc. In 1hc Rock­
wood view, the pa!ient is supine. The beam is tilted 40 degrees cephalad and 
aDncd at the slmnum. A cassette is placecl on the table so tbat the beam will 
project both clavicles onto the plate. In an anterior stemoclavicular dislocadon, 
the clavicle appears to be amerior and riding higher than that on the unin­
jured side (Fig. 8-7). In a retrosu:mal. dislocation. the clavicle appears to be 
posterior and is IDwer than that on the uninjUied side. cr scans ~de a mme 
acc:uram assessment of the injury (differentiaaing sternoclavicular disiDca!ion 
from f:ractun: of the medial end of the clavicle) and the adequacy ofmluction 
(Fig. 8-8). 

Initial Management 

Inilial management ccmsi.8ls of a sling. Tbe patieDt is obsencd for respiratmy 
and ciJcu1afory problems. 

AsiGdaW lajuriu 

Compression of the slluctuRis of the superior .mcdiasliDium may occur with 
posterior dislocation and should be specifically ruled out. Acutely, this may be­
come lif~threatening; subacutely, it is an indica!ion for surgay. SymptoJDB 
of compreaaion of these atructurea include sborloess of breath and hoarseness, 
dysphagia. parestbe&ia. or weakness of thc upper eldlemity. Ommic thoracic 
outlet syndrome with aymptoma of dysesthesias and ischemia is associated 
wid! pllllor and VCDOWI promiDencc of tbe involved cxlmnity whm placed in 
a position of 90 degrees of abduction and extemal rotati011. 

DeUltive .llfaugemeat 

Sprains of the sternoclavicular joint are treated symptomatically. Anterior 
dislocati.om become asymptomatic, and reduction (which is usually UDS1ablc) 
is rarely indicated. When reduction is attempted, it is performed in the fol-

FIG. ~ 7 Rockwood view of a right antarior stemoclavicular dislocation. 
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FIG. 8·8 CT scan showing anterior displacement of the right clavicle in re­
lationship to the sternum and the left sternoclavicular joint. 

lowing fashion. The patient is supine with a bolster between the shoulder 
blades. A posteriorly diRcted force is placed on 1he mterior aspect of bo1h 
shoulders, and 1he medial end of the clavicle is pressed inferiorly and pos­
teriorly. The shoulders are then held retracted with a figure-of-eight clavic­
ular strap. 

'Imltmcnt of a mrostcmal dislocation of 1hc clavicle is more importmt. A 
thoracic surgeon ill couulted if the patient has compression of die 1tn1ct11res 
of the superior mediastinum. The technique of manipulative :reduction has 
been described by Buckcrfield and Casde (1984). A bolsta is placed between 
the shoulders. The bolsta should be thi.c::k enough to elevate both llhoul.deD 
from die table. With dle ann adducted to die trunk. candal. traction is applied 
to 1hc ann while both ahoulden arc fon:ecl posteriorly by direct pressure. Per­
cutaneous manipulation with a towel clip may be ftqUired. Reduction ill con­
fil::med by l.onlotic radiographs and cr imaging. Once reduced. 1hc rctrostel'· 
nal dislocation ill usually stable. A figure.of-eight clavicular strap ill used to 
hold the shouldem reUacted for 4 to 6 wecb. 

If closed reduction faila, open reduction ill indicaled when there are symp­
toms of mediastiDal compression or to pzevent subsequent damage to rct­
IO!Iternal.ltrUcturea on the medial end of the clavicle. Metallic inmrnal. fixation 
is daogerous and should not be used. 

Complk:atiou 

The incidence of complications from retrosterual dislocation of the clavicle 
is 2Sc.f>. The symptoms associated with these complications are usually cor­
rected with reduction; however, pneumothorax, 1ac:erati.on of the great vessels, 
and rupture of the trachea and esophagus require emerge~~cy intervention. The 
most scrioiiS long-tenn complications are the result of migration of metallic 
fixation devices. 

Most patients with pemiltent t:nmmatic anterior displacemcnt of the medial 
end of the clavicle do not require operative treatment. Resection artbropbsty 
of the stemoclavicular joint with rcconstnK:tion uaiDg the subclavius lmdon or 
the intraarticular sternoclavicular ligament and repair of the costoclavicular 
ligllmcnt to stabilize the medial portion of the clavicle to the fir&t rib may be 
indicated for severe pain in cbmnic trlll1matic anterior dislocations and to treat 
thoracic outlet syndrome or to prevent damage to relrolternal. striJctllrcs with 
clmmic unreduced posterior dislocation. Traosaxial resection of the first rib 
might also be consideml. 
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ACROMIOClAVICULAR JOINT INJURIES 
Clullficalion 

Acromioclavicular joint injuries are classified according to the amount and di­
rection of displacement into seven group11 (Fig. S-9). In type I injuries, the 
IU:IO!Dioclavicuhlr capsule is slletched, but the oomcoclavicular ligame:nts HI­

main intact. The clavicle is nndisplaced. In type II injuries, the acromiocla­
vicular capaule is torn and the coracoclavicular ligaments are stretched or 
partly tom. The clavicle is displaced less than one-half of its width. In type 
m injuries. both the BCromioclavicular capsule and comcoclavicular ligaments 
are torn, the coracoclavicular distance is increased. and the clavicle is com­
pletely dislocated from the acromioclavicular joint The deltoid and trapezius 
mw1cles are intact lllld remain attached to lbe clavicle. In type IV injuries, the 
clavicle is displaced posteriorly and is buttonholed through the trapezius, 
blocking closed reduction. In type V injuries, the trapezius and deltoid are 
torn, and the distal clavicle is displaced superiorly and is covered only by 
llkin and subcut:meons tissue. In type VI injuries, the distal clavicle is dislo­
caled inferiorly and loclred below the coracoid and conjoined tendon. Type 
VII injuries are panclavicular dislocations. 

Diagooailaad. IDIIIal Mm•gemmt 

History and Physical Examination 

There is a billlmy of an axial-leading uymy to the latmil aspect of the shoulder, 
with pllin, swelling, and 1eDdemess in~ aroUIId the acromioclavicular 

FIG. 8-9 The seven types of acromioclavicular Injuries: (A) type I, (B) type 
II, (Cj type Ill, (D) type IV, (E) type V. (F) type VI, and (G) type VII. 
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joint. Prominence of the distal end of the clavicle is present on inspection ( es­
pecially when observed from behind), with the patient sitting and the weight of 
the arm unsupported, in type m injuries. When the amount of displacement is 
in question, the integrity of the coracoclavicular ligaments is determined by 
having the patient flex the elbow against resistance, with the ann at the side. 
When the coracoclavicular ligaments are disrupted, the distal end of the clav­
icle will seem to rise superiorly as the acromion is pulled distally. 

Radiographic Examination 

Radiographic confinnation of the acromioclavicular injury and the degree of 
displacement is obtained with the patient upright and the weight of the arm un­
supported. Radiographs taken with the patient supine or with techniques that 
overpenetrate the acromioclavicular joint obscure displacement. Stress films 
with the patient holding 5 to 10 lb and comparison films with the opposite side 
are helpful. An axillary view of the shoulder is obtained to assess displacement 
in the anteroposterior plane. In type I injuries, there is no displacement of the 
distal end of the clavicle. In type II injuries, the distal end of the clavicle is 
slightly elevated but not completely displaced from its articulation with the 
acromion. In type m injuries, the distal end of the clavicle is displaced supe­
riorly and the coracoclavicular distance is increased. The distance between the 
coracoid process and the clavicle differs; therefore it is important to obtain 
comparison views of the other shoulder. In type N injuries, the distal end of the 
clavicle is displaced posteriorly. Displacement is best visualized on the axillary 
view. In type V, VI, and VII injuries, the amount and direction of displace­
ment are indicated by the type of injury. 

Initial Management 

Initial management is a sling. 

De.finltlve Mallagement 

Type I and II injuries are treated symptomatically with a sling and ice. The 
sling is removed daily for range-of-motion exercises of the shoulder and elbow. 

The treatment of type III injuries is controversial. The natural history of 
unreduced type ill dislocations is that the pain diminishes and disappears and 
the deformity persists but improves. Nonoperative management is recom­
mended. This consists of the use of a sling and early range-of-motion exercises. 
The use of a shoulder harness to maintain reduction of the acromioclavicular 
joint is not recommended because it is poorly tolerated and has no effect on 
ultimate displacement. 

If open reduction and internal fixation is attempted, the distal clavicle, 
acromion, and coracoid are exposed. The joint is debrided, reduced. and sta­
bilized with a large smooth Steinmann pin. The pin is left protruding througb 
the skin laterally and bent to prevent migration. The capsule of acromiocla­
vicular joint is repaired with the coracoclavicular ligaments. Postoperatively, 
the arm is maintained in a sling. The pins are removed at 6 weeks. Physical 
therapy is not started until the pins have been removed, so as to prevent break­
age. Another surgical option in the acute dislocation is resection of the distal 
2 em of the clavicle and transfer of the coracoacromialligament along with a 
piece of bone from its acromial attachment into the distal end of the clavicle, 
modified from a description by Weaver and Dunn (1972). Procedures that 
use a Bosworth screw passed through the clavicle into the coracoid and heavy 
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FIG. 8·10 Grade Ill acromioclavicular separation treated by a modified 
Weaver-Dunn procedure. 

DOIUlbsOibablc sutum looped UDde:r 1hc cor&l.lOid proce88 ami aroUDd 1hc clav­
icle to telber the clavicle to the coracoid are associated widl frequent material 
complli;atioDa. 

Type IV, V, ami VI injuries are treated with open ftduction and inremal fix. 
ation of 1hc aaomi.odavicular joint. Type VD injuries are IDllll8gecl wilh open 
reduction aod stabilization of the acromioclavicular joint and closed ftduction 
of the stcmoclavicular joint. Reduction of 1hc stmloclavic:ular joint is main­
tained widl a figure-of-eight splint. 

Complk:attou 

Complications include shoulder stiffness. deformity, chroDic disloca1ioD, and 
poattnmmatic arthritis. Shoulder stiffness is prevented with early range-of­
motion exercises. The deformity diminishes but does not disappear. Symp­
tomatic dlronic dislocation and posttraumatic ardnitis are managed with re­
section of the distal2 em of 1hc clavicle and transfer of the coracoclavicular 
ligament with a fragment of bone from its acromial attachment to the distal 
end of the clavicle (Fig. 8-10). 

Complications foHowing open ~Da~~agemcnt are mom significant. The most 
frequent is loss of:redw:tion. The most significant is breakage and .migraDoD of 
a pill, which is poteDtiall.y fatal if the pin migrates into the thoracic cavity. 
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9 Fractures of the 
Humeral Shaft 
Prahkzd S. Pyati 

Fractures of the shaft of the humerus account for 2 to 3% of all fractures 
treated by orthopedic :rurgeons. They occur in all age groups and with differ­
ing etiology. Most of these fractures heal uneventfully; complications are 
typically associated with injury to the important neurovascular structures ad­
jacent to the bone. 

ANATOMY 

Knowledge of the relevant anatomy is essential in the management of hwneral 
fractures. The shaft of the hwnerus extends from the upper border of the in­
sertion of the pectoralis major tendon proximally to the supracondylar ridge 
distally. For the most part, the shaft is almost cylindrical; distally, however, it 
flattens in anteroposterior diameter into a prism shape. The arm is divided 
into anterior and posterior compartments by the medial and the lateral inter­
muscular septa, but these compartments are not rigid and compartment syn­
dromes are rare. Several large muscles insert on or originate from the humerus 
at various levels, and contractions of these muscles exerts predictable deform­
ing forces at different fracture sites. The proximal fragment of the humerus is 
abducted and externally rotated by the rotator cuff muscles when the fracture 
occurs above the level of the pectoralis insertion. When the fracture occurs 
between the deltoid and pectoralis major, the proximal fragment is adducted 
and the deltoid displaces the distal fragment proximally and laterally. Fractures 
distal to the deltoid muscle insertion are associated with abduction of the prox­
imal humerus. 

Important neurovascular structures surround the entire length of the bone. 
The nutrient artery to the humeral shaft arises from branches of the brachial 
artery and enters the shaft near the middle of the medial border. The radial 
nerve lies in close proximity to the posterior middle third of the humerus and 
is the most frequently injured structure. The radial nerve courses through the 
spiral groove, along with the profunda brachii artery in the posterior com­
partment, and pierces the lateral intermuscular septum approximately 14 em 
proximal to the lateral epicondyle, or at the junction of the middle and distal 
thirds of the humerus, to enter the anterior compartment. 

ClASSIFICATION 

There is no universally accepted system of classification. However, fractures 
of the humeral shaft can be classified according to etiology, location, pattern, 
type, and the AO system. 

EUology 

Most fractures are due to low-energy trauma such as falls, minor motor vehicle 
accidents, gunshot wounds, or birth trauma. More complex fractures usually 
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result from severe vdlicular cnshes or peue1nlliDg iDjm::i.es.l'lldlologic frac­
tures are ofu:n due to melutatic :le&icms. 

LoQtloa 

Fractures of the humcms can occur iD the proximal, middle, or distal thirds 
of the shaft (Fig. 9-1). In the proximal half of the humems, fradurcs can be 
above the iDserl:i.oD of the pectoralis major, betwccn the pcctorali& major and 
deltoid insertioos, or below the deltoid insertion. The location of the fradure 
detamiDes the type. emmt of aagulation, and disphwcmcDt. Segmental frac­
tures are not UDCOmmon. 

Pdtera 

Moat fradnres am simple, tnmsvene, oblique, spiral, or commin!Ed (Fig. 9-1). 
Tbe HDisteiD-Lewis fmctuie is a well-m:ognjzcd pattem tbat OQCUIS iD the dis­
tal portion of the bone (Pig. 9-2). 

'l)pe 

Most fractures by far am closed. Open fractues am IICCI1 occasionally, and 
these am classified aooording to the established Gustillo-Anderson system. 
Complkatecl ~sam known to be associated with neurovascular iDjm::ies, 
especially injuries involving the radial nerve. Tbe Holstein-Lewis distal-third 
spinl type of fractun: is often associated with radial nave cntrapmmt. 

AO Cluslfic:atloa 

1his classmcation system, from the Associadon for the Study oflntemal Fix­
ation (AO-ASIF), follows standard ABC group& and represents a spectrum af 

increasing fracture severity. For humeral diaphyseal fractures, this system is 
bued on the amount of comminution, with type A ti:actures having no com­
minution, type B fractures having a butterfly fragment, and type C fractures 
having comminution. 

A E 

FIG. 9-1 lhe shaft of the humerus extends from the lesser tuberosity to the 
supracondylar ridge (unshad6d 8166). Fractures may be classified as occurring 
in the proximal, middle, or di&tal third (A). Types of fractures are described as 
transverse (B), oblique/spiral (C), segmental (D), or comminuted (E). 
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Radial 
nerve 

FIG. 9·2 Holstein-Lewis fracture. typically located in the distal third of the 
humerus. The radial nerve Is frequently trapped between the fragments. 

DIAGNOSIS 
CIIDial Pealunl 

Fradures of the humeral shaft are fairly easy to diagoose clinically. A history 
of uauma is followed by sevete paiD, defomlity, and loss of fimctioD. Swelling 
and eccb:ymosis soon follow. Gmdual migration of subcutaneous ecchymosis 
distally may ahum 1be patiem, wbo should be nusuml 

Physical examination should include 8D evalua!ion of the skin to distinguish 
between closed and open~. Neurovaacul.ar mtegrity must be camfully 
tested and well documented. This should illdude both motor and sensory ex­
amiDation. Although the most CWDIIlon DCIVC mvolved is the radial nerve, in­
juries to median and ulnar nerves are known to oocur. Vascalar mjuriell are 
well known m fmctunls secondaJy to penelmliDg 1lllUma. 

lmagiDg Stadiea 

Most fractures are diagnosed with routine radiographs to include two orthog­
onal views. Care m.ut be tabD not to rotate the estrem.lty but to rotate 
the patleat while obtaining the films. One must insist on visualizing adjaamt 
joims ao u not to miss aasoclated m,iuria to the shoulda-and c:lbow jomts. ~ 
pending on lbe clinical evalnation, radiographs af the foreann may be required 
to ellclude floating c:lbow injuries. Additional studies, such u a computed to­
mography (CT) and magnetic resonance imaging (MRI) are not necessary 
UDless a pathologic fracture is suspected. If neceasary, eleclrodiagnostic stud­
ies for nerve injuries should be perfmmed 3 to 4 weeks after lbe mjury. 

AIIOdated Jajurtu 

ltadJal Del"9e IDJary may occur in up to 18% of closed humelal. shaft fractun:s; 
it ill usually af tbe IICUI'OpEUia type owiD& to frac!QR dis~ at the lime 
of injury. Spontaneous recovery occ:urs within 4 to 6 months aitel" mjury in 90 
to 100% of paiiema. Whm 1lae is no evidmce af spontaneous recovery wilbin 
6 to 8 weeks, electromyography should be perforDlOO. to determine whether 



t I'IWmiREI Of lHE HWIEIW. 8HAI'T 103 

elq)loration is .indicated. Tbc HDisteiD-Lewis ~is welllmowu to be as­
aociated with radial nerve palsy. Radial nerve injuries uaociated with open 
fractures and penetrating injuries may involve a laceration of the nerve and 
are leas likely to recover spontaneously; such patients may need surgical ex­
pl.oratioJL MMian and ulnar nmve injuries are J'llle in closed fm:lumi. 

Vucular I!Quries are less J.ikcl.y to occur in closed fracturea. However, they 
should be suspected in severe open fractures, crush injuries, and penetrating 
injuries. If such an injuly is auspected, angiography may be indicated and an 
~ CODllultation widllhe vuc:ular scmce must be obtaimed. 

MANAGEMENT 

IDIUilJbnagement 
Tbc goal of initial managemmt is :mluc::lion ami immobilization of the fracture 
until plans for definitive treatment are established. In m.ost patients, a simple 
coaptation splint (Fig. 9-3) or llhoul.der immobilizer is adequate. &wever, 
open fractures need urgent care, u detmnined by 1beir severity. Pa!ients widl 
fm:lumi associated widl simple guDSbot W01IIIds, type I open fractures, should 
receive local wound care and intravenous anb'bioti.cs. It is not always neces­
sary to perform extensive debridement unless the soft tissue injury requites 
it Vascular injuries demand immediate atrentioJL Nerve injuries do not require 
special care initially, but one must be mindful of them while .maDi.pulating 
the fracture. Wrist- and finger-drop deformities must be splinted to prevent 
contracture. 

Extenud lbatloa is often used in the initial care of open fractures with 
extensive soft tissue injury, seveR ClOIIIDiinuted fm:tures, and fm:tures wi1h 
vuc:ular injuries (Fig. 9-4A). Most standml external fixation systems can be 
adapted to the humerus. Bxtema1 Dxation is usually applied on the lateral slit­
face of the humerus. In managing fractures in the distal half of the hwnerua, 
it is advisable to expose the lateral sud'ace of the boDe and insert the pins Ulldet 
direct vision to protect the radial nerve. Externalfintion systems are often 
replaced by more definitive methods (Fig. 9-4B) or continued until the frac­
ture is united. Standard protocols for pin~ management must be followed. 
Complications include loosening of the pins, loss of correction. and pin-tract 
infection. 

FIG. 9-3 The coaptation splint is a U-shaped, padded plaster splint placed 
around the medial and lateral aspects of the arm and over the acromion. It 
works on the principle of soft tissue compression. 
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FIG. 9-4 Comminuted fracture of distal shaft of the humerus due to gunshot 
wound with vascular InJury. Initial application of external flxator (A). Plate fixa­
tion with bone grafting, using a posterior approach, was done after the exter­
nal flxator was removed (B). 

Definitive Jfaugemeat 

There are two modalities of definitive lllllllllgeDleDt of humeral shaft fractures: 
noooperative and operative. 'Ihe goals of treatment are to accomplish solid 
fracture healing and achieve full functional recovery so that the patient can re­
tum to his or her~ occupation with the fewest complicati.cm. 

The key to sucoe&sfui.IJWillgCIJlCilt of a humeral fracture lies in determin­
iDg tbe most appmpriate oftbese appiUIICbes. Ultimately, the ba1cfiD llld risks 
of each procedure mlllt be evaluated, and care .must be taken to minimize com­
plicatiODS and avoid furthetinjury. The choice of an approprlale me1hod to treat 
the humeral fracture .must be made on an individual buis. Ccmaideration must 
be giveu to the fracture paUem, closed or open Datu.re of the injury, associated 
polytrauma. soft tissue injuries, other associated injuries, and age and body 
habitus of tbe patieDt. The exp«ieDce of dle treating physician will abo play a 
role. Knowledge of the basic mechanism of fracture healing 8880Cialed with 
each method is helpful. The bi('TJICChanic• of fracture healing and &acture sta­
bility are described in detail by Sarmiento and discussed in Chap. 6. 

Nonoperat:lw M•ugemeat 

For isolated fractures of the humenl shaft, nonopermve treatment methods 
achieve high uuion rates of up to 909ll, with few complications. Nonopera­
tive treatment should dlerefore be reganied u the primary option in most pa­
tients. Commonly used mmhods of closed management DK:lude tbc llangiDc 
mn cast, coaptation splint, aod fancticmal bracing. Other less used methods in­
clude the Velpeau dressing. abduction casting or bracinc. ami sbletal traction. 

Unl.ike the case in long bone fractures of the lower extremities, some minor 
defolmities are !WCCplable. KJ.emmum bas proposed that as mud1 as 20 degp~CS 
of varus angula!ion. IS degrees of rota!ion. and up to 2 em of shortening are 
compatible widl a good fuuctioDal outcome. Rotaticmal malaUgnmmt is easily 
c:ompcmsated by shoulder motion. It is important for the paDcnt to understand 
ami accept tbese malaligmneDt oot£:o!Des. 

The lumgiDg anD cast (Fig. 9-S) was initially introduced by Caldwell in 
1933. A lcmg ann cast is applied from below the uilla with tbe elbow at 90 ~ 
grees of flexion. A loop attadled to the forearm is used to suspend the cast from 
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FIG. 9-5 The hanging arm cast is applied with the elbow at 90 degrees of 
flexion. Gravity maintains alignment. The loop for the sling may be adjusted to 
correct 1he alignment. 

the neck, he]pjng to maiDtaiD ccmect aligmnent of lhe ~. This method 
works on the principle of the gentle gn.vity traction afforded by the cut to 
maintain aliJillllent of the fracture. Hence the patient must be instnwted to 
remain in an upright or llitting position at all times. Frequent examinations 
ate RlquUed to JDODitor frlK:ture alignmmt, aml the positi.oll. of lhe loop may 
have to be adjusted periodically on the forearm to cmrect the angulations af 
the fral.:tln. A haDgiDg mm cut .may be used as the defiDitivc 1mllment option 
until fracture union ill acllieved. Altmnatively, the cut may be uaed until sat­
isfactory alignment is obtained and 1he fnK:t1R is "sticky." A coaptation splint 
or functional brace may then be applied and uaed until the fracture is fully 
united. ConUaindications Cor treatma1t wi1h a haDgiDg arm cast include 1nml­
verse midshaft fractures and fractures in obese palientll and in large-breasted 
women. In such patients this method is li.bly to lead to distraction, nonunion, 
and angulations. 

The eoaptatloa spiiDt (sugar-tongs or U splint) is fairly simple to use (FiJ. 
9-3). A padded plaster splint ia applied startiog in the uilla, goiog llfOWld the 
elbow, continuing alonJ the lateral aspect af the arm, and encl:ing near or ov« 
the acromion. A sling is uaed to support the mm. and fradure aligmnent should 
be cbely moDitored. To some elltent, this medlod works on the principle af 
soft tissue compression to maintain fmcture alignment. Although the coaptalion 
splint ia simple to use. there are S01IIe disadvantages, such as miDor to moder­
ate awelling of the forearm and hand or stiffueu of the shoulder.lt may be 
diflicu1t to maintain acceptable alignmml ApiD, 1hia method is not well suited 
Cor obese palients or female patients with large breasts. 

The faDdloaal brace, introduced by Sarmiento in lC¥17, is a key advan~ 
ment in the nonoperative .management af humeral shaft fncturea and allows 
many patients to achieve optimal outcomes without surgery (FiJ. 9-6). 1he 
brace may be used as an iDitial primary tteatmcnt. The functional brace is 
more ofteD applied 1 to 2 weeks a.t'\« injury, as a follow-up treatment, once the 
iDitial operative or nonoperative treatment has been completed. Becall8C of 
its simplicity and venatility.1his method is widely used. A recent review by 
Sarmiento and others deacri.bes this method in further detail. The functional 
brace extends from the shoulder to just above 1he elbow and is usually made 
of two c:oDformiag padded plastic splints, one medial and cme latmd, held to­
JCther with adjus1able Velcro straps. The brace (a polypropylene sleeve) is 
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FIG. 9·6 Prefabricated functional brace. An adjustable strap is shown. 

ci.thcr custom-made or obtained as a ptefabJkated off-thNhelf UDit; it wow 
on the principles of gravity aod soft tissue compression. Therefore the brace 
muat mDlliD mug around the mm aDd n:quin:s adjuslment periodically as the 
awelling subside&. The brace does not necessarily immobilize the fracture. 
SQIDC movement does take place at 1he fractme site, which may be useful in 
stimulating caiiDs fonnation. As in olber fonDs of closed lllllllllgement, minimal 
qu1alicms 111e acx:eplablc ami 111e (:OIIlpaible with a good fum:tiollal oiiWome. 
One major advantage is that joint stiffness is avoided, as the brace allows for 
shoulder ami elbow motion. Far a ~RU:CC~sful outcome with fnncticmal bnlciq, 
the patients must be ambulatory, cooperanve, and compliaDt with the rebabili­
tation prognm~~~. Thia method is DOt suitable for obese or bedriddm patieDts. 

The VeJpeau dnalag requires padding of the axilla and medial aides of the 
mm with soft pads (to maiDtain aligmneDt) and suspeuding the mm with a cuff 
aod collar. 1be humerus is then immobilized by wrapping an~ or similar 
bandage UOUDd the entire extmllity ami the chest Introduced by Gilchrist, 
tbis medlod is rarely used today for definitive lreldDioot in adulta.lt can, how­
evu, be used as a tmlpomry splint until definitive lmllmeutis selected md has 
a place in the lllliDllgement of hiJDlellll. abaft fractures in cbildrm. 

The following two methods IIRI mentioned Ollly briefly because they have 
limited indications aod are not well tolerated by most patients. 

Abcluetloa casdDa or bradDg is IDmilar to a shoulder spica md is applied 
with vmying angles of abduction of the shoulder to maintain alignment. The 
cast or brace is rarely used today as it makes it awkward far the patient to 
lead a nonnallife and there are now beae:r and more effective management op­
ti.oaa available. 

To implement llkeletal tncllon at the bedside, a Steinmann pin is inserted 
in the olCCiaDOn process. The patient must mDAin .in bed for this lleatmmt; 
hence it is used Ollly in very IID8table frac:turea for abort periods of time. 

Operative Maagemeat 

lndiCQiimu for Operq,live Tnatment 

As pn~viously mentioued, more than 90Clfl of humaal shaft fractures can be 
auccessfully .ID&IIllged by nonoperative methods. Operative treatment of 
b.umaa1 shaft fractures becomes nccesslll}' in specific situatioaa, as in pqdienta 
who caonot tole:rafe closed management, in those who caonot be placed in a 
functional brace because of obesity or body habitus, or in 1hoae who have mul-



t I'IWmiREI Of lHE HWIEIW. 8HAI'T 107 

tiple injuries. The decision should be based on several facton, includiDg the 
fractnre'a cbaractmiatics, the mrgeon's capability, and the patient's prefer­
ence. The importance of di8cussing the pros and cons of the various treat­
ment modalities with the pslient Cllllllot be overemphasized. 

Specific IndicGiiom for SUTBery in ACiolte Fract~Ues 

Polytrauma, including head, chest, or multiple system injuries 
B.ilate:ral humeral fractures or multiple lcmg bone fracturea 
Asscx:i.ldld ip&ilateral :fnctun:s of radius md ulna or "floating elbow" injury 
Open fractme8 
SegmeDial fractuml with UDaCCeptable aligmnent 
Nerve injury following mmipulatim of a fracture 
As!ICJCi.amd artU:ular injuries 
Associaled vasc:ular injuries 
Obesity 
Noncompliant patients 
Failed nonoperative treatmellt 
Pathologic fractuml 
Periprosthetic fracturea 

Specific IndicGiiom for SUTBery in Chronic Fractures 

Delayed UDion 
Nonunion 
Malunion 
Infection 

Metlsodl of Opertllive Tnatment 

flate Olte88yntlaall is pe:dlaps the .. gold staudanl" for 1he fixalion of humeral 
fractures; it offers several advmtagt:s, including a high rate of fracture unim 
(Fig. 9-7A mdB). The fracture site is Jead:ily exposed, enablillg accurate align­
ment Wider compression wi1h stable fixation. If necessary, bone graft& can eas­
ily be added to enhallce fracture healing. The radial nerve can be visualized, 
freed, and repaired if so indic:aled.. Postoperalively,dle adjoining joints can be 
mobilized eerly so as to avoid joint stiffDeas. Fv.Dctional recovery is :faidy rapid. 

FIG. 9-7 Transverse fracture of middle third of the humeral shaft (A). Os­
teosynthesis achieved by compression plating (B). This type of fracture Is not 
suitable for treatment by the hanging cast method. 
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with the least amount of muscle atrophy. Indications specific to the plating 
technique include fractures with neurovascular injuries, fractures in the distal 
part of the humerus, spiral or oblique fractures, and periprosthetic fractures. 

However, there are certain drawbacks. The so-called soft tissue envelope 
is violated, which may prolong fracture healing time. Similarly, the elevation 
of periosteum and soft tissue necessary to expose the fracture may affect the 
healing process. It is imperative to keep soft tissue dissection to the minimum. 
Gentle tissue-handling technique should be followed. Complications such as 
nonunion, neurovascular injuries, and hardware breakage are well known. 
Postoperative infection is uncommon, but antibiotic prophylactic measures 
should nevertheless be used. 

Exposure of the fractures is determined by fracture level and pattern. An an­
terolateral approach along the lateral border of the biceps, which splits the 
brachia1is muscle, is used to expose the the fracture. Alternatively, a modified 
posterior approach that retracts the entire triceps medially, as described by 
Gerwin et al. (1996), can be used to obtain more adequate exposure of the 
humerus than is obtained with the direct posterior triceps-splitting approach. 
Commonly used plates are 4.5-mm narrow low-contact dynamic compression 
plates (LCDCPs) with 4.5-mm screws (Fig. 9-?A and B). Preferably the plates 
should have staggered screw holes. In patients with osteopenic bones, lock­
ing plates offer some advantages. Surgeons may choose various combina­
tions of plates and screws, as dictated by the fracture pattern. 

Following the successful management of lower extremity fractures with 
intramedullary fixation, a similar approach has been successfully adapted 
in the management of humeral shaft fractures. Intramedullary nails offer sev­
eral biomechanical advantages over plate osteosynthesis: the nails are very 
close to the mechanical axis of the bone and are subject to less mechanical 
stress. Stress shielding of the cortex is minimized and the soft tissue enve­
lope is not violated. Blood loss is minimal. There is reduced risk infection. 
However, distraction at the fracture site must be avoided. 

Specific indications for intramedullary rod fixation include comminuted 
fractures, segmental fractures, pathologic fractures, and fractures in patients 
with osteopenic bones. However, fractures located in the lower fifth of the 
shaft are not amenable to intramedullary fixation. Though fractures below 
the lesser tuberosity may be fixed with special intramedullary nails, standard 
nails are not recommended. Spiral or oblique fractures are better managed by 
plate osteosynthesis. Fractures with radial nerve palsy and those with vascular 
injuries are better managed by using plates, as the manipulation needed for the 
placement of intramedullary nails may aggravate nerve injuries or disrupt the 
vascular repair. 

Ante grade and Retrograde Insertion of Intramedullary Nails 

Antegrade insertion. This approach is suitable in the management of frac­
tures of the proximal and middle thirds of the humems and is easier to imple­
ment than distal approach. The nails are introduced from the proximal end of 
the humems, near the greater tuberosity. The disadvantage is potential injury 
to the rotator cuff, with subsequent shoulder problems. However, some sys­
tems avoid this problem by inserting the rod slightly distally on the anterolat­
eml surface of the humems. 

Retrograde insertion. An entrance portal is created on the posterior surface 
of the distal humerus just proximal to the olecranon fossa This limits the size 
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of the portal. Jndicati.oaa for this approach .illdude fl::actuJa of the distal aDd 
the middle thirds of the humcrwl. Shoulder problema are avoided, but minor 
elbow problems are lmown to occur. Subsequent fractures of the humerus at 
the site of the portal have been reported. 

7)pe of nail. Historically, intramedullary nailing systems started out with 
simple, fte::Uble, noDlocking nails. These were gradually replaced by more 
advanced. rigid. interlocldng nails. Obvious disadvantages of nonl.ocking sys­
tems include suboptimal rigid fixation and lack of torsional control. 

l'lulble Intramedullary IUID.I .iDdnde Rush pins aDd Ender's nails. Rush 
pins are straight rods that are available in various sizes and have a hook at 
one end for easier removal. 'I'hey are easy to introduce but W:k rigidity aDd are 
prone to migration. Hence they are no longer recommended. Ender's nails 
are 11exible and usually two or tbn:e are used at a time. These nails offc'l' more 
rigid fixation than the Rush rods as well as some tonicmal control. More :re­
cently, titanium flexible nails have become available. All types of nails can 
be inserted using both antcpade and retrograde portals. 

Rigid lntrtJmMiullflf1J nolls. The most widely used nails are the rigid inter­
locking nails. Made by several :m.aDllf&durers, dley follow similar principles 
and are used in either reamed or ncmreamed versions. The standard method 
of interlocking is by proximal arul distal screw mation (Fig. 9-&4. and B). Seidel 
nails have a different system of distal locking whereby expansile prcmgs are 
deployed to lock into the imler wan of the dia1al humeral cortex. This type of 
locking is prcme to loosen, leading to complications. Hence, a screw locking 
mechanism is preferable. For more proximal shaft fractures, special nails widl 
pro::Umallocking screws. which lock into the head ofhumcrwl, are available 
(Figs. 9-8 and 9-9). 

~ iniTamlldal/tlf!l nailing systems. Mme:reccndy,several advanced 
intramednllary n.ai.l.ing systems have been introduced. Unlike conventional 
nails that rely on interlocking sc:rews for a.xi.a1 aDd rolali.onal stability. the 
walls of the newer nails expand to fill the medullary cavity. Therefore these 
nails may be better suited for patients with poor bone quality who :require 
humerallltabilizanon. The nailing system is associated with minimal compli­
cations, p:redictable fracture healing, aDd excellent functional outcomes in 
elderly patients. 

FIG. 9-8 Comminuted fracture of middle third of the shaft of the humerus due 
to gunshot wound (A). Internal fixation by Interlocked Intramedullary nailing 
(B). lhe proximal end of the nail is well seated to avoid shoulder impingement. 
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Flui6/elocldng intrtlmedu/larg nails. These are articulated flexible nails 
that allow both a~~tegrade aDd retrograde implantation 8lld static lockiDg. Nail 
iDscnion can be accomplished without violatiJI& the rotator cuff or damaging 
the articular surface of the humeral head. In the antegrade approach, the portal 
of entry is either the lateral or antaolatmll shaft distal to the acromion. After 
the flexible nail is introduced, it is stiffened by a wire mW.anism Proximal 
and distal J.octmg ~s are alao used. This approach avoids the shoulder 
problems associated with the tubemdty portal. However, tis implaD.t should 
be U8ed with caution in any patieDt with a medullary canal of 8 mm or less in 
diametel'. 

Plating osteosgntllais vs. inlTatnMiullarg fixation. 'lbcre ia m ongomg 
controveray regarding the relative benefits of plate oateoeynthesiB vs. intra­
medull.uy fiuti.on with nlliliDg. Valid UJIIIIlCDts C8l1 be made in support of 
either method. Two randomized stnd.ies are available for review. Results are 
somewhat comparable; however, each medlod is associated with diffeleDt sets 
of complications. When performed antegrade, nailing is aaaociated with a 
bigher inci.dence of shoulder pain 8lld dysfunctiOD, wbcmls plal.ing using the 
posmrior approach is associated with elbow stift'neas 8lld pain. Furtber ~ 
tive studies involvillg large Dlllllbers of patients are needed to resolve this issue. 

COMPLICATIONS 

Initial complications associated with fractures of the humeral shaft have al­
ready been mentioned. Complications occmring as a result of treatment meth­
ods include nonunion, malunion. infections, radial nerve palsy, vascular in­
juries, and adjacent joint problems with muscle a!rophy. 

NonUDioa is 1hc most signifi.call1 complication of hummil shaft fractures 
(Fig. 9-9). If the fracture shows no evidal&:e of healing by 12 to 16 weeks, it is 
to be consideml a nol1llllion. Generally speaking, surgical management tlmds 
to result in a higher rate of nommionlhan closed treatment methods (Fig. 9-9A). 

The etiology of nonunion may be patient-, frac~. or treatmeDt-relatcd. 
Some of the more common factors include smoking, severe osteopenia. com­
minution (i.ncl.uclin8 segmental fl:actures), soft liBsuc intapo&ilion. dislDction 
at the fracture site. hardware fai.lwe (Fig. 9-9B), 8lld infection. 

FIG. 9-9 Nonunion of fractures of the proximal third of the shaft of the 
humerus. This patient had a history of cigarette smoking. A. Following Inter­
locked intramedullary nailing. 8. Hardware failure. C. Treatment with reamed 
nailing, lilac bone grafting, and application of an Internal bone stimulator. 
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Treatment options of nonunion must address the etiologic factors. These 
must be rectified prior to definitive care. Options for management of nonunion 
are listed below. 

When electrical stimulation using either external or internal stimulators is 
contemplated, the fractures must be stabilized before this method is applied 
(Fig. 9-9C). 

Reamed intramedullary nailing is less successful in humeral nonunion than 
in fracture nonunion of the lower extremity. Overreaming must be done with 
great caution, as it can result in injury to the radial nerve. lbis technique can 
be combined with electrical stimulation. 

Excision of nonunion with plate osteosynthesis and autogenous bone graft­
ing offers the best chance of success. 

Vascularized bone grafting techniques are useful in rare instances where the 
nonunion is recalcitrant. Even though iliac bone grafting is ideal, it involves an 
additional surgical procedure, with attendant morbidity. To overcome this 
proble~ synthetic bone graft substitutes may be used. In addition, several 
biologicals-such as demineralized bone matrix products, bone morpho­
genetic proteins, and tissue growth factors-are being introduced. These 
emerging technologies hold great promise and are being widely tested and 
used. 

Malunion can follow any method of treatment. However, it is probably 
more common after conservative management. Malunion can be angular, rota­
tional, or result in shorteoing. Fortunately, up to 20 to 25 degrees of angula­
tion, 15 degrees of rotation, and up to 2 to 3 em of shorteoing are well tolerated 
by most patients and compatible with a good functional outcome. 

Most cases of radial nerve palsy are of the neurapraxia type, and close to 
90 percent of patients recover from them within 4 to 6 months of injury. If 
there is no noticeable recovery within 6 to 8 weeks, it is advisable to obtain 
electromyography studies; consideration should also be given to exploration 
and repair of the radial nerve. During the recovery phase, appropriate splinting 
of the hand and wrist is essential. Early tendon transfers to restore function 
have been recommended. 

Initial vascular injuries should he managed by the vascular service. Vascu­
lar injuries as a result of treatment are rare and should be managed accordingly. 

Infections following surgical fixation of fractures of the humerus are rare, 
but when they do occur, they complicate the outcome. Well-established pro­
tocols for managing postoperative infections should be followed to secure a 
healed fracture. 

REHABIUTATION 

Rehabilitation is an important and integral part of managing fractures of the 
humeral shaft. The ultimate goal of any treatment plan is to regain preinjury 
functional status. With this goal in mind, a rehabilitation program must be in­
stituted from the onset. 
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10 Fractures and Dislocations 
of the Elbow 
Edward R. Abralwm 

This chapter reviews fractures and dislocatioii8 of the elbow or cubital articu­
lation. These injuries include fractures of the distal humerus (i.e., isolated 
medial and lateral condylar fractures, transcondylar fractures, supracondylar 
fractures, and intercondylar fractures), fractures of the radial head and neck. 
fractures of the olecranon, and dislocations of the elbow with and without frac­
tures of the proximal ulna (coronoid process) and the radial head and neck. 

ANATOMY 

The elbow is the articulation of the humerus of the arm to the radius and ulna 
of the forearm. The distal humerus consists of the extraarticular medial and 
lateral condyles, which are diverging colUIDI18 separated by the intraarticular 
trochlea and capitellum (Fig. 10-1). The distal humerus is angled anteriorly 
at approximately 30 degrees. The humerus widens and flattens as it angles 
forward. The trochlea articulates with the trochlear notch of the proximal ulna. 
The trochlea's articular surlace extends from the coronoid fossa anteriorly to 
the olecranon fossa posteriorly. The anterior and posterior fossae provide 
space for the coronoid and the olecranon, respectively, at the extremes of mo­
tion. The capitellum is a hemispheric termination of the lateral column that ar­
ticulates with the concave radial head. 

The proximal radius consists of a head and neck, which form a 15-degree 
angle with the radial diaphysis. The radial head is dish-shaped. The outer cir­
cumference articulates with the radial (sigmoid) notch of the ulna. 

The radial notch of the olecranon forms an arc of 40 to 70 degrees. The 
trochlear notch forms an arc of 180 degrees. 

The prominent medial epicondyle is the origin for the flexor-pronator mus­
cles and the medial collateral ligaments. The epicondyle protects the ulnar 
nerve, which ruii8 posteriorly in its sulcus. Originating from the smaller lat­
eral epicondyle are the supinator-extensor muscle group and lateral collateral 
ligament. 

The distal articular surface of the humerus is oriented in 7 degrees of valgus 
in relation to the long axis. The valgus orientation of the distal humerus com­
bines with the ulnar angulation of the olecranon to produce a canying angle of 
up to 20 degrees with the elbow in full extension. When viewed from the side, 
the capitellum and trochlea are anterior to the long axis of the humerus; a line 
drawn along the anterior cortex of the humeral shaft transects the center of 
the capitellum. 

The medial collateral ligament of the elbow originates on the medial epi­
condyle and coii8ists of two portions; the anterior portion, which inserts on the 
medial aspect of the coronoid process, and the posterior portion, which at­
taches to the medial aspect of the olecranon. The lateral collateral ligament 
originates on the lateral epicondyle and has insertioii8 on the annular ligament 
and the olecranon. The annular ligament surrounds the radial neck and stabi­
lizes the radioulnar articulation. Anteriorly, the annular ligament is attached to 
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FIG. 10..1 Anterior view of the humerus showing the relation of the lateral and 
medial columns to the trochlea and capitellum. 

the aoteriar margin of 1he radial no11:h. Postaiady, it is broada' aDd attached 
to a ridge poaterior to the radial nocch (Fig. 1~2). 

The cap8111e of the elbow joint attaches to the humerus anteriorly above 
the coronoid and radial fossae and poateriorly above the olecranon fossa. 
Distally, it attaches to the base of the coronoid process of the ulna and to 
the annular ligament; it ill continuoWI with the latenl and medial coUateral 
ligaments. 

The principal mWiclea :responsible for active elbow motion are divided into 
four groups. Tbc extensors are the 1.ti.ceps b.rat'hii aDd anconeus. Tbc triceps 
muscle inserts into the pollterior surface of the olecranon pmce88 and akmg the 
pnWmai ulna, Where it is mCJml to as the exttmSOT expansion. Tbc flexors 
comprise the brachialia. biceps, and brachioradialia. Anteriorly, the brachialis 
muacle atw.:hcs to the corouoid process. The biceps tendon attaches to the 
radial tuberolity. Forearm mpination is the function of the biceps and supina­
tor, and forearm pronation is produced by the pronator teres and pronator 
quadratus. 

FIG. 1 D-2 Lateral view of the elbow showing the relation of the lateral collat­
eral ligament to the annular ligament; also shown Is the attachment of the an­
terior band on the annular ligament and the posterior band on the olecranon. 
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BIOMECHANICS 

The humeral ulnar and humeral radial articulations function aa a hinge. The 
joint permits :flexion to 160 degrees and ellleDSion to 0 degrees. Valgus seabil­
ity is provided primarily by the anterior fibers of the medial ulnar collateral 
1igameat arul secondarily by the radiocapildlar articulation arul an1erior cap­
sule. The 1lexor-pronatar muacles (especially the flexor C8lpi ulnaria) provide 
an importaat dyuamic compoDeDt. 

The lateral collateral ligament provides varw~atability and is the major con­
straint, along with the lateral capsule, to posterolateral rotatory instability 
(the lateral pivot &bift test). 

Motion from 30 to 130 degrees is tbe range most important for activities of 
daily living. 

The radi.ocapitellar articulation is a pivot or trocboidjoint and allows for both 
flexicm. and extension of the ulnohumeraljoint and forearm rotation of approx­
imately 165 degrees. It petmits 80 degrees of forearm pronation and 8S degrees 
of supinaticm.. The anterolateral quadrant of the radial head does not articulate 
with the radialDOtch, even in the exaemes of promati.on and supiDati.on, and is 
a portal for screw or Kiisclmer-wire fi.ution. An importmt relation between 
the radius and capitellum is the COI!Stallt am of IOCatioD. A line drawn along the 
lcm.g axis of the radius tnmsects the center of the capitellum regudlcss of the 
degree of elbow flexion (Pig. 10.3). The longitndinal relation of the radius and 
ulna is maintained by the forearm interosseous membrane, the triangular fi­
brocartil.age wmplex distally, and the radiOCIIPitellar articulation proximally. 
Exc:iaion of a fraclured radial head when the intmJ&seous ligament is tom will 
teed to proximal migration of tbe radius. When a collateralligameDt is tom, 
radial head excision without replacement will lead to elbow instability. 

The radial head serves as a restraint to valgus stresses across the elbow joint 
by acting as a fulcrum for the medial coUateral.ligament. It allo tnmafers 
stresses from the hand and wrist to the distal humerus. Forces applied in a 
proximal dim:ticm. axially alcmg !he shaft of !he radius JaUlt in tigbtcniDg of 
the cemral tendinous portion of the interosseous membrane. These forces are 
then tranamitted from the radius through the interosseous membrane to the 
ulna and eventually to the trocbka. When the radial head bas been removed, 
proximally dim:ted stresses result in ulnar shift of the radius as opposed to 
tightening of the intaosseous membrane, thereby altering stress tnmsmission 
to the ulna and the .mec!umics of the distal radioulnar joint. 

A 

FIG. 1 0-3 A. Normal relation of the radial shaft and radial head to the cen­
ter of the capitellum. 8. Dislocation of the anterior radial head. 
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DISTAL HUMERAL FRACTVRES 

Fractures of the distal hUID.el'WI account for one-third of humeral fractures. 
Preservation of paiDl.ess elbow motion iD a functional rauge is the goal that 
directs management The unique analomy of die distal humerus together with 
its articulations with the radiua and ulna bas ~esultcd iD a complex clasaifica­
tion system of about 27 fractme types lllld subtypes. 

Cluslficatloa 

The radiologic classification Iee0111D1ended by the Orthopaedic Trauma As­
sociation (OTA) best describes the fracture types. Table 10-1 divides the three 
main fracture group&-A (extraarticular), B (partial articular), and C (complete 
articular)-into subtypes. 

Dlagno$1.s and InltW Maaagement 

History and Physical Examination 

Tb.ere is pain lllld possibly instability or crepi:tns at the elbow. The ll!l'd!anj sm 
of injury is usually a fall from a height onto the outstretched hand or a direct 
blow to die elbow. Isolated type AI apophyseal fractures are expected to cause 
localized pain and swelling without elbow instability. IV. !be complexity of the 
fract:um inl.n:ases (types B and C), deformity, instability, and Ciepitus appear. A 
careful inspection of the skin is essential, as these fractures are often open. 

Rodiogmphic Examination 

Anteroposterior, lateral, and oblique r:adiographs with longitudinal traction ap­
plied to the cxtmnity show the full extent of the injury. Computed tomogra­
phy (CI') and other special views are occasi.onally useful in the assessment of 
intraarticlllar fractures (e.g., lhear fractun:s of the trochlea or capite11mn). 

Initial Management 

Initial management consists of improving fracture alignment and providing 
immobilization in a long ann splint in partial Oexi.on at the elbow to avoid 
neurovaiiClllar complications. Ice packs can help to control swelling of the 

TABLE 10·1 Definition of Main Fracture Tvpes COTAfAO Classification) 

A. Extraarticular fracture 
1. Apophyseal avulsion of an epicondyle 
2. Metaphyseal, simple circumferential fracture line 
3. Metaphyseal multtfragmentary 

B. Partial articular fracture (part of articular surface 
remains attached to the diaphysis) 
1. Lateral condyle sagittal 
2. Medial condyle sagittal 
3. Frontal plane fracture of articular surface 

C. Complete articular fracture (separated from the 
diaphysis) 
1. Articular simple and metaphyseal simple 
2. Articular simple and metaphyseal multifragmentary 
3. Articular muttifragmen!ary 

A 

8 

c 
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elbow aDd foieallll. Attempta to mluce umtable inlraalticular fmgmeuts are 
not necessary. 

A18Gdafecllojurlea 

Compartment syndrome of the forearm. is 1he siDgk: most important early oom­
p&ation. The signs of comp&ltDint syndrome include clispropmtiouate pain 
at rest, pain with passive stretch of the muscles in the compartment, tense 
com.padments, and paresdle&ias. mevated compartment pressures in the fore­
ann confirm die diagnosis of dris surgical emergczcy. The brachial arteJy as 
well as the mdial, median, and ulDar nerves are stlucblml at risk of i.Djmy with 
these fractures. Radiographs of the entire extremity are helpful in locating 
OCher fractuml. 

DeUitlw Muagnneat 

Extmanicullu FrtJCture-~ A (Fig. 10-4) 

lAteral epicondglar lracture (Al.l). These are rare injuries seen preclomi­
DaDtl.y in cblldren. The .isolated fracture ~esulta from a varus stress to the 
elbow. In most cases, fracture disptarement is minimal and elbow stability is 
preserved. Treatment in these patients comista of immobiliziag lhe elbow at 
90 degrees of flexion with the elbow in supination aDd wrist in mild dorsi­
flexion. Large displaced fragmenta are ~educed and fixed with screw or 
Xirscbner-wire internal fixation. 

MedUJI epkondglar fracture (A1.2, A1.3). 'l'llcae fractmes are llSUally seen .in 
children with open physea. A valgus stress to the elbow is the mOlt common 
mechanism. A direct blow is lmown to cause this fracture in adulta. Displ~ 

/~!~, 
Kocher llnterfor -.......... 

Kocher II posterior 

FIG. 1 0-4 The OT NAO classification of type A distal humeral fractures. 
[From Orthopaedic Trauma Association Committee for Coding and Classifi­
cation. Fracture and Dislocation Compendium. J Or1hop Trauma 10(suppt): 
1.2-15, 1996.] 
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ment of the epicondyle up to 1 em in children in the absence of valgus stress 
instability is best treated conservatively with the elbow immobilized to 90 de­
grees, and the forearm in neutral rotation, and the wrist in neutral position 
(Al.2). Fragments displaced more than 10 mm or fragments incarcerated in 
the elbow joint are best treated by open reduction and pin or screw fixation 
(A1.3). Ulnar nerve dysfunction and elbow instability are more likely to develop 
in the displaced fracture in adults; therefore open reduction and internal fixa­
tion (ORIF) is recommended. 

Extraarticular Fractures (Type A2) 

These transcondylar or supracondylar fractures are two-part fractures that do 
not involve the articular surface. They may be classified as high, low, abduction, 
and adduction. There are also extension or flexion components, as shown in 
Table 10-2. When there is metaphyseal comminution, the fracture is classi­
fied as an OTA group A3 with three subdivisions. 

Definitive management. Closed reduction and immobilization in a long arm 
cast may be possible in some of these fractures, particularly in the elderly 
person. For the extension injuries, the closed reduction maneuver consists of a 
longitudinal traction followed by forward pressure on the olecranon process 
and then acute elbow flexion. Reduction is confirmed with radiographs. The 
ann is immobilized initially in a splint with elbow flexion at 90 degrees and 
the forearm in neutral rotation. A radial pulse must be palpable tlrroughout 
the stages of reduction and immobilization. A minimum of 4 weeks of im­
mobilization is necessary even in impacted fractures. Immobilization is con­
tinued in a long arm cast after the first 7 days in a splint 

Failure to hold the fracture adequately reduced requires percutaneous pin 
fixation or ORIF. 

Pin fixation, percutaneous or open, can be used to stabilize an unstable frac­
ture (Fig. 10-5). Open fixation with Kirschner wires and a figure-of-eight ten­
sion band can provide adequate stabilization of smaller osteopenic fragments. 
Transcondylar fractures in the osteopenic bone of an elderly patient are best 
suited for this treatment 

TABLE 10-2 Extraarticular Supracondylar Fractures (Type A2) 

High extension 

High flexion 

Low extension 

Low flexion 

Abduction 

Adduction 

Oblique fracture line extends from anterodistal to 
posteroproximal, with posterior displacement of the 
distal fragment. 
The oblique fracture line is from anteroproximal to 
posterodistal, with anterior displacement of the distal 
fragment. 
The fracture line is slightly oblique or transverse, with 
posterior displacement of the distal fragment (OTA 
subgroup A2.3). 
The fracture line is transverse or oblique, with the distal 
fragment displaced anteriorly. 
The oblique line extends from distal medially to proximal 
laterally. The distal fragment displaces laterally (OTA 
subgroup A2.1). 
The oblique fracture line extends from proximal medially 
to distal laterally (OTA subgroup A2.2). The distal 
fragment displaces medially. 
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FIG. 10·5 Percutaneous cross-wire fixation. 

The IGnclmer or SteiDmaDD pins are placed from distal to proximal as 
crossed pins starting in the medial and I.Jdmal epicondyles. Multiple pins are 
occa&i.cmally neeessazy. Befme 1bc pins are placed, the fnli:t.R is mJuced us­
ing clO&ed or open mc1miquel. An image intensifu:r is used to assist with them­
duclion and propu phwemcnt of the pins, but COD.vemional radiographs, with 
their better detail, should also be obtained to coDfim the adequacy of there­
ducliou. The cut euds of tbe pins are usually left outside tbe skin forn:moval af­
ter 1be fracture bas healed. A long posterior splint is used for l week with the 
elbow held at 90 degR'CS of fleltioD. A loug ann cast is tbm applied for 1111 ad­
ditiOIUII3 weeks. Pm1ouged immobilization of the elbow in an adult can lead to 
pmllllllel1t elbow stiffllcss. P.iDS are mDOved 6 weeb postopctatively. Elbow 
motion is started as soon u there is adequate evidence of fndure healing. 

Omtplications 

ComplieatiODII asaoci.ated with pin plai:ement include nerve damage, woUDd 
iDfection, and loss of reduction. 1be ulnar nerve may be injured by 1be place­
ment of the ulnar pin. A 2-cm skin incision over the medial epicondyle can 
be used to better localize the safest entry point for the medial pin plaamtent 
and CIID be exteuded if temion-band fixation is dcsiied. 

Oper~ Reduction and Imemal FJxotion (Types A2 and AJ) 

ORIF is 1bc tleat~Dent of choice for DCIIIiy all adult distal humeral frlK:tores. 
The goal of treatment is stable fixalion allowing early restoration of funcdonal 
painless elbow motiou, which would be endaDgeml by the Ulle of prolonged 
immobilization or delayed union. 

These goals are met by rigid iDtemal fixation of 1bc ~. The ptefened 
exposure of the distal humerus is by the posterior approach. This can be ac­
CODJpliabed by spliUiDg the triceps and elevating it off the hUIDmJS. WOikiDg 
both medially and laterally as necessary. 

<kcasimal!y oleamon osteotomy may be beDcfh:ial, although it is usually 
used for intraarticular fracture&. The proximal end of the olecranon process 
with the triceps tCDdon immion is reiJacted prollimally to expose the posterior 
surface of the distal humerus. 

Care is takm to .i.demify and protect the ulnar nerve. Two plates are uecl 
to fix the fragment11 and are placed 11190 degree~ to each olber ao u to maxi­
mize fracture fixation. A 3.5-mm reconstruction plate on the lateta1 column 
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aDd an LCDP,loctmg plate, or one-tbild tubular plate on the medial column 
provide adequate fixation. In low tranacondylar fractures, it may be neces­
sary to use die entire medial epWollclyle by contouring the plate and transpos­
ing the ulnar nerve anteriorly. Locking plate& are useful in patients with os­
teoporo1ic boue. 

SINGLE.COLVMN FRACTURES (OTA GROUP 81 OR 82) 

These uncommon unicondylar fractures extend into the joint. The lalmd col­
umn is more freqnently affected. An obliqne fracture of either the .llliOOial or 
lalmil cohmm passes through the intercohmmar am~ of the distal end of the 
humerus and through the trochlea. The ulna can displace with the fragment if 
a large portion of the trochlea is involved. The mec;hani!lJD of the fracture pat­
tem is an asymmetrical axial loading force aaoss the elbow on either the 
capitellum by the radial head to cmate a lateral column f:nK:IuM or the trochlea 
by 1be ulna to create a Dlfdial column fractare. 

Cluslficatloa 
Milch described two types (Pig. 1().6). In type I fnwtmes, the lateral column of 
die trocblea ia intact. In type Hfracture&. the lamral portion of the tmcblea ia bro­
ken off with die fractured column, which may result in an elbow dislocatioD. The 
higher tbe fracture is on the humerus, the greater the involvement of the trochlea. 
The fYfA/AO clusi1ication Iefers to dlese fractula as type B pmtial articular 
fractures (Pig. 10-7). Type Bl, with three subgroups. involves the lareral col­
umn. lllld type B2., with 1hiec subtypes, involves the Dlfdia1 column. 

Dlagnoafa aadlaitfal Jbnagemeat 

Definitive MD~~~Jgement 
A nondiaplaced. Bi.ngle-c:olumn fracture can be treated with a splint or long arm 
cast for 3 or 4 weeks before starting therapy. Displaced or UDStable f'radures 
ahould be treafecl with ORIF to allow early motion. 

Lateral single-column fractures are exposed with Kocher's approach, 
whereas a medial incision can be used for 1be medial-column fradure. A pos· 

latefal column 
fractures 

high 

low 

FIG. 10-6 High and low fractures of the lateral and medial columns (OTA 
B1 and 82). 
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FIG. 1 0· 7 The OT NAO classification of type B distal humeral fractures. 
[From Orthopaedic Trauma Association Committee for Coding and Classifi­
cation. Fracture and Dislocation Compendium. J Or1hop Trauma 10(suppl): 
1.2-15, 1996.] 

terior iiK:i&i.oD can also be uaed with partial elevation of lhe lriceps on 1he in­
vol"Ved side for plam or lag-screw fixation. This permitll improved 'Visualiza­
tion of 1he joint to asseaa the articular surface mluction (Fig. 1~8). 

FRACTURES OF THE CAPITElLUM (OTA 1YPE 83) 

Tbc capitellum, an intraarticular stluctme, articulall:& with the radial. head. The 
fracture may be associated with other injuries, such as a radial head fracture or 
a posterior elbow dislocation. The .meclumism of injury is uually an axial 
force, which causes the radial head to compress the articular surface of the 
capitcl.J.um. The JaU!t is a shearing off of the articular cartilage and subchon­
dral bone in the coronal plane. 

FIG. 1 0·8 High lateral unicolumn fracture treated with a single plate and 
screws. A. Anteroposterior. B. lateral. 
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c 

FIG. 1 D-9 lhe classification of isolated fractures of the capitellum: A. Hahn­
Stelnthal fracture. B. Kocher-Lorenz fracture. C. Compression fracture of the 
capitellum. 

ClaNIEattoa 
The f'rldures of the capitellum are divided into three types (Fig. 10..9). Type 
I, refeaed to as the Halm-SteiDtbal fracture, is a single fracture fragment of 
the eotlre thiclulels of the capitellum (OTA Type 83.1). TypeD ia a frac­
ture involv:iDg oaly die artladar nrtace arul subdloDdral boDe. Type m is 
a compn:aaion f'l:actun: with eomminutioa of die articular ll1llface. The OTA 
group 38.2 is a fi:1K:tme of die 1rcx:blea and the lataa1. pet of the capitellum. 
The OTA 38.3 is a fractnre of the entire capitellum and a separate trochlear 
fragment. 1he OTA 38.2 and 38.3 fractures are rare. 

Radfognphle EQmlnatf911 

Amcropostcrior and paitic;ulady the lateral radiograph collfinn the diagnosis 
(Fig. 1 0..10). A low 11ing~column fradare may not be ea~ily differentiated 
from a~ I capitcllar fEactum. cr sam may be helpful in. sorting out die ex­
act fracture fragment11 requiring fixation in. the unusul 38.2 and 38.3 injuries. 

DefiDltive Maaagemeot 

Type I fractures are most often dispW:ed superiorly, and manipulative redu~ 
tion of the fractnre is usually incomplete. Open exploration of the fractnre 
through a lateral Kocher or Pankovich (ancoDCus) approach is recoiDIDCilded. 

FIG. 1 0..1 0 Lateral radiograph of the elbow. This is a type I capitellar fracture. 
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The single fragment is reduced and temporarily held with smooth Kirschner 
wires. Percutaneous CIUlil1llaled screws (2. 7 or 4 mm) or headless compreasion 
screws are applied over posterior-to-anterior guidewires. The screw end 
should not extend beyond the subchondral bone as compression is applied to 
the fracture line. A maxillofacial Y plate baa been sua:e&sfully used to treat 
type I fractures. Rigid fixal.ion and early mobilization reduce the chance of 
avascular necrosis and lead to the beat recovery of elbow motion. If the 
capitell.ar :fractUie ciiiiJlot be adequately immobilized or if the :fractUie frag­
ments during fixation, excision of the capitellum may be necessacy. 

Type n and m fractures are more difficult to fix because of lack of sub­
chondral bone for screw or wire pun:hase and due to fragmentation. Henl the 
fragments usually need removal and range of motion is ltJLrted within the first 
postoperative week. The results of treatment are less predictable. since joint 
instability may occur. 

When this injury is associated with a radial head fm.cture, the capitellar 
:f:ntgment is fixed and the Illllial. head fn1cWre is fixed or excised if comminuted 
A medial collateral ligament tear may preclude the excision of the radial head: 
a radial head p;rostheais with a soft tissue repair on the medial side is usually 
needed. 

The trochlear fractures (OTA/AO B3.2 and B3.3) are extremely rare as 
isolated injuries (Fig. 10-11). They are usually part of a more severe bone in­
jury such as a double-column distal hummJJ. fmctme, ulnar fracture, or elbow 
dislocation. Whenever possible. the trochlear fmgmcnt is reduced and :fixed, as 
described for the capitelhr fractures, with ciiiiJlulated screws, headless oom­
pression screws, or a tension-band Kirschner-wire construct. Invariably a 
small trochlear fragment is removed if satisfacamy reduction and rigid fixation 
are not possjble. 

INTRAARTICUIAR BICOLUMN FRACTURE (OTAIAO C3) 

The incidence of intraarticular bicolumn fractures ranges from 5 to 37% in 
adults. The mechanism of injury is not clearly eatabliahed. The most com­
DIOil aa:epted 1heory is a blow to the oleamon process with 1hc elbow IICiltely 
flexed. The olecranon acts as wedge between dle medial and latenl colUDlliS 
of the distal humerus. In one study, type C fractures occurred in 37% of all dis­
tallwmenl metaphyseal fractore3. mainly in fcmwles. 

FIG. 10-11 Trochlear (a) and capitellar (b) fracture in a 68-year-old woman 
(OTA group B3.3). A. Anterior view shows lateral subluxation of elbow joint. 
B. Lateral v1ew shows superior displacement of both trochlea and capitellum. 
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Clalllkattoa 

The CYfA/AO classification affords a co!Dpldlensi.ve breakdown of these~ 
ture patterns (Fig. 10-12). CYfA/AO Cl is aT -corulylar fracture without frag­
mentation. In the CYfA/AO C2, there is metaphyseal comminution. The CIT A/ 
AO C3 bas intraarti.cu1ar fragmeDta, which may be associated widl metaphy­
seal fmgmcntalion. Some researehcrs find the AO/CYfA radiographic classifi­
cation to be ovedy complex in some regi.oaa and incomplete in other fracture 
paltemll u determined at the time of mrgery. In one large ltlldy, the Cl, C2, 
and C3 fractures occurred with equal frequellcy. 

Dlagno•ls aadlaitfal Management 

Initial Tnatment 

Initial treatment consists of applying a long posterior splint to the extremity. 
Alignment of the arm ia improved without trying to reduce the fracture 
anatomically. To prevent vascular compromise. the elbow is maintained at 
4S degrees of fieldon. The extremity is elevated on pillows and ice is applied. 

Definltlve JIMaganent 
The primaly goal oftreal:ment of in1rautU:ular bicoJUJDIUI[ fral:tUies of the dis­
tal humerus (Fig. 10-13) is restoration ofpainleas functional-range elbow 
motion. Surgical.JIIIIIIaFmeat best aa:omplisbes these goals. although non­
operati'Ve or limited surgical treatment options exist. 

N(RJ()perative or Lim#ed Surgical Treatment 

Nonopaative or limited surgical trealmellt includes closed reduction and im­
mobilization, the "'bag of bones method," and an extemal fuwor. 

Closed reduction and immobilization is not a popular approach. Prol.ongecl 
immobilization of the elbow at 4S degrees is needed, and invariably this treat­
ment leads to a sliff elbow with malullion or nonunion. 

FIG. 10-12 OTA/AO classification of type C fractures. [From Orthopaedic 
T.mums Association Commltts6 for Codlng811d Classlftcatlon. Frscture 8lld Dis­
location Compendium. J Orthop Trauma 10(supp1):12-15, 1996.] 
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FIG. 10·13 Anteroposterior radiograph of elbow. T-type intraarticularfracture 
(type C1.1). 

The bq-of·boDCs medlod Cor the .iDfinD paliCDt who is not a candidate for a 
formal surgical~ COIISists of reduction of the fracture by compressive 
lllllllipulati.on. of the distal fiagm&mtll, followed by "collar-aDd-cuff stlappjDg'' 
and early joint motion 1112 weeks. This treatment is not for die active paticDt. 

&temol Fimtor 

An extemal. fixatm c:an be an excellent altemalive to wletalttaction (Fig. 
l 0-14), since mobilization of the patient is possible. Severely comminuted 
open frac:tures such as may be seen with gunshot injuries are ideal for this 
initiallllllllllgemcnt. The fixator is applied laterally on 1he extremity. It spans 
the elbow by using hliDII:IIl and ulnar pillS. A hinge in the fixator can afford 
stable elbow motion. The use of the extemaJ. fixator can be combined with a lim­
ited open mJuclion of the fr:actum and fracture fixation with c:annulated ~ 

FIG. 1 D-14 Overhead skeletal traction. 
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and pins. Care must be taken to avoid the radial nerve, which can be injured 
when the pins are placed on the distal humerus. 1bis is best accomplished by 
making a small incision and placing the pins with direct visualization of the 
humerus. 

Open Reduction and Internal Fixation 

The best results of treatment ofbicolumnar fractures occur with ORIF. A com­
plete set of plates and screws must be available, including a locking plate. 
Cannulated screws, Kirschner wires, and a minioscillating saw for the olec­
ranon osteotomy are needed. The surgery is best performed during the day, 
when the regular operating room staff is available; however, open wounds and 
vascular trauma require more urgent treatment. 

Surgical Approach 

General anesthesia is required. The patient remains in the supine position, or 
the lateral decubitus position with the patient supported by a beanbag can be 
used as an alternative. A sterile tourniquet may be necessary. The extremity 
is draped free and placed over the chest wall or, if the patient is in the lateral 
position, over a bolster with the elbow flexed at 90 degrees. Full exposure to 
the articular surface of the elbow and posterior humerus is necessary. The trans­
olecranon approach is recommended for the type C fracture. The ulnar nerve 
is mobilized from its anatomic location. An osteotomy is carried out at the 
midpoint of the olecranon, which is predrilled for screw fixation. The triceps 
and proximal olecranon are retracted proximally. 

The first step in stabilizing the fracture is to reduce and fix the intraarticu­
lar components temporarily by using Kirschner wires. The width of the 
trochlea must be preserved. Compression screws are then inserted from the 
medial or lateral sides of the condyles, with care to leave room for plates. 

Reconstruction plates (3.5 mm.), one-third tubular, or specially designed 
locking plates are used to secure the condylar fragments with the trochlea 
and capitellum to the lateral and medial columns. For high T or Y bicolumn 
fractures, the medial plate is placed along the ridge of the medial colwnn down 
to the medial epicondyle. Anterior transposition of the ulnar nerve is not 
needed. However, for low fractures, the plate is bent around the medial epi­
condyle and secured distally with at least two screws. Here the ulnar nerve is 
transferred anteriorly. The lateral plate is placed at a 90-degree angle to the 
medial plate to provide the greatest intrinsic stability to the fracture. 

The olecranon osteotomy is secured with a large intramedullary compres­
sion screw (6.5 mm), which incorporates a tension-band wire. Two Kirschner 
wires plus a tension-band wire is a popular alternative technique. 

Rehabilitation 

The postoperative care of the extremity in a cooperative patient will depend on 
the rigidity of fracture fixation, the condition of the soft tissue, and the pres­
ence of other fractures in the extremity. Typically a splint is used for the first 
week for patient comfort. Splinting the elbow in greater extension may re­
duce the common complication of loss of elbow extension. When the splint 
is removed, a hinged elbow brace is used to allow motion in a range that is 
determined to be stable at the time of surgery. Active and gentle passive mo­
tion is started after 1 week. If heterotopic ossification is a concern due to head 
injury or delayed treatment, indocin or irradiation should be used immediately 
after surgery. 
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Adjunctive treatment, such as continuous passive motion or the use of dy­
namic and static adjustable splints, is supervised as part of the rehabilitation. 
These devices are most effective during the first 3 months, when the tissue is 
amenable to stretching. Results are less predictable~. Both stsble fracture fix­
ation and a stable joint articulation are prerequisites for dynamic splint therapy. 

Arthroplasty 

For a severely comminuted distal humeral fracture, total elbow arthroplasty is 
a possible primacy treatment alternative in the elderly. Osteopenia of the ftag­
ments or advanced arthritis are conditions that favor a replacement arthroplasty. 

Compllcatloo.o 

The most common complications of distal humeral fractures are delayed union 
or nonunion, malunion, ectopic ossification, ulnar nerve injury, elbow stiff­
ness, and wound infection. 

Nonunion is associated with failure of the internal fixation. It can result in 
pain, instability,loss of elbow motion, and arthritis. Revision ORIF with bone 
grafting is necessary in these cases. A total elbow arthroplasty might be con­
sidered if bone stock is inadequate, as in the elderly or patients with advanced 
arthritis. 

Malunion of these fractures can lead to angular deformity at the elbow 
and elbow arthritis. Undercorrected lateral column fractures can cause cubi­
tus valgus and late ulnar nerve neuritis. Supracondylar osteotomy may be 
necessary to correct the malunion. Posttraumatic arthritis can occur if there is 
inadequate reduction of the articular surface or there is residual subluxation 
of the joint. 

Elbow stiffness is the most common complication of any severe elbow in­
jury. Almost all patients will lose some motion regardless of treatment modal­
ity. Loss of terminal extension is almost routine in these injuries. Treatment 
is best directed at prevention, with early motion beginning at 1 to 2 weeks after 
ORIF, provided that fixation is adequate. In these and other cases of posttrau­
matic arthrofibrosis, a comprehensive soft tissue release including capsulec­
tomy can be performed after osseous healing. This is also the preferred treat­
ment for heterotopic ossification if it prevents functional range of motion. 

Wound infection is treated aggressively with early irrigation and debride­
ment. Stable fixation should be retained, if possible, until fracture healing has 
occurred. 

PROXIMAL FRACTURES OF THE RADIUS AND ULNA 
AND ELBOW DISWCATIONS 

Diagnosis aod Illitlal Maoagement (Radial Head Fraeture.o) 

History and Physical Examination 

There is pain, usually localized to the elbow, but it may be deceptively re­
ferred into the forearm and wrist. Typically the patient has point tenderness di­
rectly over the radial head. The mechanism of injury is usually a fall forward 
with the elbow extended and the forearm pronated. The necessity for operative 
or closed management is determined clinically. The two important indications 
for operative intervention are a significant block to forearm motion and liga­
mentous instability. The hematoma is aspirated and the elbow injected with 
local anesthetic. The forearm is actively rotated with the elbow in 60 degrees 
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of flexion. About 50% of elbow rotation and extension-flexion should be re­
stored after aspiration and injection. 

Instability is due to disruption of the lateral and/or medial ulnar collateral 
ligaments or an associated fracture of the coronoid process. Stability is as­
sessed with the forearm supinated and the elbow flexed at 15 degrees, thus 
relaxing the anterior capsule and removing the olecranon from the olecranon 
fossae. ff the elbow ''books" open with a gentle valgus stress, the medial col­
lateralligament is tom. Posterolateral instability is also detennined in supina­
tion and extension by axial loading of the forearm against the distal humerus 
with a valgus stress. 

Radiographic Examination 

Anteroposterior and lateral radiographs confirm the diagnosis. The radio­
capitellar view may provide additional information. 

Initial Management 

A posterior splint with the elbow flexed at 80 degrees in neutral rotation and 
a sling provide initial support. 

Associated Injuries 

Associated neurovascular injuries are uncommon. Radiographs of the hu­
merus, shoulder, and wrist are obtained where indicated. 

The distal radioulnar joint is examined for tenderness, instability, and 
prominence of the distal ulna. ff these are present, there may be an associated 
Essex-Lopresti lesion. 

The radiograph is examined for signs of a more extensive injury: a coronoid 
fracture, an associated fracture of the capitellum, or an avulsion fracture of the 
medial epicondyle (indicative of an avulsion of the medial collateral ligament). 

Diagnosis and IDiUal Management (Olecranon Fractures) 

History and Physical Examination 

There is pain localized to the elbow and a history of trauma. Type n fractures 
are caused by indirect trauma, whereas type III and IV fractures are caused 
by direct trauma. Type V and VI fractures are high-energy injnties caused by 
a combination of direct and indirect forces. The physical findings are ecchy­
mosis, swelling, and, if the fracture is displaced, a palpable gap at the frac­
ture site. A break in the skin assuredly communicates with the fracture. 

Radiographic Examination 

Lateral and anteroposterior views of the elbow are obtained. The lateral view 
shows the location and direction of the fracture line, the degree of comminu­
tion, and whether there is an associated radiocapitellar dislocation. The an­
teroposterior view shows the presence of an associated radial head fracture 
and any lateral displacement at the radiocapitellar joint or proximal ulnar an­
gulation (suggestive of an incipient Monteggia injury). 

Initial Management 

A compression wrap is applied and the arm is placed in a sling for comfort. 
A splint is optional. ff there is an associated radial head subluxation, a closed 
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reduction will not be successful; because of the extent of instability, the frac­
ture must be stabilized. 

Hislol)l and Physical Examination (Coronoid Fractures) 

A fall on an outstretched ann driving the coronoid process against the distal 
humerus is the likely mechanism of injury. A history of associated injuries, 
such as an elbow dislocation and/or radial head fracture, is important. Palpa­
tion over the anterior elbow at the coronoid process causes pain, and there is 
local swelling. Extension of the elbow increases pain and may result in joint sub­
luxation or dislocation. It may be necessary to extend the elbow and pedorm 
stress tests, as previously described, to detect occult elbow instability. 

Radiographic Examination 

Routine AP and lateral radiographs are necessary to evaluate the extent of 
the injury. The lateral view is particularly important in determining the size 
of the fracture fragment. A study by magnetic resonance imaging (MRI) may 
be helpful in evaluating the integrity of the medial and lateral collateral liga­
ments. 

Initial Management 

It is important to determine if the elbow joint is stable by carefully stressing 
the elbow joint for posterior, posterolateral, and medial instability. Immobi­
lization at 90 degrees of flexion and neutral rotation is recommended for ini­
tial care. Surgical intervention is needed for elbow instability associated with 
type II and ill fractures, radial head fractures, or ligament disruption. 

Associated Injuries 

The most common associated injuries are elbow dislocation, radial head frac­
ture, and medial and lateral collateral ligament injuries. 

Diagnosis and InlUal Management (Elbow Dislocations) 

History and Physical Examination 

The patient presents with pain and swelling of the elbow. All elbow disloca­
tions are characterized by loss of the normal relation of the epicondyles to the 
tip of the olecranon. This physical finding may be obscured by swelling. How­
ever, if present, it distinguishes elbow dislocation from other injuries, such as 
extraarticular supracondylar and transcondylar fractures of the humerus. Pos­
terior dislocations are further characterized by apparent shortening of the fore­
arm and the elbow is fixed in 45 degrees of flexion. In medial and lateral dis­
locations, the elbow appears wider than normal, and there may be some active 
and passive motion of the elbow. In anterior dislocations, the elbow is fixed in 
extension, the forearm is usually supinated, and the capitellum and trochlea 
are palpable posteriorly. In divergent dislocations, the forearm appears short­
ened and the elbow is fixed in varying degrees of flexion. 

Radiographic Examination 

The diagnosis of elbow dislocation is confirmed by true anteroposterior and 
lateral radiographs. 
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Initial Monagement 

The elbow is splinted on a pillow or held in a posterior sptint IJidil radiographs 
are obtained and a closed reduction can be perfonned. 

Associoled lldllriu 

Associated injuries of the BUIIOUDdiDg neurovascular stnK:111es oc:c:or. 1be 
most clinically significallt injury involves the brachial artery. Associamd in­
juries of the mcctiaD, ulDar, and radial DaVes oc:cur with relative frequeDC)'; 
therefore a careful neurologic eu.mina!ion is essential. 

Associamd bone injuries are also oollllllCBl. The 111011t cliDically signifiCilllt are 
fracmres of 1he coronoid process and the ndial head or neck. The romhination 
of an elbow dislocalion with a coronoid proc:lCSS ~aDd radial bead fr:actme 
will reDder the elbow unstable (lmown as "the tarlble triad of the elbow") 8lld 
reqWre open mluction and Jl!llttacbmeqt of the coronoid proc:e8S fracture and 
ORIF or replacement of 1he radial head fracture to adlieve stability. 

An UDdiaplaced fracture of tbe radial head or neck may displace durlDg 
closed redu.cti.on. In addition to radial head and neck fractnres, there are 
frequendy fractures of the medial or lateral epicondyles. These frac1ures 
become clinically significant when they prevent a concentric reduction; if 
they remain di.splti:ecl. no1111Di.cm is likely. Radiographs of the distal h11111CIUS 
are examined for evidence of intraarticular osteochondral fractures; these can 
prevent concentric reduction and increase the likelihood of posttraumatic 
arthritis. 

RADIAL HEAD FRACTVRES 

Cluslficatloa 
Fractures of the rad.i.al head are classified acconliq to displacement, emnt 
of involvement, and associamd dislocations (Fig. 10-l.S). Type I fracamcs are 
displaced <2 mm. TypeD fl:ac!QmJ are displaced :ll:al:tums involviDg Ollly part 
of the joint surface. The comminuted type m fractures involve the entire head 
or DeCk (Fig. 10-16). Type IV fractures are radial head fractures associated 
wilh elbow instability or radioulnar dissociation (i.e., the Monteggia equiva­
leD1 or Essex-Losm:sli lesion). 

FIG. 10·15 The classification of radial head fractures: A. Type I. B. Type II. 
C. Type Ill. D. Type IV, showing an asooclated ulnar fracture (Monteggia frao­
tur&dislocation). 
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FIG. 10·18 Lateral radiograph of elbow: type Ill comminuted radial head 
fracture. 

Definitive .llfuagemeat 

The type of fracblm determines .IDliDagmllCDt Type I fractun:& (undisplaced) 
and type nand m fractores wilbout a mechanical block (60 degrees each of~ 
tivc pronation and supinali011. and 70 degR'CS of total assisted extm&ionlflcxi011. 
after local aneslhetic elbow block) are treated nonoperadvely. The patient is 
plac:ecl in a sting for 3 weeks and. gentle ave nmgc of motion is CDCOOiagcd. 
At 3 weeb, the sling is discontinued and more aggressive physicallherapy is 
iDi.tiatcd. 

Fractures associated with elbow instability, a loose body, or a mechanical 
block to elbow motion rcquiie opcntivc intmvcntion. The decision to mlucc 
and intemally fix the fracture or to excise the radial head, with or without 
prosthetic rcpW:cmeut, is made after exammation of stability UDder ancs~ 
sia and once the fracture is exposed. Circumstances against fixation of the 
radial head are an elderly pal:icnt, injury of the capi~llum (if UDdisplaced or 
repairable), and preexisting osteoarthritis. Cin:umstallces for fixatiOII. include 
a young patient, involvement of only part of the radial head (i.e., type D), 
and. associamd instability (i.e., type IV). In patients with associated instabil­
ity,lhete are two altemativcs: reduction and fixation of the radial bead or ex­
cision and. replacement of the head with a metallic prosthetic spacer, followed 
by ligament repair. 

Exposure through the aneoDeUS approach is used ODl.y when the elbow 
joint is stable and no additional epairs (coronoid or capsule and. collatmll 
ligaments) are anticipaled. The interval between the anconeus and flexor carpi 
ulDaris is developed. The insmion of the am:oDCUs is reflcc:ted from the ulna 
and joint capsule by blunt dissectioll. If the capsule and synovium are not tom. 
they are incised longitudiDally. One should not hesitate to incise the annular 
ligament to obtain wider exposure. In addition, the proximal or distal portion 
of the capsular incisi011. can be opened in the shape of aT. As the foreann is 
prouatccl and supinated, the entire radial head is visualized. Some associated 
ftaclmcs of the u1Da and capitellum can be mluccd and stabil.i.r.cd through 
the same surgical approach. 

Fragments are reduced and fixed with vay smaD. cortical~~C:mWs (Fig. 10-17), 
headless compression screws, or Kirsclmer wires. Ideally, the implams are 
bm::i.ed below the articular cartilage. It is impartall1 to mncmbl:l' that the an­
terolatenl quadrant of the radial head does not articula~ with the ulna llld is 
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FIG. 1 0·17 Fracture of the radial head (A), treated by open reduction and 
Internal fixation with a mlnlplate and screws (B). 

therefore die optimal portal for fuwion (Fig. 10-18). If depreasion of the ar­
ticular surf~a ill ~elevation aDd bone gEafliDg an: perfonned. 

If the radial head ill resected, the neck is p-eserved. The edges of the meta· 
~~is are smoothed, and bony spikes are removed. If a metallic prosthesis is 
inserted, the size should match that of the excised radial head. A metal pros­
thesis, made of vitalli.um ar tiiamium, is ptefened over the once popular Silas­
tic implant (Fig. 10-19). A more recent two-piece modular design hu aeveral 
choices of radial head and stem sizes. The stem is made to spin within the 
radial canal with forearm rotation. Silicone aynovitill and poor force-bearing 
properties have euded the use of silicone prostheses. 

Radial Had Pndure As1odated with Elhw lutabllllJ 
Prior to the inciaion and fi.ul:ion or lq)llK:ement of the mdial head. the elbow 
and forearm are put through a range of motion and stability is tested. If the 
elbow subl.uxates posteriorly with the fomam .in neu1ral rotation .in 1hc arc 1» 
tween 20 and 130 degrees, a lamral capsular disruption, lateral collateralli.g-
8DlCDt r:upt~~m, or conmoid process fiadnre will need repair along with fixalion 
or repl~ament of the radial head. This requires an extended lateral incision 
aDd, if needed, a medial inci&ion to r:epair 1hc medial collatc:rall.igammt. Alter-

FIG. 1 D-18 'Safe zone" of radial head for plate or screw placement. 
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FIG. 1 D-19 Fracture of the radial head treated with metallic prosthetic re­
placement. Lateral radiograph of the elbow. 

natively, a uoiversal posterior iDclsion with dissection lalerally (and medially) 
can be used. 

The repair starts with the coronoid fracture, 1ben the antmior capaule, the ra­
dilll head. md fi.Dally the latmllligaments along with the posterior lateral 
capsule and extemor origin. Medial collateral ligament repair and the use of 
a bi.Dged cxtemal fixatm follDw sequentially if iDstability persisla. 

In addition to elbow stability, the stability of the distal radioulnar joint is as­
sessed. If radioulnar clissoc:ialion is preaent. lhe distal ulDa will sublux doraally 
with pronation of the forearm. 'Ibis n:qoires fixation. as discussed further on. 

Postoperatively. lhe ann is placed in a sting or. if 1111 associated ligamm­
tDWI injury was repaired. a splint with the elbow at 90 degrees and the fore­
mm in pronation or DCutral rotation. Tbe sllilg or splint is removed dne times 
a day for supc:rvi.sed active assisted I'IIDge-of-motion exen:ises. Flexion and ex­
tension are done with the fomum. in pronation if lateral capsularlligameDtous 
repair wu neceaslll)'. Rotation is done with die elbow at 90 degrees. At 3 to 
4 weeb, the sllilg or apliDt is discoatiDuecl. Patiems wilh associated IadioulDar 
dissociation present a unique set of problems. In these injuries, the in­
terosseous membrane and distill radioulnar joint capsule are disrupted md 
pronation and supination exen:ises may lCIUlt in displac:ement. Therefore, af­
ter ORIF of 1he radilll head, lhe distal radioulmlr joim is pUmed with 1he fo~ 
mn in neutral rotation. Four weeks postinjury, the pin is removed. Tbe splint 
is continued but is nmoved diRe times a day for J:liii&CH)f-motion exm:ises. 
At 6 weeks, lbe splint is di.scontinned. In cases in which a proslbesi.s has been 
Wled. comidmltion cm be given to mnoval oftbe prosthesis 1 year postinjury 
in young patientll. At this time, lbe radius ahould not migrate proximally. 

Complh:atioaa 

The complications following radilll head fru:ture include loss of motion, 
posttraumatic arthritis, instability, and shortening of the radius with resul­
tant wrist pain. 

Lou of m.otioa is the most common complication seen with either non­
operative or operalive management. Surgical removal of displaced. or angulated 
small fragments or radial head excision for an incongruous radiocapitellar or 
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proxjma1 J'lldioulllar jaiDt often can DD.prove joiDt motion. 
Pasttraamatle arthritis isiDllll.llged with nonsteroidal anti-inflammatory 

drugs (NSAIDs) and loca1 steroid injection; occasiODally, excision of dle ra­
dial head is required. 

Radlalsllortadq can follow excision of the radial head. The patient com­
plaios of pain at the distal radioulllar joint, made wane by grip and lll:temptiDg 
to rotate the forearm. In DWly cases, there is obvious proximal migration of 
the radius i.n relation to dle ulna. An MRI atudy may be required to dcmou­
saate disruption of the ligamentous porti.ou of the i.ntauascous memlmme. In 
symptomatic patients. when CODierYative treatment has failed, ulnar shorten­
ing is usually .iDefrcctive, as are most other methods of aUIJical m:cmstlw:­
tion leveling the distal J'lldioulllar jaiDt. 

In iDstlml.lca iD which damage to the interosseous membrane is suspected, 
radial head resection must be avoided. When the radial head fracture ia too 
comminuted to achieve intema1 fixation, a delayed radial bead excision. the 
uae of a radial head prosthesis, and stabilization, repair, or reconstruction of 
the central band of the interosseous membrane must be considered. 

OLECRANON FRACroRES 

Olecranon fncture& .involve the ulna prollimal. to the coronoid process. The 
majority of olecranon fractures are i.ntraarticular. 'I'bere may be an associated 
fractuM of the radial head or displac:cment of the ulna with a dial.oc:ation of 
the radiocapitellar articulation. 

Cluslfkattoa 
Olecranon fractures are classified into six types based on the presence of dis­
placement, .intraarticular involvement, comminution, radial head fracture, 
and radiocapitcllar dislocation (Fig. 10-20). Type I fnctures an~ displal.:ed less 
than 2 mm. without an i.ntraarlicular stepoff. Type II fractures are cx1raartic­
ular and involve the prollimal portion oftbe olecranon. 1'bese fractures involve 

·~·~~ 

·~~·~\}~ 

·~~ '&/~= 
FIG. 1 0-20 The classification of olecranon fractures: A. Type I. B. Type II. 
C. Type Ill. D. Type IV. E. Type V. F. Type VI. 
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an avulsion of the triceps tendon from the proximal ulna. Type m fractures are 
simple intraarticular fractures with a transverse or oblique pattern. Type IV 
fractures are comminuted. The fracture lines may extend distal to the olecra­
non, and there may be depression of an intraarticular segment. Type V and 
VI fractures are either an olecranon fracture with an associated dislocation of 
the radiocapitellar articulation or an associated radial head fracture. The olec­
ranon fracture in a type V or VI fracture is invariably displaced and intra­
articular (i.e., a type ill or N fracture). 

De.finltive Mauagement 

The goal of management is an elbow with a functional, painless range of ro­
tation and flexion/extension. It is important to preserve flexion even at the cost 
of losing some extension. The articular surface should be anatomically re­
duced to minimize the incidence of posttraumatic arthritis. 

Undisplaced fractures (type I) are managed by splinting the elbow at 90 cJe.. 
grees for 3 weeks. The splint is removed once a day for active assisted range 
of motion. Radiographs are obtained at weekly intervals to confirm that the 
fracture fragments have not displaced. At 3 weeks, the splint is discontinued, 
and a sling is used for the next 3 weeks. 

Type II, ill, N, V, and VI fractures are managed surgically. Type II to V 
fractures are approached by way of a straight posterior incision over the sub­
cutaneous border of the olecranon. Type II and transverse type ill fractures 
can be stabilized by using the tension-band technique with 2.0-mm Kirschner 
wires and an 18-gauge wire. A 6.5-mm cancellous screw and washer can be 
substituted for the Kirschner wires. 

Oblique type ill fiactures and all type Nand V fractures are stabilized with 
a plate and screws. A 3.5-mm reconstruction or dynamic compression plate 
should be used on the dnrsal (subcutaneous) surface and frequently needs to be 
contoured around the proximal end of the olecranon process for orthogonal 
screw placement to achieve stable proximal fragment fixation. Contoured 
anatomic plates are also manufactured. Fixation with a plate as opposed to a 
tension-band wire is indicated for two reasons: first, to prevent shortening of 
axially unstable fractures (i.e., oblique type ill fractures and type N fractures), 
and second, to provide rigid stabilization of the olecranon and prevent dis­
placement of the radial head in patients with type V fractures. Type VI frac­
tures have an associated fracture of the radial head. The radial head fracture 
may have to be reduced and stabilized or replaced with a prosthesis (Fig. 10-
21). 

Early postoperative motion is encouraged after 4 or 5 days of splint sup­
port to control pain and swelling. 

Compllcatloo.o 

Complications include loss of fixation, nonunion, infection, posttraumatic 
arthritis, and radioulnar synostosis. 

Loss of fixation is often the result of underestimation of the personality of 
the fiacture and inadequate initial fixation. This should be managed by revis­
ing the fixation in accordance with principles laid out above. Excision of the 
proximal fragment and attachment of the triceps tendon to the remaining ole­
cranon is suitable for type IT fractures and some types III and IV. Before the 
fragment is excised, it must be confirmed that the elbow is stable without the 
fragment (i.e., that the radial head and remaining olecranon will not sublux 
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FIG. 1 0·21 Comminuted olecranon process fracture treated by plate fixa· 
tlon. Type Ill radial head fracture replaced with a prosthesis. Note proximal con­
touring of the plata and orthogonal screw fixation. 

anteriorly once the fragmcDt is removed). If a minillllllll of 30 de~& of the 
trochlear notch remains, the elbow will probably be stable, but this must be 
confirmed intraoperatively by removing all fixation, 11cxing lhe elbow to 90 de­
grees, and gently stressing the elbow. 

Noallllioa may be asymptomatic due to fibrous tisiiUC between the frag­
ments. Symptoma!ic nonunions are managed with reduction, plate fixation, 
and autogenous cancellous boDe grafting. 

IDfecdoll occurs occasioDally because of the subcutalleous location of the 
fracture. AggMs&ive Dlllllagemcnt is important because of elbow jomt prox­
imity. Fixation providing stability is maintained along with debridement and 
ilrigation of the wound and joint; 11118tllble fixation and necrotic tissue are re­
moved. Paremeral anbbi.otics are required and an infections disease consulta­
tionisprudmt. 

Pasetraumadc u1brltlt is Dl8ll.lpd conservatively widl NSAIDs or staoid 
injection. 
Radioulnar~ occurs mostfrequendy after type IV, V, or VI frac­

tures. Management alternatives include doing nothing, resection of the os­
seous bridge, or osteotomy to place the hand in a more flmdional position. 

CORONOID FRACTURES 

Tbc coronoid pmcess is impmtmt as a restmint apinst posterior displal;emeut 
of the ulna and as the aaacluoent of the medial collareml.ligament. The ante­
rior capsule inserts at its base S mm. distal to the intraarticular tip. bollded 
coronoid fracture8 are uncommoD. 'lbcy usually occur in usocialion with elbow 
dislocations and radial head fracWml. 

Clasllkatloa 

The Regan-Money clas&ification. of coronoid fi:'actne& describes thee types 
(Pig. 10-22). In type I. the tip of the process fractures. This is believed to be a 
sign of posterior elbow diapl~ment (a shearing fracture of the coronoid 
against the distal humuus) and not an awlsion fracture. Type II involves 
about SO% of the coronoid and can be c:omminutcd or a single fl:agmcn1. The 
type m fractnre involves most of 1be coronoid process. A type IV fracture is 
either a type II or m fracture with extension alcmg lhe medial cortex to involve 
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FIG. 1 D-22 Regan-Morrey classification of isolated coronoid process 
fractures: A Type I. B. Type II. C. Type Ill. 

the attachment of the medial collateral ligament 

DeJimtive Mauiemeal 
Type I 

The ~ is uswilly 1mtted amservatively because sufficiem wronoi.d 
process is intact to maintain ulnolmmenl joint stability. The extremity is 
immobilized in a lcmg postaior splmt with the elbow flexed at 90 degr=s 
and the foreann in neutral rotation. Active elbow range of motion is started 
after 7 days and full exJcDsion is avoicled for tbe first 3 wecb. A mnovable 
prefabricated splint or sling between exercise sessions may be useful. I..amr, 
progressive mlisti.ve exenises an: started and contiDued wtil the patiem 
reachell muimum medical improvement. Since an isolated fracture is 
UD!ibly, ligament damage due to elbow subluxation or dislocation must be 
decmmined. Treatment of an associafed injury is usually more important than 
tbe type I ccmmoid fiactuie. 

TypeD 

When about SO'll of the coronoid is fradured, die elbow joint is pc!Cmltially un­
stable. This can be evaluated by chec:king for posterior displacement of die 
foreamlas the elbow is extencled beyond 60 degreea. A grossly unstable joint 
is an indication for surgical mluction and fiuti.on of the coron.oid fracture. 
Surgery is also indicated for the "tenible triad" injury. Here the type n coro­
noid fracture is associated wid! a radial head fracture and an. elbow dislocation. 
Reducing and fixing the coronoid and radial head fracturea and die tom laleral 
collateral ligament complex are necessary to n~store elbow joint stability. 
Prosthetic replacemcnt of die radial head ma:y be needed for liDl'epllirable type 
m radial head :~iactma (Fig. l0-23). 

Type HI 

Elbow inatability is expected with this fracture. ORIF with a suture, piu, 
and/or SCR~Ws is the treatment of choice. AD articulated extmlal. fixator can 
be used if it is not possible to repair the coronoid process or if, in spire of the 
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FIG. 10-23 "Terrible triad" of the elbow injury: unstable posterior disloca­
tion with fractures of the coronoid process and radial head and disruption of the 
lateral collateral ligament complex. A and 8. Preoperative anteroposterior and 
lateral radiographs. C and D. Radiographs after repair of the coronoid process, 
radial head prosthetic replacement, and repair of the lateral collateral ligament­
capsular complex with suture anchors. (Coultesy of Dr. John A Elstrom.) 

repair of associated radial head and ligamelltous injuries, the elbow joint Je­
maioa UD&table. 

Sargical Maupment 

The surgical approach to the coronoid process depends on the associated 
injuries. If 1henl is l.atenJ. coUaterall.i.g&meut complex diBruption and/or 1he 
radial head fractnre requires pmsdletic 1eplacement, an extended. lateral sur­
gical approach em be used. If theie is dWuption of the medial collala'alliga­
ment complex. a medial approach may also be needed. The important con­
sideration is to use the soft tissue defccta created by the 1.tauma and avoid 
creadng additional surgical damage. (See also ''Radial Head Fractarc Associ­
ated with Elbow Jnstabillly,'' above.) 

A medial approach exposes and protects the ulnar nerve. The flexor-prona­
tor muscle mass is rcleued from the mectial condyle if not disrupted. The 
bmcllialis muscle is retlected off the anterior capsule, which ill incised to ex­
pose 1be coronoid fl:actuie. Sctew fWtion provides the best stabilization. This 
can be accomplished with a cannulated headless compression screw placed 
over a guide pjD .iDsezted from a postmar ulnar iiK:ision or diRcted posteriorly 
from the site of reduction. Heavy nonabsorbable sutures around the coronoid 
ftaplent and tbrough drill holes in the ulna is an altemative me1hod when 
the fragment is not congenial to screw fixation. 
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Postoperative management depends on the stability achieved with joint 
and fracture fixation. Early motion is desirable, but joint stability is essential. 
The rehabilitation protocol outlined above for radial head fractures with as­
sociated ligamentous instability and/or coronoid fracture applies here. An ex­
ternal fixator is usually removed after 6 weeks. 

CompUcatioDJ 

Complications consist of stiffness, instability, pain, and ectopic ossification. 
Stiffness of the elbow is the most common complication. The loss of mo­

tion is minimal for type I fractures. Loss of 80 degrees of total elbow motion 
is associated with type III fractures. Early dynamic splinting can minimize 
contractures. Capsular releases and a hinged external fixator may be necessary 
to increase elbow motion after fracture and ligamentous healing. 

Instability following adequate surgical treatment must be addressed 
promptly by obtaining congruous elbow joint aligoment and applying a binged 
external fixator to allow joint motion. This can provide joint stability while 
capsular and ligamentous injuries heal and minimize the loss of motion seen 
with the neglect of cast immobilization. 

Pain is commonly associated with instability, posttraumatic arthrosis, and 
elbow stiffness. Treatment is directed at the underlying cause. 

Ectopic ossification is seen in patients with head injury or in whom surgery 
is delayed more than several days after a fracture-dislocation. Indocin can be 
used prophylactically to minimize the potential for ectopic ossification. Exci­
sion of the ectopic ossification is indicated if elbow stiffness prevents elbow 
flexion beyond 90 degrees. Low-dose irridation is advisable within the first 
48 h after excision. 

ELBOW DISLOCATIONS 

This section reviews elbow dislocations, excluding Monteggia fractures and 
isolated dislocations of the radial head. 

Classification 

Elbow dislocations are classified according to the position of the radius and 
ulna in relation to the distal humerus. The types of elbow dislocations are 
posterior, medial, lateral, anterior, and divergent. 

Posterior dislomtions are by far the most common type of elbow disloca­
tion. In addition to being posteriorly displaced, the radius and ulna may be dis­
placed aligbtly laterally (Fig. 10-24) or medially. The presence of medial or 
lateral displacement does not affect the management or the prognosis. 

The presence of a fracture of the radial head or coronoid process will fre­
quently render the reduction unstable and thus require open fixation of these 
fractures (Fig. lQ-25). 

Medial and lateral dislocations are rare injuries. These have a poorer 
prognosis than the more common posterior dislocation. Frequently, a medial 
or lateral dislocation is, in reality, a subluxation (i.e., in a medial dislocation, 
the trochlear notch articulates with the medial epicondyle and the radial head 
articulates with the trochlea; in a lateral dislocation, the trochlear notch artic­
ulates with the capitellum. 

Anterior dislocations of the elbow are extremely rare injuries. The mech­
anism of injury is either traction on the forearm with the elbow extended or a 
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FIG. 1 0·24 Posterior dislocation of elbow. A. Anteroposterior radiograph 
shows some lateral displacement. 8. Lateral radiograph shows the posteriorly 
displaced radius and ulna. 

blow to the posterior aspect of lbe flexed elbow. 
DiYft&CDl dislocations ue also nuc injuries. 1'lKiy am dis1inct from otla 

types of elbow disloca!iolls becaDSe there is di.ssociadon of die radiDs and u!Da. 
Tbc mmular ligammt and imerosseous membnmc must be tom for a clivergcm 
dislocarlon to occur. There are two varieties, anteroposterior and mediolafcral. 
Jn mtaupostaiar diveqmt di.slocaticms, the Iadia1 head ia dislocated mteriody 
into the coronoid fossa and the ulna is dislocated posteriorly, with the coro­
noid pocess in the oleaanon fossa. Jn mcdiolatmd div&qeDt di.slocaticms, the 
Iadia1 bead articnlams widllbe tmchlea and the trochlear notch articnlams with 
the capi~Unm. 

Definitive .llfuagmeat 

Jn most cues, IDIIJilllemezd is closed teductim under local aneadlesia followed 
by splinting. Regioaat or general anesthesia with fluoroscopic monitoring is 
used if there is m associated undisplac:ed fracture of the radial head or neck. 
Open reduc:Uon is indicated if thm are any of the following: an interposed os-

FIG. 1 D-25 A. Lateral radiograph of unstable fracture dislocation of elbow, 
reduced but grossly unstable due to type Ill radial head fracture, type Ill coro­
noid process fracture, and disrupted medial collateral ligaments. 8. Open re­
duction of coronoid process fracture, replacement of radial head with Evolve 
modular radial head Implant, and repair of collateral ligaments. 
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teochondral fragment preventing concentric reduction, irreducible dislocation, 
displacement of a fracture of the radial head/neck, or dislocations presenting 
for treatment more than 1 week following injury. 

Oosed reduction is performed as atraumatically as possible. This requires 
adequate analgesia and muscle relaxation. The specific reduction maneuver 
depends on the type of dislocation. 

Posterior dislocation is reduced by traction in line with the deformity after 
correcting any medial or lateral displacement of the forearm to align the olec­
ranon with the distal humerus. This method allows the coronoid process to 
slip distally past the humerus, and the elbow is flexed to 90 degrees. There 
should be immediate relief of pain and increased motion. If this maneuver fails, 
the patient is placed prone on a stretcher, with the arm and forearm hanging 
over the edge; a 5- to 10-lb weight is suspended. from the wrist. After 5 min, the 
arm is lifted while flexing and reducing the elbow. 

Failure to adequately reduce the fracture in the emergency room requires a 
repeat attempt in the operating room under general or regional anesthesia, with 
complete muscle relaxation. Soft tissue or incarcerated loose fragments (i.e., 
an incarcerated medial epicondyle) may block reduction, necessitating an 
arthrotomy. 

Dislocations more than 10 days old are best treated by open reduction. The 
Kocher incision will provide access to the radial capitellar joint, and a medial ap­
proach will provide access to the medial epicondyle and the ulnar humeral joint. 

Fracture of the radial head can be associated with an elbow dislocation and 
disruption of the medial collateral ligament. A displaced radial head can block 
motion in any plane. Because the radial-capitellar articulation is a secondary 
stabilizer to valgus stress, it is preferable to repair the radial head so as to avoid 
valgus instability. If repair is not possible, radial head replacement with me­
dial collateral ligament repair is indicated. 

Large displaced fractures of the coronoid process are associated with re­
current dislocation and need surgical repair. 

Medial and lateral dislocations are rednced by tmction and medial or lateral 
pressure. 

Anterior dislocations are reduced by applying longitudinal traction to the 
forearm. A posteriorly directed pressure is applied to the anterior aspect of the 
forearm, while counterpressure is applied to the posterior aspect of the humerus. 

Anteroposterior divergent dislocations are reduced by reducing first the 
ulna and then the radius. The ulna is reduced as if it were a posterior disloca­
tion. The radial head is reduced by direct pressure and supination of the fore­
arm. Mediolateral dislocations are reduced with traction and by pressing the 
radius and ulna together. 

CompUcaUons 

The complications of elbow dislocation include chronic instability, posttrau­
matic arthritis, loss of motion, and heterotopic ossification. 

Chronic ligamentous or capsular instability after elbow dislocation can 
cause chronic subluxation, redislocation, valgus instability, or rotatory in­
stability. Chronic subluxation and redislocation are best prevented by care­
ful primary diagnosis and complete surgical repair. Late diagnosis is man­
aged with repair or reattachment of the anterior capsule and coronoid 
process, repair or prosthetic replacement of a fractured radial head, and re­
pair or tendon reconstruction of the medial and/or lateral (ulnohwneral) lig-



142 HANDBOOK OF I'RACIURiill 

FIG. 1 o-26 Hinged extemal fixa!Dr used to stabilize a chronic elbow dislocalion. 

aments in conjuDCti.on with a hiDgcd bnwe or hinged extmlal fixator (Fig. 
10-26). Valgus instability iaiDliDllged by repair or recoutrw:tion of the an­
terior portion of the medial coUateralligament; posterolateral instability is 
managed by repair or reconstruction of the lateral coUateralligaments and 
lateral capsule. 

Betentoplc ..uJcatioD usually involve& the coiJaleral.ligamentll, Cllplllle, 
or brac:hilllis.IDi.ti.ally, it is lllliiUiged by discol11.imliDg all pusivc motion ex­
ercise& and admini&te:rlng .indomethacin. Hetmotopic bone can be excised after 
it bas matumi, u indicated by a cold bone scaD and normal serum lllbline 
phosphatase levels. Preoperatively, cr or MRI helpa to delineate the relation 
of the hcterotopi.c 011ai1ication to SliiiOUDdiDg neurovucular s1ructuml. 
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11 Fractures of the Forearm 
John A. Elstrom 

The fractures of the forearm discussed in this chapter include fractures of both 
the radius and ulna, isolated fractures of the radius and ulna, the Monteggia 
fracture (fracture of the ulna with dislocation of the radial head), the Galeazzi 
fracture (fractures of the distal radius with displacement of the distal radio­
ulnar joint), and the Essex-Lopresti injury (radioulnar dissociation with injury 
at the radial capitellar joint). 

ANATOMY 

Important anatomic featuies of the forearm include the radius, ulna, proximal 
and distal radioulnar articulations, interosseous membrane, muscles, nerves, 
and arteries. The proximal and distal radioulnar articulations are described in 
Chaps. 10 and 12. 

The radius is an extension of the hand. It has an apex lateral bow, which, if 
allowed to heal unrestored (i.e., straightened) after a fracture, will result in 
loss of forearm rotation. The shaft of the radius is triangular in cross section. 
with its ulnar comer serving as the attachment of the interosseous membrane. 
The blood supply of the diaphyseal cortex of the radius is through periosteal 
and intramedullary vessels. The intramedullary vessels originate from a single 
nutrient artery that enters the radius through a foramen on the anterior surface 
of the radius in its proximal third. 

The ulna is an extension of the ann; it has a slight posterior curve at its apex. 
The proximal half of the ulna has an apical dorsolateral curve, and the distal 
half has an apical volar curve. The radial border of the ulna serves as the at­
tachment of the interosseous membrane. The posterior, or subcutaneous, sur­
face is the origin of the deep fascia of the forearm. The blood supply of the ulna 
is through periosteal and intramedullary vessels, which originate from a single 
nutrient artery entering the ulna through a foramen on its anterior surface just 
proximal to its midpoint. 

The interosseous membrane is a fascial sheet whose fibers are directed 
fanwise from the radius to the ulna. A condensation of fibers in its midsub­
stance is termed the interosseous ligament. Gaps in the interosseous mem­
brane transmit the anterior and posterior interosseous vessels. The interosseous 
membrane separates the ftexor and extensor compartments and serves as the 
origin of both flexor and extensor muscles. It also dampens the transmission of 
proximally directed forces along the radius to the capitellum. An intact in­
terosseous membrane is strong enough to resist proximal migration of the 
radius, making possible resection of the radial head. 

The muscles of the forearm are divided into flexor and extensor compart­
ments (Fig. 11-1 ). The flexors are further divided into superficial flexors orig­
inating from the humerus and deep flexors originating from the radius, ulna, 
and interosseous membrane. The superficial group includes the pronator teres 
and the flexors carpi radialis, palmaris longus, carpi ulnaris, and digitorum 
superficialis. The deep flexor group includes the ftexors digitorum profundus, 
pollicis longus, and pronator quadratus. All the ftexors are innervated by the 
median nerve or its anterior interosseous branch except the flexor carpi ulnaris 
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Ant. Interosseous n.anda. 

Baslllcv. 

FIG. 11·1 Cross section through the middle of the forearm showing the in­
terosseous membrane and the superficial and deep flexor and extensor com­
partnents. Superficial flexor comparttnent: (1) flexor carpi ulnaris, (2) flexor digi­
torum superflclalls, (5) flexor carpi radialis, (6) pronator teres. Deep flexor 
compartment: (3)flexordigitorum profundus, (4)flexor pollicis longus. Superficial 
extensor compartment: (7) musculus brachloradlalls, (8) extensor carpi radialis 
longus, (9) extensor carpi radialis brevis, (10) extensor digitorum, (11) extensor 
digiti mlnlml (v), (15) extensor carpi ulnarls. Deep extensor compartment: 
(12) supinator, (13) abductor pollicis longus, (14) extensor pollicis longus. 

amlthe ulDar side of 1he Oexor digitmum profundus. These ue imle:zvated by 
the ulnar nerve. 

The ancerlor IDteroueou Da"Ve atiJea from the postaior aspect of them~ 
dian nerve in the proximal forearm and supplies lbe flexors pollicis IOIJIWI and 
digitorum profundus, part of 1he flexor supc:rJicialis, aDd the prouator quadra­
tus. It baa tmninal. IIC!UIO%)' fibers to the joints that make up the wrist. Injury 
to the mtcJ::i.or i.Dtmlascous merve is uaually indicated by wealmcss or loas of 
inmrpha1angeal joint flexion of lbe 1humb aod index finger. 

The atebllor compartmmt is divided mto superficialaml deep groups. The 
muscles of 1he supediclal group originate from 1he humerw1 and common ex­
teusor teDdoD. The superficial group includes the brachioradialis, extcDSors 
carpi radialia longua aod brevis, extensor digitomm, exteD&or digiti m.ini.m.i. 
8Dd exteDsar cmpi ulmais. Tbe deep cxtcDSor group iDcludcs the supiDator, ab­
ductor pollicis longus, extensors pollicls longus and brevis, and extensor in­
dici.s. With 1be exception of the supinator, the muscles of the deep exteDsor 
group originate from the radius, ulna, and interosseous membrane. The mus­
cles of the extemor CQIIIJNIEtmeDt are imle:zvated by 1be radial nave or its ter­
minal muscular brand!, the posterior mterosseous nerve. 

'l'IRe IDWICles span the Illdius md uiDa: the prolllltor tems, pronator quadla­
tus, aod aupinalor. Following a forearm fracture, they nanow 1he interosseous 
spu:e, n:sulting in loss of fomu:m rotation. 

The bradUal arlel'f divides into 1he ndial and uiMr lll'ferles 1 em diatal 
to the elbow jomt. Tbe radial ar1:ay IUDS aloug the Iadial side of 1be forearm to 
the wrist, where it lies between the flexor carpi radialis tendon and the radiua. 
It is most easily palpated in this location. The raclial artery terminates in die 
deep palmar arch. The ulnar artery runa along the ulnar aide of the forearm un­
til it reaches the wrist. AloDg the way, it gives off several braDcbea, the most 
important of which is the common interosseous artery. Thill, in tum. gives 
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off the mterior aDd posterior interosseous arteries. The mterior interosseous 
artery II1Dll on the anterior l1llface of the inmro&seous membrane with the an­
terior interosseous braDch of the median nene. It gives off muscular branches 
and the nutrient arteries supplying the radius aDd ulna. The posterior in­
terosseous artery traversestbe interosseous membrane proximally to md1 the 
extensor compartment, where it :runs between the superficial and deep groups 
of muscles, gi.W!g off numerous muscular bJ:mches. 

ClaiiUkatloa 
JDjurles of the fomaim am broadly claaai&d iDID two groups: simple and com­
plex. Simple IDJules are fractures without associated ligamentous disrupti.oD. 
IDcluded in Ibis group am iaolatcd fiactw:s of the ndi.us aDd ulua (the "night­
stick" fracture) (Fig. 11-2) and fractures of both 1he radius and theulna(the 
"botb-bcme" fiactum) (Fig. 11-3). Simple injuries am the result of dim:ttmuma 
(e.g., a blow to the forearm). They are described as being closed or open, un­
comminuted or c:omminuted. and undisphwed or dispW:ed; if displaced, thm 
shortenOO or angulated. Isolamd fractures of the pmlEimal ulua are more likely 
to be complex iujurles. 

Complex Injuria am cbaracterized by ligamentous dismption. 'I'bese in­
juries cliarupt either the proximal. distal, or both radi.oulDar articuladOD& or a 
aignificant portion of the interosseous membrane. 'The soft tissue oompoDent of 
these complex injuries, in many cases, is m.me significant than the fEactum. 

The Mafeala'• fradure in adults is substantially different from the same 
injury in chilcbn. These injuries are frequeutl.y the n:sult of high-energy 
trauma, aDd posterior dislocation of 1he ndia1 head (Bado type ll) (Fig. 11-4) 
ia m.me common than anterior dislocation of the ndia1 bead (Bado type I). Jn 
addition. comminuted fractures of the radial head, fractares of the coronoid 
process, and a small osteopenic pm:ximal fragment can make the goal of a 
stable anatomic reduction of all the components of the fradure difficult to 
achieve. Ipsilatmil diaphyseal fradure of the humerus (floating-elbow in­
jury) requiring stable plate fimion may be seen with the high-energy Bado 
type I injuries. 

TheGaleuzl's hdureandfradure of die distal ulDa wlthlpmeat.s 
disruption am fractures of 1he diatal third of 1he Jadius or ulDa aDd a disloca­
ti.oD of the distal radioulnar articulation (Fig. 11-S). Bo1h of these fractures are 

A 

~----=-=r--: g 

FIG 11-2 A. and 8. Nightstick fractures of 1he ulna. 
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FIG 11-3 A to D. Fracture of both bones of the forearm treated with open 
reduction and Internal fixation. 

short oblique fradun:s occurring at !he distal metaphyseal diaphyseal. junction. 
The m«.haDism of injiii)' oflbc Galeazzi's fl:acl:um ia fon:ed r;mnatioD (usually 
during a fall on the outstretched haDd) or a direct blow. The mirror injury,~ 
ture of the ulna with dial.ocaliou of the cliatal. radioulnar articula1iou, baa also 
been described. Both injuries iDclude disruption of the distal radioulnar joint 
and a mar oflbe .imcrosseous membrime from its most distal extcDt to the~ 
ture of lhe radius or ulna. 

Ellu-l..opresti injury (radioulnar dissociation) is a fractuM or disloca­
tion of tbe radial head with dismptiou of the distal radioulnar articulatiou aod 

FIG. 11-4 A to D. Monteggia's fracture of the proximal ulna associated with 
posterior dislocation of the radial head, Bado type II. Treated by open reduction 
and internal fixation. (Courtesy of Dr. Robert F. Hall, Jr.) 
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FIG. 11-5 Galeazzi's fracture: a fracture of the distal radius associated with 
disruption of the distal radioulnar joint. 

tearing of the entire interosseous membrane. Attention may be focused on 
tbe injury at the lateral elbow or a Oaleuzi-type :fr:act1e-clislocation. in 1hc dis­
tal foreann. but the major comporuzt of the injury, radioulnar dissociation, is 
bqucmtly overloobcl. Early diagnosis and appropriate tmltmeDt (.maintain­
ing a radial capitellar articulation to prevent proximal migration of the ra­
dius) is important to ob1ainiDg a salistictary Rsult. 

AIIGdllted ID,furtu 

Jnjuriea associated with f'riK:turcs of the forearm include fractures and disloca­
tions of the elbow ami wmt. neurovascular ~uries, ad wmpa1biial1 syudrome. 
Radiographs of the wrist and elbow determine whether there are associated 
fractures or dislocations. 

Laceration. compression, or stretching of arteries and nerves frequently 
OQCIIrS at the time of the injury. The great« the initial displacement of 1he f'r» 
tore. the greater the chance of an associated neurovascular injury. Although 
tbe pmence of pulses distal to the fracture and capillary refill of the nail beds 
suggest adequate vascularity, disproportionate unnmrltting pain. positive 
s1letch sigm with passive fiDpr motion, unexplained numbness, and a~ 
trilling injury with exc:eaaive swelling are indicationa for the meuurement of 
comparUneDt pn:SIIUR or an arteriogram. 

The nerve most frequently injured in associaticm. with a forearm injury is the 
posterior intmlsseous nerve. This is pmticularly true ofMODteggia' s fractures. 
Nerve injury is not uncommon in association with foreann fradures and dif­
fers greatly with 1he type of fracture and the fon:es eteating it. Neurologic in­
july is identified by a careful neurologic examination of the radial, ulnar, and 
median nerves before treatment is started.. 

ColllparbDent a1Jldrome most frequently involves the f.lexor compart­
ment, but the extensor compartment can also be involved. The patient usu­
ally complains of severe pain with dysesthesia. The forearm is tense, and any 
attempt at passive stretch of the muscles in the compartment is intolerable. 
with disproportionate exacerbation of the pain. Surgical compartment decom­
pression can be carried out with dlis clini.cal pictuR alone. Repair or stabi-
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lizati.on of the skeletal trauma is accomplished at the same time. Measure­
ment of the compartment pressures is done when the patient is unconscious 
or the clinical picture is uncertain. Compartment pressures above 30 mmHg or 
high enough to fall within 30 mmHg of the mean diastolic pressure are indi­
cations for immediate surgical decompression. Tiris should include the release 
of the bicipital aponeurosis proximally and the carpal tunnel distally. Since the 
consequences of a neglected compartment syndrome are so onerous, it is 
sound advice to proceed with surgical decompression if the question arises. 

Diagnosis and lnltlal Management 

History and Physical Examination 

There is a history of trauma with pain and swelling in the forearm. There may 
be deformity. The skin is examined for wounds that may communicate with 
the fracture. The elbow and distal radioulnar articulation are examined to cJe.. 
termine whether they have been injured Neurologic deficit is infrequent except 
with penetrating injuries and high-energy open fractures. 

Radiographic Examination 

Radiographs in the anteroposterior and lateral projections of the forearm, 
wrist, and elbow are adequate to evaluate most injuries of the forearm. Occa­
sionally, comparison views of the opposite wrist or computed tomography 
(CT) imaging are helpful in evaluating the relative positions of the distal radius 
and ulna. 

Magnetic resonance imaging (MRI) to obtain axial T2-weighted images 
with fat suppression as well as ultrasound can be used to determine the in­
tegrity of the interosseous membrane when an Essex-Lopresti injury is a con­
sideration. 

Initial Management 

Initial management involves aligning and splinting the forearm. Displaced or 
angulated fractures are aligned by administering parenteral analgesia and ap­
plying traction across the forearm by suspending the hand from finger traps 
and hanging 5 to 10 lb of counterforce weight from the arm. Anatomic align­
ment of fractures that will be managed operatively is not necessary. Some 
shortening or angulation is acceptable because it will be corrected at surgery. 
A splint extending from the proximal humerus across the elbow to the metacar­
pophalangeal joints is applied. The elbow is flexed to 90 degrees with the fore­
arm in neutral rotation. If the radial head cannot be reduced with closed meth­
ods following a Monteggia's fracture, open reduction and stabilization are 
performed within 24 h of injury to minimize the incidence of neurovascular 
compromise. 

De.finltlve Management 

Simple Injuries of the Forearm 

Isolated fractures of the ulna (nightstick fractures) that are displaced less than 
50%, angulated less than 15 degrees, and in which the interosseous space is 
maintained are managed nonoperatively. A splint is applied that extends from 
the elbow to the metacarpophalangeal joints along the ulnar side of the fore­
arm. At 4 weeks, the splint is removed and the forearm lightly wrapped in 
a compression bandage. A short arm cast is not necessary. Radiographs are 
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obtained at 1, 2, 3, and 6 weeks to confirm that alignment has not changed and 
the fracture is healing. Isolated undisplaced fractures of the radius can be man­
aged in a long ann cast but must be carefully followed because they tend to 
displace. Any displacement or angulation that occurs should be treated by 
immediate open reduction and internal fixation because it will invariably 
progress. Isolated fractures of the radius and ulna that are displaced or angu­
lated or in which the interosseous space is compromised are treated with open 
reduction and internal fixation (Fig. 11-3). Fractures of the proximal half of 
the radius can be approached dursally, as deacribed by Thompson (1918), or 
preferably volarly, as described by Henry (1950); fractures of the diatal half of 
the radius are approached volarly. Fractures of the ulna are approached along 
the subcutaneous border. The fracture is reduced and stabilized with a dy­
namic compression plate (DCP). If more than half the cortex is comminuted, 
the fracture is grafted with autogenous cancellous bone. 

Intramedullary nailing can be used for segmental fractures and fractures of 
the proximal radius, in which the posterior interosseous nerve is vulnerable 
to injury during the exposure. The nails are inserted ulnar to Lister's tubercle 
for fractures of the radius and through the olecranon for fractures of the ulna. 
The nails are bent to restore the normal bow of the radius and ulna, thus 
reestablishing the interosseous space. Intramedullary nailing does not pro­
vide fracture fixation equal to plate fixation; thus rehabilitation is delayed. 
Its main advantage lies in its ability to provide fracture alignment in situa­
tions where the conditions for solid plate fixation do not exist (i.e., extreme 
comminution). 

Postoperatively, active range of motion of the foreann, wrist, and elbow is 
encouraged If the fracture has been plated, it is assessed as being healed when 
trabeculae cross the fracture radiographically. This may take up to 6 months. 
Displacement or angulation indicates loss of fixation. The appearance of cal­
lus suggests that fixation is tenuous, but it will also be seen with comminu­
tion and bone grafting. Healing of fractures that have been stabilized with an 
intramedullary nail may be easier to assess because the fixation is not rigid and 
the patient's symptoms correlate with the amount of healing. 

Complex Injuries 

An important part of management of complex injuries is adequate treatment of 
all the components. 

A Monteggia's fracture is managed operatively (Fig. 11-4). The ulnar frac­
ture must be anatomically reduced and plated with a 3.5-m.m DCP (tension­
band fixation and senti tubular plates are inadequate). Since the proximal frag­
ment is usually short and osteopenic, application of this plate to the 
subcutaneous surface of the ulna with contouring around the proximal end of 
the olecranon is critical. 

The fracture of the coronoid process and comminuted fracture of the radial 
head frequently associated with Bado type II fractures requires anatomic re­
duction and stable fixation of the coronoid process and preservation of the ra­
dial head with reduction and fixation if possible. Excision of the radial head 
without prosthetic replacement will be problematic: for those fractures that are 
severely displaced and comminuted, radial head excision and replacement is 
required. 

Intraoperative radiographs are obtained to confirm that the reduction is 
anatomic and that the coronoid process and :radial head are reduced. Postoper-
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atively, a long arm splint is applied with the elbow in 90 degrees of flexion and 
the forearm in neutral rotation. Early mobilization of the elbow and forearm 
within the limits imposed by the soft tissue injury is important so as to reduce 
the risk of synostosis. 

The less common Bado type I fracture is frequently a high-energy injury 
with neurovascular damage, compartment syndrome, and ipsilateral fracture of 
the humerus. Reduction and fixation of the ulnar fracture with a 3.5-mm DCP 
will usually result in reduction of the radial head dislocation. Any associated 
fracture of the humerus should be treated with open reduction and internal fix­
ation. Galeazzi • s fractures and fractures of the distal ulna with radioulnar joint 
disruption are managed with rigid plating. The surgk:al exposure is from a volar 
approach for the radius and through a skin incision parallel with its subcuta­
neous border for the ulna. When the ulnar styloid is avulsed with the triangu­
lar fibrocartilage, it is reduced and stabilized with Kirschner wires and a figure­
of -eight tension band. The distal radioulnar joint is usually reduced when the 
radial fracture is plated and radial length is restored. If the distal radioulnar joint 
is unstable, it can be reduced by supinating the forearm. If it is still unstable in 
this position, Kirschner-wire fixation between the ulna and radius is carried out 
just proximal to the sigmoid notch. Inability to reduce the distal radioulnar joint 
is associated with interposition of the triangular fibrocartilage. A short arm 
splint is applied unless the distal radioulnar joint requires additional protec­
tion with immobilization in supination. 

Radioulnar dissociation (Essex-Lopresti injury) is an injury to the distal 
radioulnar joint and ipsilateral radiohumeral joint associated with disruption of 
the interosseous membrane. Excision of the radial head for a comminuted 
fracture when there is an associated injury at the distal radioulnar joint is con­
traindicated because proximal migration of the radius is likely to occur. It is 
recommended that the acute injury be treated with repair of the radiohumeral 
joint, open reduction and internal fixation of any distal forearm fractures, and 
immobilization of the distal radioulnar joint in a long arm cast with the fore­
arm in supination. Open reduction with Kirschner-wire fixation of the ulna to 
the radius and repair of the distal radioulnar ligaments should he undertaken if 
the distal radioulnar joint is unstable. 

Open Fractures of the Radius and Ulna 

Open fractores of the forearm are classified into three types. Type I is associ­
ated with a clean wound and the laceration is shorter than 1 em. Type II is as­
sociated with a laceration longer than I em but without extensive soft tissue 
damage. The usual cause of type I and type II wounding is penetration from 
the inside out by one of the fractured bone ends. Type III open fractures are as­
sociated with extensive soft tissue damage or a segmental fracture and have 
been subdivided into type IliA injuries from gunshots with adequate soft tis­
sue coverage and type IIIB contaminated environment injuries such as farm or 
lake injuries with extensive soft tissue damage and significant periosteal strip­
ping associated with significant contamination that is not necessarily visible. 
There may be foreign material hidden in the depths of the wound, or the en­
vironment itself may be associated with large numbers of bacterial organisms, 
as will be present in a polluted lake or farmyard. Type IIIC open fractures are 
associated with vascular injury necessitating reanastomosis. 

The primary consideration in treating these wounds is to prevent soft tis­
sue and bone infection. For this to be accomplished, immediate adequate 
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exploration and debridement of the wound must be performed. Tetanus pro­
phylaxis is crucial. The wound should be cleaned and dressed in the emer­
gency room and intravenous antibiotic treatment started. The patient is taken 
to the operating room, where a general anesthetic or an adequate regional 
anesthetic that allows the use of the tourniquet is given. After limb prepara­
tion, the wounds are extended so that an adequate exploration of the soft tissue 
and bone injury can be performed. Devitalized skin, fascia, muscle, and bone 
are removed. and an extensive fasciotomy is performed both proximal and dis­
tal to the wound so that devitalized soft tissue and foreign material will not 
go unnoticed. Neurovascular structures in the vicinity of the wound are ex­
posed so that their integrity can be detennined. The wound is thoroughly irri­
gated with an antibiotic solution. 

Type I, II, and IliA open fractures can generally be stabilized with primary 
internal fixation by using a plate and screws, as described for closed frac­
tures; however, the wounds should be left open for delayed wound closure in 
3 to 5 days. Primary wound closure of an adequately explored and cleaned 
type I or type II inside-out fracture in a clean environment in an otherwise 
healthy patient is acceptable. Intravenous antibiotics are continued for 4 to 
5 days unless a wound infection occurs. 

Type rrm and IIIC open fractures are generally not suitable for internal 
fixation. A half-pin external fixator or pins and plaster can be used to maintain 
reduction of these fractures. After the soft tissues have healed without infec­
tion, delayed cancellous bone grafting or delayed open reduction and internal 
fixation with plate and screws and cancellous bone grafting can be performed. 

COMPLICATIONS 

The complications of injuries of the forearm include malunion, nonunion, syn­
ostosis (associated with heterotopic ossification), infection, refracture, and 
subluxation or posttraumatic arthrosis of the distal or proximal radioulnar 
joints. 

Nonunion of these fractures occurs most frequently when an inadequate 
internal fixation has been performed. It is also associated with more severe 
injuries (e.g., open fracture, comminution), failure to do primary cancellous 
bone grafting when indicated, and infection. To avoid failure of internal fixa­
tion, 3.5-mm dynamic compression plates should be used, with an adequate 
number of cortices (generally six cortices: three screws) fixed proximal and 
distal to the fracture. Semitubular plates do not provide adequate fixation. 
Symptomatic nonunions are reduced, stabilized with an adequate dynamic 
compression plate, and grafted with autogenous cancellous bone. Segmental 
defects of the radius and/or ulna with an adequate soft tissue environment of 
healthy muscle and minimal scarring can also be managed this way with 
bridge plating. 

Malunion should be prevented by performing open reduction and internal 
fixation for most diaphyseal forearm fractures. The major cause for malunion 
following a fracture of the shaft of the radius or ulna is failure to obtain ade­
quate radiographic follow-up and perform open reduction and internal fixation 
as soon as an undisplaced fracture begins to displace (Fig. 11-6). Corrective 
osteotomy is most efficacious when perfonned as soon as possible after the in­
jury. Satisfactory osseous contact for stable internal fixation can be difficult to 
obtain. Complications increase, and gains in range of forearm rotation de­
crease in patients undergoing operative treatment more than I year after the 
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FIG. 11·6 This malunion of a fracture of both bones of the forearm was ini· 
tlally undlsplaced. It resulted In a 88119re oosmetlc deformity, with the forearm 
fixed in neutral rotation. 

initial fracture. The usual indicatiODll for ccmecti.ve osteotomy arc 1088 of fore­
mm rotaticm. aJ~~~~~Cti.c defmmity, aDd mstability of 1he distal radioubw jaiDt. 

Wound iDfection is lllllll8pi by retuming 1he patient to 1he operating room, 
where dle wound can be adequately opened and cleaned. Cultures are ob­
tained. If a plate and screws arc still providing adequate fixation, they arc left 
iD phwe. The woUDcl ia left open md supported wid! a sp]jnt. Delayed woUDcl 
closure is perlotmed after S clays if the infection is UDder ccmtrol. Jn some in­
staaces,1he WOlllld will be kd\ open aDd allowed to heal seconclarily, with akin 
grafting u required. The fracture should UDite if infection is controlled; how­
ever, cam:ell.ous boDe gmftiDg may be requiied. 

In instances where bone is aVli8Cular and fixation i11 inadequate, priority 
must be given to preserving or restoring the soft tissue enWonmellt (dle en­
velope) by removal ofloose implaotll and clebridcment of all devitalized tissue. 
Jn Ibis situaticm. the wouncl is kd\ opmmd 1he fncture s1abilized with an ex­
tcmal fixatm dlat will prevent shmteniDg md allow for local wound care. The 
assistaDce of an illfectious disease specialist is often helpful. 

Nerve injuries are uncommon except for penettating wounds (ie., gunshot 
fractures). The proposis for these injuries is frequently poor widlout surgi­
cal exploration and repair. This is usually done as a secondary procedure be­
cause 1he exteD1 of nerve damage at the time of priDwy exploration is difJk:u11 
to determine. 

Compartment syndrome a&r foreann fracture is not UDCOIDDlOil. It is very 
important, in performing open reduction and intemal fixation, to deflate dle 
toumiquet and provide adequate hemos1asis prior to wound closure. The fore­
mm fascia must not be closed. 

If dle fum:tiomd impaimlent is siguificant, synostosis cm be 1mtted by ~ 
section after the synostosis has had a chance to mature. Indications of malllrity 
are a well-ossified mass with corti.calized margins, a cold boDe scan, a nor­
mal serum alkaline phosphatase, md dle passage of approximately 12 monlbs 
since 1he time of 1he injury. 

Heterotopic ollllification with synostosis is more freqw:ntly encountered fol· 
lowing injuries resulting from high-energy trauma or in patients widl con­
comitant head injury. The synostosis is more likely to recur after excision 
when located in the proximal or distal paraarticular part of the forearm. 
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Painful subluxation and posttraumatic osteoarthritis of the radioulnar artic­
ulations are managed with anti-inflammatory medication or local steroid in­
jection. If these measures fail, distal radioulnar arthrosis can be managed by 
(1) hemiresection arthroplasty; (2) arthrodesis of the distal radioulnar joint 
with resection of a 1-cm section of distal ulnar metaphysis to produce a 
nonunion, thus preserving forearm rotation (Sauve-Kapandji procedure); or 
(3) a Darrach resection of the distal ulna. 

Routine removal of a diaphyseal plate after fracture fixation is not usually 
necessary or desirable because lxme mineral density and grip strength are not af­
fected. Plate removal can be complicated by neurovascular injury and refracture. 

SELECTED READINGS 

Elstrom JA, Pankovich AM, Egwele R. Extraarticular low velocity gunshot fractures 
of the radius and ulna. J Bone Joint Surg 60A:335-341, 1978. 

Grace TG, Eversman WW Jr. Forearm fractures: treatment by rigid fixation with early 
motion. J Bone Joint Surg 62A:433-438, 1980. 

Henry AK. Extensile Exposure Applied to Limb Surgery. Edinburgh: E and S Living­
stone, 1950:53-64. 

Kapandji procedure in the trea.t:ment of chronic posttraumatic derangement of the distal 
:radioulnar joint. J Bone Joint Surg 80A:1758-1769, 1998. 

Lamey DM, Fernandez DL. Results of the modified Sauve-Kapandji procedure in the 
treatment of chronic posttraumatic derangement of the distal radioulnar joint J Bone 
Joint Surg 80A:1758-1769, 1998. 

Pollack FH, Pankovich AM, Prieto JJ, Lorenz M. The isolated fracture of the ulnar shaft 
Treatment without immobilization. J Bone Joint Surg 65A:339-342, 1983. 

Reckling FW, Unstable fracture-dislocations of the forearm (Monteggia and Galeazzi 
lesions). J Bone Joint Surg 64A:857-863, 1982. 

Rettig ME, Raskin KB. Galeazzi fracture-dislocation: a new treatment-oriented classi­
fication. J Hand Surg 26-A:228-235, 2001. 

Ring D, Allende C, Jafarni.a K, et al. Ununited diaphyseal forearm fractures with seg­
mental defects: plate fixation and autogenous cancellous bone-grafting. J Bone Joint 
Surg 86A:2440-2445, 2004. 

Ring D, Jupiter JB, Simpson NS. Monteggia fracture in adults. J Bone Joint Surg 
80A:1733-1744, 1998. 

Ring D, Tavakolian 1, Kloen P, et al. Loss of alignment after surgical treatment of pos­
terior Monteggia fractures: salvage with dorsal contoured plating. J Hand Surg 
29A:694-702, 2004. 

Starch DW, Dabezies EJ. Magnetic resonance imaging of interosseous membrane of 
the forearm. J Bone Joint Surg 83A:235-238, 2001. 

Trousdale RT, Amadio PC, Cooney WP, MOITey BF. Radio-ulnar dissociation. A review 
of twenty cases. J Bone Joint Surg 74A: 1486-1497, 1992. 

Trousdale RT, Linscheid RL. Operative treatment of malunited fractures of the forearm. 
J Bone Joint Surg 77 A:894-902, 1995. 



12 Fractures of the Distal Radius 
and Injuries of the Distal 
Radioulnar Joint 
Santiago A Lozano C. Jesse Berrwrd Jupiter 

This chapter comprises fractures of the distal radius and dislocations of the 
distal radioulnsr joint (DRUJ). 

FUNCTIONAL ANATOMY 

Anatomic considerations of the distal radius with regard to the skeleton, liga­
ments, and other soft tissue structures are important to understanding mecha­
nisms of trauma., diagnosis, biomechanics, classifications of injury, and treat­
ment alternatives. 

The distal radius is an essential articular component of the wrist joint. This 
articulation depends on the integrity of both the ligamentous and osseous struc­
tures responsible for wrist mobility and the capacity to support an axial load. 

Anatomically, the thickness of the cortical bone of the radius decreases at 
the metaphyseal flare, while the amount of cancellous bone increases. This 
structural transition of bone tissue forms a weak zone, predisposing this region 
to fracture, especially in osteoporotic patients. 

The dorsal surface of the distal radius is thin and convex, serving as a ful­
crum for the extensor tendons. Lister's tubercle represents an additional 
prominence functioning as a fulcrum for the extensor pollicis longus. The dor­
sal radiocarpal ligaments originate from the dorsal rim of the radius and course 
obliquely and ulnarly toward the scaphoid and triquetrum, attaching distally 
on their dorsal aspect. There is also a significant dorsal intercarpal ligament 
(Fig. 12-1 ). 

The palmar surface of the radius is flat and extends volarly in a gentle curve. 
The pronator quadratus covers most of the distal metaphyseal flare, extending 
to insert on the volar surface of the distal ulna. The intracapsular palmar radio­
carpal ligament has three parts: the radioscapholunate ligament (ligament of 
Testut, which controls scaphoid rotation) arises from a tubercle in the middle 
of this radiopalmar aspect, while the radiotriquetal and radioscaphocapitate 
ligaments arise from the volar radial styloid. The radial collateral ligament 
originates from the volar ridge of the styloid (Fig. 12-2). 

The articular end of the radius slopes in an ulnopalmar direction; as a result, 
the proximal carpal mw has a natural tendency to slide in an ulnsr direction. 
The distal radial articular surface has three articular facets covered by hya­
line cartilage: the scaphoid fossa, the lunate fossa, and the sigmoid notch. A 
central ridge, traversing from the dorsal to the palmar surface, divides the 
scaphoid and lunate facets. Each facet is concave in both anteroposterior and 
radioulnar planes (Fig. 12-3). The third distinct articular surface of the distal 
radius is the sigmoid notch. It is semicylindric in shape and is oriented paral­
lel to the convexity of the u1nsr head. It articulates with the u1nsr head, whose 
articular surface (two-thirds of the circumference, or 270 degrees) is covered 
by hyaline cartilage (Fig. 12-4). This trochoid articulation is responsible for 
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FIG. 12-1 Posterior view of the wrist. (1) Radius. (2) Ulna. (3) Scaphoid. 
{4} Trapezium. (5} Trap9ZOid. {6} Capitate. (7) Hamate. {8} Triquetrum. A. Dor­
sal intercarpal ligament. B. Dorsal radiocarpal ligament. (Reproduced by per­
mission oiJ Am Acad Ortho SUrg.) 

FIG. 12-2 Anterior view of the wrist. (1) Radial collateral ligament. (2} Ra­
dloscaphocapltate ligament. (3} Radlolunotrlquetral ligament. (4) Radlo­
scapholunate ligament. (5) Ulnolunate ligaments. (6) Meniscus homologus. 
{R6/)f(XItlc9d by /)611111sslon of J Am Acad Ortho Surg.) 

12 

2 

FIG. 12-3 Distal articular aspect of the radius. (S) Scaphoid fossa. (L) Lunate 
fossa. (TFCC} Triangular fibrocartilage complex. (1) Radloscaphocapltat9 liga­
ment. (2) Radiolunobiquetral Ligament. (3) lnterfossal ridge. (4) Radioscaphotu­
nate ligament. (5} Palmar radioulnar ligament. (6} Ulnolunate ligament. {7) Ulno­
capitate ligament. (8) Ulnar styloid. (9) Prestyfoid recess. (10) Dorsal radioulnar 
ligament. {11) Dorsal radiocarpal ligament. {12) Uster's tubercle. (R9pfvduc9dby 
ptJJ'I'flis6ia7 of the American SocifJty frx Sf.Kgmy of the Hand.) 
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FIG. 12-4 Radioulnar joint. Articulation between the sigmoid notch of the 
radius and the ulnar head. The arc covered with articular cartilage Is greater for 
the ulnar head than for the sigmoid notch, while the radius of curvature is 
greater for the sigmoid notch than for the ulnar head. (R9prodtlced by /)617111s­
sion of file ArnsnCan Society for Sutgery of file Hand) 

pronosupination of tbe distal forearm and wrist. Rotation of the radius about 
the ulna is accompanied. by a translational displacement of tbe ulna. During 
supination, the ulnar head displaces anteriorly in the sigmoid notch; during 
pronation, it moves donally. 

The final relevant structure is the triangular fibrocartilage. This important 
stabilizer originaies from the ulnar side of the lunaie fOSIIa and extends to the 
base of the nlnar styloid process. Its palmar and dorsal edges are thickened, 
blending into the dorsal and volar radioulnar ligaments, which represent ma­
jor stabilizers of the DR.UI (Fig. 12-3). Other stabilizers of the DR.UI iDclude 
the joint capsule. the triangular fibrocartilage. the interosseous membrane, 
the ulnocarpal ligaments, and the sheath of the extensor carpi ullnaris. 

Dynamic and static stability of tbe radiocarpal joint is the result of both the 
extrinsic and interosseous ligaments of tbe wrist. The interosseous scapholu­
nate and interosseous lunotriquetralligaments stabilize the proximal row of 
carpal bcmes as a unit. 

The ftexor and extensor tendons pass across the distal aspect of the radius to 
make inseni01111 on the metacaJ:pal basu or the phalanges (only the ftex.or carpi 
ulnaris inserts on the carpus at the pisiform). The brachioradia.lis muscle, 
through its insertion on the distal radius, can act as a deforming force on frac­
ture fragments. 

The extensor system is organized into six retinacu1ar compartments through 
which the extensor tendons run. Although rarely injured in tbe acute setting, 
total or partial ruptures of the extensor pollicis longus occur occasionally in as­
sociation with distal radial fractures. 

The volar distal radius is located just proximal to the carpal tunneL Frac­
tures of the distal radius can increase the pressure inside this structure and di­
rectly affect the median nerve (by inflammation, accumula1ion of blood, com­
pn!Ssion by displaced fragments, or laoeration). producing symptoms and 
signs of acute median nerve dysfunction. It is axiomatic that neurovascular ex­
amination is necessary during the initial assessment of a patient. 
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FIG. 12-5 Carpal (A) and Guyon's (~tunnels. (1} Median nerve. (2) Flexor 
potllcls longus. (3) Ulnar artery. (4) Ulnar nerve. (5) D9ep flexor tendons. (6) Su­
perficial flexor tendons. 

On tbe ulnar side, the ftexor carpi ulnaris, ulnar artery, and ulnar nerve lie 
volar and ulnar to the distal radius. 1bc ulnar nerve and artery pass through 
Guyon's canal into d!e band (Fig. 12-S). 

The anatomic relationship of the components described above and their 
functional interaction ellSUre wrist mobility and stability. It is therefore im­
portant to restore thctie anatomic charactl:ri.stics in treating a fractme of the 
distal radius. 

BIOMECHANICS OF THE WRIST 

KlDemalfCi 

For clillical pUipoScti, wrist moli.on is evaluated in two cardinal axes that com­
pose the cone of combined movements in all four directions known as cir­
cumduction: palmar ftexion, wrist extension. and radioulnar deviation. There 
are variations in the angular displacement measured in degrees, but normal 
wrist mobility will fall in the r.mges described in Table 12-1. 

Several investigators have attempted to define the "minimal functional 
range of motion" n:quin:d by a palic:nt to perform activities of dally living for 
self-care and independent functioning. These stndies revealed 1ha1 most func­
tional activities could be accomplished with 40 degrees of exten.&ion., 40 de­
grees of palmar flexion. and 40 degrees of combined radioulnar deviation. 

Palmar Fh!:xWn-E:tr:tension 

The gR:ala' axis of motion of the wrist is !bat of flexion and extension. During 
normal wrist motion, there is a difference in movement between tbe proximal 
and distal rows of carpal bones as well as between the bones of the proximal 

TABLE 12·1 Wrtst Motion Range 

Movement 

Flexion 
Extension 
Radial deviation 
Ulnar deviation 

Nonnal range 
80 5degrees 
70 5degr9es 
20 5degrees 
40 5dagr9es 

Functional range 

40degrees 
40degr9es 
40• of combined 

radioulnar deviation 
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row itself. In extension, the wrist deviates radially; in flexion, ulnar deviation 
occurs. 

Radiordnor Deviation 

As seen in the flexion-extension arc, the distal row and hand displace as a 
unit during radioulnar deviation. During radial deviation, the proximal row 
(triquetrum, lunate, and scaphoid) flexes and deviates radially. In contrast, 
during ulnar deviation, the proximal carpal row extends, deviates ulnarward, 
and pronates. The extension-flexion motion is greater than that of radioulnar 
deviation. 

Residual deformity following a distal radial fracture, such as increased dor­
sal or volar angulation, shortening, and/or losses of angular inclination can 
significantly affect the kinematics of the wrist In normal conditions, approx­
imately 80% of the force is transmitted across the radiocarpal joint and 20% 
across the ulnocarpal joint space; some movements, such as forearm prona­
tion, increase the transmission of ulnocarpal joint force. This phenomenon 
seen in pronation has been explained by the relative distal prominence of the 
ulna that occurs in the forearm while it pronates. During ulnar deviation, ul­
nocarpal forces increase up to 30%, while the radiocarpal forces increase up to 
87% during radial deviation. 

When a radial fracture heals with increased dorsal angulation as well as loss 
of normal ulnar inclination of the distal articular surface, forces placed on the 
distal ulna proportionally increase, resulting in ulnar wrist pain and impinge­
ment as well as degeneration or ruptures of the triangular fibrocartilage com­
plex (TFCC). These changes may occur with as little as 10 to 20 degrees of al­
teration in distal radial alignment. Shortening of the radius as it relates to the 
distal ulna also affects load patterns, leading to ulnar impingement and 1FCC 
disruption. 

EPIDEMIOLOGY 

Distal radial fractures have a bimodal distribution in the population regard­
ing prevalence. Osteopenic women in their fifties or sixties who experience 
low-energy trauma after a fall represent the dominant group. The most com­
mon pattern in this group is an extraarticular "bending" type injury. Con­
versely, younger males in their teens and twenties, with denser bone, charac­
terize the second group. These fractures result from higher impact and 
typically have more comminution and displacement. 

IMAGING DIAGNOSIS 

Accurate diagnosis and careful preoperative planning are crucial in the treat­
ment of distal radial fractures. Standard initial radiographs must include the 
anteroposterior (AP), lateral (Lat), and oblique (Obl) views to reveal the frac­
ture pattern as well as the extent and direction of the initial displacement. 

Oblique projections are very useful to identify displacement of fractures 
that involve the articular surface. The AP projection will help to define 
whether a fracture involves the intraarticular surface and to verify the presence 
of associated intracapsular or interosseous injuries to the carpal ligament. As­
sociated intracarpallesions may be suspected if there is a scapholunate space 
greater than 2 to 3 mm (the ''Terry Thomas sign"); a loss of symmetry in the 
articular surface of the proximal carpal row (Gilula's lines); or shortening or 
translation of the carpus (Fig. 12-6). 
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FIG. 12-6 Radiographic findings of soft tissue lesion. A. "Teny Thomas" sign 
(Interosseous rupi.\Jre of the scapholunate ligament). B. Disruption of Gllula's 
arches (rupture of interosseous ligament). 

Cardinal measurementll in the AP projection include radial height (normal 
average 12 mm), ulnar tilt of the radius (average 23 degrees), radial width 
(usually within 1 mm of that of the contralateral side), and. !he alignment of the 
distal radioulnar joint (Fig. 12-7). On the lateral view, volar tilt is the rele­
vant measurement. It is always important to be certain 1ha1 the lateral projec­
tioo is a "true" la1eral view. The best criterioo to cxmfirm that the radiograph is 
a true lateral view is to observe the palmar cortex of the pisiform. hmate, and 
capitate, in this order, from the volar to the dorsal aspect of the radius. (For 
radiographic measurement parameten, see Table 12-2 and F1g. U-7). 
Films taken aftr.r a fracture has been reduced help tD quantify residual defor­
mity and comminution to determine if fw1her treatment is necessary. 

In cases of severe comminutioo with complex intraaiticular patta:ns of frac­
ture, imaging by computed tomography (CT) allows for more accurate as­
sessment of displacement as well as the number and orientation of fragments. 
New technologies HW::b as three-dimensional Cf reconstruction offer a better 
understanding of the fracture and allow more accura1c planning of tn:asm.cut 
for complex injuries. 

FIG. 12-7 Radiographic measurement technique. A. Lateral view, palmar 
tilt (average 11 degrees). B. Anteroposterior view, radial Inclination (average 
23 degrees). 
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TABLE 12-2 RadiQQrallhic Measurements 

Measure Descril!!ion Normal values 

Radial Angle between a line drawn from 
inclination the tip of the radial styloid to 22 ± 3 degrees 
(PAview) the most distal ulnar aspect of 

the lunate facet and a line 
perpendicular to the longitudinal 
axis of the radius 

Radial Longitudinal difference between 11±3mm 
length a line perpendicular to the long 
(PAview) axis of the radius drawn at the 

radial styloid and another line 
tangential to the distal articular 
surface of the ulna. 

Ulnar Perpendicular line to the radius Axial shortening 
variance long axis at the sigmoid notch. Grade 0: <3 mm 
(PAview) Then quantify how much ulnar head Grade 1: 3-5 mm 

is distal to that line. Grade 2: >5 mm 

Radial Line through the volar and 11 ± 3 degrees 
tilt dorsal margins of the distal 
(lateral radius compared to a perpendicular 
view) line to the long axis of the 

radial shaft 

Radial Distance between the longitudinal Bilateral 
shift axis of the radius and a line drawn comparison 
(PAview) tangential to the radial s~loid 

MECHANISM OF INJURY 

Distal radial fractures can be subdivided by their mechanism of injury in five 
groups: (1) bending extraarticular fractures, (2) shearing intraarticular frac­
tures, (3) compression intraarticular fractures, (4) avulsion fractures of the 
radial or ulnar styloid with radiocarpal subluxation, and (5) complex high­
energy fractures. 

Bending fractures (Calles' and Smith's fractures) are the result of forces 
over the thin metaphyseal cortex (the bone fails in tension on one cortex as the 
opposite cortex is compressed). Commonly the scapholunate complex trans­
mits the force of the impact to the dorsal rim of the radial articular surface, cre­
ating comminution in the dorsal cortex as the volar cortex fails in tension. 

Shearing fractures (volar Barton, dorsal Barton's, and chauffeur) result 
from axial transference of forces into the distal radius through the proximal 
carpal bones. It has been postulated that these shearing forces occur when the 
wrist is locked in either palmar flexion (gripping handlebars of a bike or mo­
torcycle) or when it is fixed in extension (driving a car). These forces lead to 
dorsal Barton or volar (reverse) Barton's fractures respectively. The cardinal 
feature is a coronal plane articular fracture with subluxation of the carpus from 
the remaining (intact) articular surface. The chauffeur fracture is a shear frac­
ture involving the radial styloid. 

Compression fracture mechanisms have been described since the mid­
nineteenth century, when Voillemier in 1842 reported the injury of a patient 
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who fell from a three-story height. In 1929, Stevens described a postero­
medial impaction fracture of the radius that occurred with the arm in full 
pronation. Later, Scheck (who coined the term die punch to describe the lunate 
fossa fracture) suggested that both compression and bending forces occur 
with the lunate facet fracture. Melone extended the analysis of this mecha­
nism and developed the concept of the "medial complex" to describe the 
compromise of the lunate fossa (with dorsal and volar medial facets), liga­
mentous attachments, the proximal carpal row, and the ulnar styloid. The lunate 
is very often the focus of direct compression, and it has been suggested that 
the injury to the hand with the wrist extended drives the lunate into the dorsal 
aspect of the distal radius, causing the fracture on the dorsal side. At high ve­
locities wider separation of the lunate fossa can be expected; translation and 
rotational displacements of 180 degrees of the palmar medial facet fragment 
can be seen. 

Avulsion fractures of ligamentous attachments include radial and ulnar sty­
loid fractures. A torsional force has been implicated in this mechanism of 
trauma. Carpal displacement is common with this injury, making treatment 
difficult. 

High-energy fractures are a combination of the bending, shearing, com­
pression, and avulsion forces outlined above, with greater comminution. 

ClASSIFICATION SYSTEMS 

Several formal systems have been proposed to classify distal radial fractures 
according to the mechanism of trauma and/or morphologic characteristics, 
recommended treatment, and prognosis. The more comprehensive classifica­
tions include that proposed by Castaing (1964) and another by Frykman 
(1967); the latter unfortunately fails to provide relevant details about the ex­
tent and direction of articular fracture displacement Melone proposed a sys­
tem including the impaction type of injury of the end of the radius, consider­
ing four components: the radial shaft, radial styloid, dorsomedial portion of 
the lunate facet, and palmar medial portion of the lunate facet. 

The most versatile and detailed classification system is perhaps that estab­
lished by Muller et al. (1990). The basis of this method is the division of all 
fractures of a bone segment into three types, with further subdivision in three 
groups, each one with subgroups. This system has an ascending order of sever­
ity defined by the morphologic findings, difficulties of treatment, and prog­
nosis related to the fracture. 

Type A 

Distal radial fractures not involving the articular surface (Calles' and Smith's 
fractures) fall into this type (Fig. 12-BA and B). 

TypeR 

This group comprises are distal radial fractures involving part of the articular 
surface (Fig. 12-9). These shearing fractures are subdivided into three groups: 
B 1: fractures involving injuries in the sagittal plane (radial styloid, cuneiform 
and lunate facet fractures); B2: fractures in the coronal plane affecting the dor­
sal aspect (Barton's fracture), and B3: fractures of the volar aspect, or reverse 
Barton's fracture. The number of fracture fragments (Fig. 12-10A to C) de­
termines an additional subdivision of these subgroups. 
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FIG. 12-8 AO fractures group A (extraarticular fracrures). A. Colles' frac­
ture, anteroposterior and lateral radiographs. B. Smith's fracture, anteroposte­
rior and lateral radiographs. ( Courtssy of David Ring, M.D.) 

81 82 83 

FIG. 12-9 Muller classification (AO) of intraarlicular shearing fractures group. 
Group B 1: Fractures Involving the sagittal plane. Group B2: Fractures of the 
dorsal margin, or Barton's fracture. Group 83: Fractures of the volar margin, or 
reverse Barton's fracture. 

FIG. 12-10 Muller classification (AO) intraarticular shearing fraci!Jres group 
{AO group B). A. Dorsal Barton's fracture. Group 82: anteroposterior and lateral 
radiographs. (CourtssyoiDr. Ma!kS. Cohen.) B. Chauffeur fracture. Group 81: 
radial styloid fracture. Anteroposterior radiograph. C. Volar Barton's fracture. 
Group 83: antsropos1erior and lateral radiographs. 
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FIG. 12-11 Muller classification (AO) intraarticular compressive fractures 
group. C1: Two fragment lntraartlcular fracture without multlfragmented meta­
physis. C2: lntraarticular fracture with multifragmented metaphysis. C3: Com­
minution of articular surface. 

TypeC 

These are distal radial fractures involving a complete articular lrulface injury 
(Fig. 12-11}. The med»mism in general is compressive. They are clas&ified as 
follows: Cl, two-fragment intraarticular fracture without metaphyseal frag­
mentation; C2, two-fragmeJit intraarticular fracture with multifragmeuted 
metaphysis; C3, fractures with comminution of the articular surface. Com­
minutiOD is dcfiDed as involvC~J~~Cnt of mare than SO% of the metaphysis as seen 
on any radiograph. comminution of at least two cortices of the metaphysis, or 
gxeater than 2.~mm shortening of the 111dius. These Cl, C2, and C3 groups 
are further divided according to the number of fragments (Fig. 1~ 12A and B). 

TREATMENT 

lnHfa1 Treatment 
'l'nlatment decisions will be based on an understanding of tbe fracture pattern, 
any associated soft tissue injury, and tbe functional statns of the patieJit. The 

FIG. 12-12 Muller classification (AO) intraarticular compressive fractures 
group. A. C1 Anteroposterior and lateral radiographs. B. C3 Anteroposterior 
and lateral radiographs. 
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open fractures will require debridement and irrigation in the operating room 
plus the use of parenteral antibiotics. Highly displaced fractures will benefit 
from early reduction, even if it is not definitive, because it allows the achieve­
ment of reasonable alignment that may reduce the incidence and severity of 
neurovascular damage. 

Neurovascular conditions such as acute carpal tunnel and compartment syn­
drome require early decompression. 

The next step is to have a good understanding of the fracture itself. The 
mechanism of trauma, the fracture pattern, the displacement of the fragments 
and their position, and the degree of stability are key points of consideration in 
determining whether surgical treatment is needed as opposed to closed re­
duction and cast immobilization. 

Anatomic correction of displaced articular surfaces is crucial, as there is 
strong evidence from clinical and biomechanical studies that arthrosis may de­
velop with articular displacement of 2 mm or greater. Pathologic conse­
quences such as posttraumatic wrist arthritis, midcarpal instability, pain, stiff­
ness, reduction in grip strength (more than 50%), and carpal subluxation with 
wrist instability may result because of a malunited intra- and/or extraarticular 
fracture. 

Useful parameters to determine whether the anatomy of a fracture indi­
cates instability and will need surgical stabilization are cited in Table 12-3. 
Surgical intervention becomes an important consideration when an acceptable 
reduction cannot be either achieved or maintained with cast immobilization. 

Definitive TYeatment 

Different options exist for each type of fracture. An analysis of important 
points and recommendations for treatment of each type of fracture is offered 
below. 

Nondisplaced Intra- and Extraarticular Stable Fractures 

These patients are best treated with short casts unless the fracture is associated 
with severe soft tissue swelling. Initial evaluation is usually followed by tem­
porary immobilization in a sugar-tongs splint. Clinical and x-ray follow-up 
should be done within 1 week. If the position is maintained, a short arm cast is 
applied; it is used for a period of 4 to 6 weeb.and then removed (Fig. 12-13). 

Displaced Extraarticular Fractures 

This type of fracture can be displaced dorsally (Calles' fracture) (Fig. 12-SA) 
or volarly (Smith fracture) (Fig. 12-8B). Displaced volar or Smith's fractures 
are intrinsically unstable. F1exor muscles across the wrist exert shearing forces 
over the fracture site. Once the displacement is evident on the initial films, 
reduction and fixation are indicated. The option for treatment with unstable 
volar fractures includes a closed reduction and percutaneus Kirschner-wire 
fixation with a cast or an external fixator or open reduction and plate-and­
screw fixation. Radiographs are taken weekly to verify no displacement for the 

TABLE 12-3 Factors Associated with Instability 

1. Excessive comminution8 

2. Initial loss of 15 mm or more of radial length 
3. Initial dorsal tilt of 20 or more degrees 

"tomminution in the volar and dorsal cortex is seen in postreduction films. 
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FIG. 12-13 Nondisplaced frac1ures. A lntraarticular nondisplaced fracrure, 
anteroposterior and lateral radiographs. B. Extraartlcular nondlsplaced frac­
ture. Antarposterior and lateral radiographs. 

first 3 weeks. If alignment is maintained after 3 weeks, the cast and K win: 
are maintained fur an addi.tional3 weeks. At dUs point, the cast is removed and 
physical therapy is undertaken to gain range of motion during the next 6 to 
8weeb. 

DorsBlly displaced Colles' fractures should be reduced if greater than S mm 
of radial length is lost or more than 10 degrees of dorsal tilt is present. Re­
duction is done under parenterBl analgesia., hematoma block. and regicmal or 
general anesthesia. Fracture reduction starts with finger-trap traction, sus­
pc:~~.ding the limb by the thumb and index finger with COUI!tcrtzaction af 10 to 
20 lb fur a period of S to 10 min to disimpact the fracture. 

Manipulation starts with maximum ex.ten.sion of the wrist and then flexion 
while the surgeon's thumbs mold the distal radius by pressing it over the dor­
sal and radial surfaces. The distal fragm.cm is pushed volarly unti.l volar cor­
tical apposition is achieved. The wrist is splinted in modest tl.exion (10 to 20 
degrees) and ulnar deviation with a sugar-tongs splint.lf a cast is to be applied, 
it is prudent to split it to allow fur swelling and dms avoid complications. Af­
ter complete reduction and immobilization, postreduction films are taken to 
confirm the quality and stability of the reduction. The patient should receive 
instructions regarding cast care, an1iswelling measures such as elevation and 
digital range of motion, and signs of neurovascular compression and excessive 
soft tissue reaction to the injury. 

Displaced distal radial fractures are unstable and often redisplacemellt in the 
cast can occur. Factors associated with instability are (1) initial loss of radial 
length greater than lS mm, (2) excessive comminution, (3) initial dorsal tilt 
greater than 20 degrees, or (4) comminution afboth volar and dorsal cortices 
(seen in fbe postreduction films). If these characteristics are present, percuta­
ncus fixation after closed n:duction or open rc:duction plus iD.1emal fixation me 
indicated (Fig. 12-14). 

Postreduction follow-up is done weekly fur 3 weeks after manipulative re­
duction of the fracture dlle to the possibility of redisplacement. lf alignment 
is adequate at this point, the patient is placed in a short arm cast. After 6 
weeks, the cast is removed and the rehabilitation protocol is similar to that 
descn'bcd for the volar (Smith's) fractun:. 
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FIG. 12-14 Displaced extraarticular fracture (AO group A) {Colles's fracture) 
treated with closed reduction and percutaneus pin fixation. 

Redisplacemcnt of the fractwe requires remanipulalion and possibly pereu­
taneus fixation. Attempts at re!D.8Jiipulation after illitial reduction should be 
dane in the OR under anesthesia and should be pedormed. wi1hin 3 weeks post­
fracture; closed reduclion beyond this time may be not successful Second re­
ductions ate done with the same technique descibed for fresh fractures; assis­
tance through fluoroscopy is useful while manipulating the fracture. When 
aligament is achieved, stabilization is done via pereutaneus Kinchner-wire fix­
ation. Two 0.062-in. wires are utilized. The firBt one is inserted lhrough 1he ra­
dial styloid and driven a.cross 1he fracture focus and outd!e proximal metaphysis. 
The SCCOild one is placed ulllarly over the domal. radial cortex and driven per­
pendiculatto the fumier through a different region than the &accure area. ending 
in 1he volar radial metaphysis. Usually, two Xirsclmcr win:s are enough, but ad­
ditional pin fixation may be required. Even though percutaneus fixation had 
been done, casting or an extemal fixator is nece.ssary to maintain stability. The 
pins ate cut beneath the skin and removed taler in d!e office. 

Inttafocal Xirsclmcr-wire fixation cn:ates a dorsal buttn:ss that counu:racts 
~ce of the dorsal tilt. Two Kirsdmer wires are inserted through small 
dorsal incisions about 2 em apart at d!e proximal dorsal m.mgin of 1he fracture 
and out the proximal fragment volar cortex at an angle of 45 degrees to but­
tress the distal fragment (Kapandji technique). An additional pin through the 
radial styloid can augment the fixation achieved. 

Open or Severely Commimaed Extraarticular Fractures 

These fra.ctnres require initial management, like all open fractures, according 
to their severity, with debridement and irrigation, antibiotics, and a tetanus 
toxoid booster. Grades I and n can be redw.:ed closed and fixed percutaneously; 
grade m injuries require management wi1h an exmrnalfixator or open reduc­
tion plus internal fixation. Comminution C8li.SeS instability, and maintenance 
of reduction by casting only is almost impossible in highly comminuted frac­
tun:s. Additional measures are necessary; their selection depends on bone 
quality. In young patients with adequate bone stock, percutaneous pinning 
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might be sufficient. Otherwise, if bone quality is not good, open reduction and 
plate fixation or external fixation is the best option. Finally, if large defects are 
seen during open reduction or on fluoroscopy/radiographs, treatment options 
such as bone grafting and/or bone substitutes should be considered. 

Displaced Introorticulor Froctures 

The styloid, volar, and dorsal margin shearing fractures make up group B in 
the AO classification. Treatment options vary according to the subtype. The 
B 1 group (styloid) is subclassified in three types as comminution and insta­
bility increase: B 1.1 (one fragment), B 1.2 (if comminution is present), and 
B 1.3 (if a vertical shear fracture of the lunate facet is seen) (Fig. 12-9). The 
aims of treatment in this group are the restoration of radial articular congruity, 
length, alignment, and maintenance of the integrity of supporting volar wrist 
capsular ligaments. Nondisplaced fractures can be treated with casting above 
the elbow, with the forearm positioned in supination and the wrist in slight 
ulnar deviation. Close follow-up with radiographs during the initial3 weeks is 
required. Percutaneous fixation after reduction of displaced fractures should 
be done with Kirschner wires or cannulated screws. The surgeon is obliged 
to use small skin-only incisions, spread with a hemostat to bone, and insert a 
drill sleeve in this procedure due to the proximity of sensory branches of the 
radial nerve. If reduction cannot be achieved with closed maneuvers or if 
carpal injuries are associated, open reduction and internal fixation is recom­
mended through the dorsoradial aspect approach, taking special care of struc­
tures such as the superficial radial nerve, radial artery, and extensor pollicis 
longus. If comminution is present, dorsal wrist capsulotomy is necessary to 
define an anatomic reduction. 

Dorsal rim fractures (B2) are commonly accompanied by styloid fractures. 
Failure to recognize intraarticular impaction can be avoided by obtaining a CI' 
scan for surgical planning. Stability after closed reduction and casting is un­
predictable. Therefore, if possible, percutaneus fixation protected with an ex­
ternal fixator is the treatment of choice. Alternatively, through a dorsal ap­
proach between the second and third extensor compartments, the articular 
involvement can be directly visualized. Fixation is done with a T or L plate 
according to the fragment size to restore anatomy and prevent recurrence of 
deformity. 

Volar fractures (reverse Barton's or B3) are intrinsically unstable. If plain 
radiographs suggest the possibility of more than one fracture line, CT imaging 
is useful for surgical planning of the management of small impacted frag­
ments. Volar subluxation of the carpus is always associated with shortening 
and palmar displacement of the fragment. Open reduction and internal fixation 
is the most reliable method to achieve realignment of articular surface and 
the radiocarpal joint. The operative approach is through a volar radial incision, 
developing the interval between the flexor carpi radialis and the radial artery, 
followed by reflection of pronator quadratus. When symptoms of acute me­
dian nerve compression are present, the carpal tunnel is released through an 
additional palmar incision. In fractures without intraarticular conminution, hy­
perextension of the wrist over a rolled towel with the forearm in maximal 
supination is a very useful reduction maneuver. Definitive treatment is done 
with a volar T plate. The proximal screw is applied first; the second screw goes 
distally to increase the buttress effect. Multiple fragments can be secured us­
ing screws within or outside the plate (Fig. 12-15A and B), with closure over 
a suction drain for B type fractures. 
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FIG. 12-15 Displaced intraarticular B31racture (volar Barton's) treated with a 
palmar locking plate. A. Preopef811ve radiographs. B. Postoperative radiographs. 

A bulky dressing and additional splint immobilization is maintained for 
14days. Generally, the patient can resume manual work and some sports about 
2 molllhs after surgr.ty. 

Compression fractures are known as Group C in the AO classi1ication (Fig. 
12-11). The objectives of tn:atm.ent are relocation of displaced fragments, 
maintenance of relationship between radial length and di!tal. ulna, and, last, 
restoration of the normal angulation of the distal metaphyseal segment of the 
radius. In many fractures, the patterns of compression are predictable. Prac­
tures without comminution are best tn:ated with manipulative reduction via 
longitudinal traction alone or manipulation and !Uhsequent pinning. These 
fractures should be treated in the OR under proper anesthesia. The patient 
should have the iliac crest prepared in case autologus bone grafting is required. 
Closed reduction manipulation is done through longitudinal traction, wrist 
ftexion, and ulnar deviation. As in the Bl type, reduction and fixation is done 
with 0.062-in. smooth Kirschner wires if the radial styloid is involved. The 
wire is obliquely drilled from the radial styloid, which is palmar to slightly 
ulnar to the metaphyseal flare of the distal radius. When the fracture includes 
a "die punch" fragment of the lunate facet, reduction is achieved by traction 
and fixation is done with a transverse subchondral pin from the radial styloid 
to the sigmoid notch. It provides a buttress effect under the rednced lunate 
fragment; however, penetrating the sigmoid notch with the pin must be 
avoided. If satisfactory redllction is not achieved, the fragment can be manip­
ulated through a small inci.&i.on (l to 2 em) with a small elevator. 

Intraoperative fluoroscopy is xequired to guide the elevator and confirm re­
duction. Bone for grafting should always be available to fill any defects !hat 
may be present after the disimpaction of fragments. Small amounts ofbone are 
usually xequm:d; thus, boDC graft taken with tn:pbiDC biopsy needles may be 
sufficient. 

When the fracture pattern includes sagittal splits of the two major fragments, 
reduction and compression assisted with large reduction bone clamps can be 
done while interfragmentary fixation is completed with Kirschner wires. When 
closed reduction or minimal open reduction is possible, postoperative man­
agement includes long ann casting fur 3 wcckx, followed by short ann plast.a' 
for an a.dditional3 weeks. Wu:es are ldt in place during the complete 6-wcek 
period. If the operative reduction xequired manipulation of impacted frag­
ments or soft tissue swelling is substantial, protection with an extemal fi.xaWr 
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FIG. 12-16 Severely displaced intraarticular C2 fracture treated with plate 
system (T and L pla1es, 2.4 mm} A. Preoperative radiographs. B. Postopera­
tive radiographs. 

is preferred rather than the plaster; it should be in pi~U:e from 4 to 6 weeks 
(Fig. 12-16). 

When Che fracture involves the volar lunate facet, this fragment will tend 
to rotate when traction is applied to the upper limb; as a result, this type af 

fracture requires rednction through an anterior approach. Continuous intra­
operative traction with an e:m:mal. fi.xator is useful to restore uial.lalgth and 
realign the radial styloid. which is then fixed with Kirschner wires. The volar 
fragment can be exposed with an ulnar-based incision. The pronator quadratus 
might be approached through an interval between the ulnar neurovascular bun­
dle and the flexor tendons. This muscle is partially incised and retracted while 
volar reduction is done without dissecting additional soft tissue. If the frag­
ment is small, fixation takes pl.acc via a small Kim:hna wire that is retrieved 
over the donum of the radius. If the fragment is large enough, fixation is ac­
complished wi1h a small (2.7-mm) LorT plate (Fig. 12-17). Fmally, if prox­
imal metaphyseal comminution is present, bone grafting and external fixa­
tion are crucial to maintain radial length. 

It is becoming apparent that with newer, more precise anatomic methods 
of distal radial fixation, comminuted dorsally displaced and angulau:d type C 
fractures can be reduced and stabilized by a volar approach through the bed 
of the flexor carpi r.adialis (FCR) tendon with ulnar reflection af the pronator 
qua!ratlls (Fig. 12-18.4. to D). 

FIG. 12-17 Severely displaced intraarticular C3 fracture treated with per­
cutaneous fixation and an external flxator. 
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FIG. 12-18 Severely comminuted, dorsally displaced, and angulated type 
C fracture treated through a volar approach with an anatomic locking plate 
that permits precise radial styloid fixation. (CouttesyofflobertF. Halt Jr., MD.) 

Ccmplications 

lD.adequ.atc n:duction, loss n:duction or fixation. instability of d!e DRUJ,loss 
of wrist and forearm motion, neurova.scolar problems such as acate median 
nerve compression. companment syndrome. and complex regional pain syn­
drome are recognized complications following distal mdial fractures. 

Acute complications such as median nerve compn:ssion or compartment 
syndrome require immediate surgical decompression. Pain, intense swelling, 
pain with passive motion, and SCI1I.SOI)' disturbances in the hand arc warning 
signs of compartment syndrome, in which case compartmental pressures 
should be measured amJ/or fasciotomics undc:rtalcen. Neglected c:ompanment 
syndrome has catastrophic consequences for both patient and swgeon. 

Complex regional pain syndrome (reflex sympathetic dystrophy) is an­
other well-known but often underrecognized complication of injury; it is 
characterized by disproportionate pain, trophic processes (stiffness, tissue at­
rophy, diffuse osteopenia, swelling), antonomic dysfunction (vasoconstric­
tion or dilillatioo), and impairment of function. Early detection by clilili:al ex­
amin.ation and bone scintigraphy is important. Aggressive physical di.empy, 
tricyclic antidepressants, and stellate ganglion blocks arc some options a! 
treatment. 

Severe initial articular su:rtiu:e trauma, inadequate anicular fractw:c reduc­
tion, and healing with excessive dorsal tilt are demonstrated causes of post­
traumatic a:nhrltis with pain. loss of moti011, and weakness of giip. Malunion 
may benefit from a corrective osteotomy. 

In genmd. outcomes following fractures a! the distal radius are satisfactory, 
but careful management is necessary to reduce the number and severity of 
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complications, permit maximum recovery of function for the activities of daily 
living, and restore patients to their occupations and avocations. 

Distal RadlouiDar Joint Dlalocatlona 

Anatomy 

The DRUJ is separated from the carpus by the TFCC. Described by Palmer 
and Werner ( 1981), this includes the articular disk (or triangular fibrocartilage 
proper), the dorsal and palmar radioulnar ligaments, the meniscus homolog, 
and the extensor carpi ulnaris sheath (or the floor of what is known as the ul­
nar collateral ligament). 

TFCC collagen fibers are oriented along lines of stress; dorsal and palmar 
radioulnar ligaments are formed by longitudinal fibers. 

The articular disc is a fibrocartilage structure that originates from the hya­
line cartilage of the distal radiolunate fossa. This hyaline cartilage surrounds 
the edge of the distal radius and is continuous with the cartilage of the sigmoid 
notch. The complete hyaline cartilage layer has a different signal during MRI 
than does fibrocartilage. This difference in signal intensity should not be mis­
interpreted as a rupture of the articular disc. 

In tenns of vascularity, dorsal and palmar branches of the anterior in­
terosseous artery and the dorsal and palmar radiocarpal branches of the ulnar 
artery supply extrinsic vascularity to the DRUJ. 

Interosseous vessels from the head of the ulna also vascularize the TFCC 
through the foveal area. The dorsal and palmar radioulnar ligaments and the 
peripheral20% portion of the articular disk have a good blood supply, while 
the inner 80% of the surface is avascular. These anatomic details are crucial to 
understand the behavior and prognosis of TFCC ruptures (traumatic or de­
generative) described and classified by Palmer, but they are beyond the scope 
of this chapter. 

Last, the stability of the DRUJ is due to a number of different structures. 
The dorsal and volar radioulnar ligaments and the TFCC are primary consid­
erations; however, the extensor carpi ulnaris subsheath, the interosseous mem­
brane, the pronator quadratus, the ulnocarpal ligaments, and the osseous ar­
chitecture of the joint have been recognized as additional stabilizers. The 
importance of each in terms of stability is still being worked out. 

Initial diagnosis 

Isolated distal radioulnar dislocations are extremely rare; often they are asso­
ciated with distal forearm fractures such as the Galeazzi fracture. These dis­
locations associated with fractures are covered in Chap. 11; thus the focus here 
on isolated dislocations. 

The initial presentation of these patients is characterized by ulnar-sided 
wrist pain associated with crepitation and snapping when the forearm is 
moved in the pronosupination axis; another typical scenario is ulnar-sided 
wrist pain with the forearm locked (inability to rotate the forearm). 

Dislocations are defined according to the direction in which the ulnar head 
displaces in relation to the radius. It is very important to appreciate that the 
ulna is the static bone whereas the radius is the mobile structure. The mecha­
nisms of injury are, in general, extreme pronation for a dorsal subluxation 
and extreme supination for a palmar dislocation. Typical signs in the physi­
cal exam for dorsal dislocation include reduced supination, prominence of 
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the ulnar head, and decreesed mobility of the DRUJ. Common findings for 
volar dislocation are nanowing of the wrist, apparent absence of the ulnar 
head, and difficulties in pronation. The diagnosis is largely based on physical 
findings, as tbe radiographic images are often unsatisfactory due to problems 
with positioning. 

Imaging studies 

Radiographs remain the initial diagnostic study. The standard PA view al­
lows eval.nation of the fovea and ulnar styloid in '"ulnar variance position .. ; this 
projection is taken with the shoulder abducted 90 degrees, the elbow flexed 
at 90 degrees, and the wrist placed in neutral pronosupination. Comparative 
tnle lateral views are useful in evaluating alignment of the ulnar head and 
sigmoid notch. Oblique views are routinely taken in a semipronated and semi­
supinated positions. The semisupinated position is very useful to visualize 
the pisot:riquetral joint and the hook of the bamale. Metal madrers pointing out 
the specific area af pain are belpful in identifying soura:s of wrist pain. X-rays 
must be comparative. Often, when the diagnosis remains in doubt. cr imag­
iDg is necessary. 

cr is the imaging modality of choice for evaluating DRUJ subluxation or 
dislocation. Magnetic resonance imaging (MRl) and MRI arthrography 
demonstrate better soft tissue detail. 

Initial management 

Once the diagnosis af subluxation or dislocation of the DRUJ' is made, closed 
reduction should be attempted. This is done under sedation or with regional 
anesthe.sia. The maneuver for dorsal dislocation is reduction with the forearm 
in supination, with the opposite force fur a volar dislocation. Articular stabil­
ity is evaluated after reduction and, if stable, a long arm cast is used for 6 
weeks with the forearm immobilized in supmation for cases of dorsal dislo­
cation and pronation for volar cases. If closed reduction cannot be accom­
plished or if postreduction instability remains, open management is indicated. 

FIG. 12-19 A Darrach procedure. B. SauV&-KapandJI procedure 
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Volar dislocations are approached volarly and the ulna is levered to it origi­
nal position from under the volar surface of the radius. Dorsal dislocations 
are approached dorsally. Soft tissue interposition is often the cause of failed 
closed reduction. This may include osteochondral fragments or tendinous tis­
sues in the sigmoid notch. If the ulnar styloid needs to be repaired, small com­
pression screws or Kirschner wires can be used as internal fixation. If a volar 
approach is required, internal fixation of the styloid may require an additional 
incision. 

Once reduction is achieved, the wrist is held in neutral rotation, with im­
mobilization maintained for 6 weeks with long arm casting. Radioulnar pin­
ning with Kirschner wires to maintain neutral rotation is best avoided, as com­
plications are frequent. 

Complications 

Chronic instability, posttraumatic arthrosis, pain and limitation offorearm 
rotation are the main complications of this injury. Other phenomena such as 
extensor tendon entrapment and compression of the dorsal ulnar sensory nerve 
branch have been seen. 

Treatment for the principal complications includes excision of the ulnar 
head (Darrach procedure) (Fig. 12-19A), arthrodesis of the ulnar head to the 
radius at the sigmoid notch with a more proximal 2-cm resection of the distal 
ulna to reproduce a nonunion (Sauve-Kapandji procedure) (Fig. 12-19B), and 
hemiresection of the ulnar head (Bowers procedure). 
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13 Fractures and Dislocations 
of the Wrist 
John J. Fernandez 

ANATOMY AND KINEMATICS 

The unique functional nature of the wrist lets it transmit loads between the 
hand and forearm in a stable manner while allowing for a wide range of motion 
in three planes. Because there are no direct tendon attachments to the mobile 
carpus, the dual functions of stability and mobility are based on the interrela­
tionship of the carpal bones, their shapes, and their ligamentous attachments. 

The wrist is defined by the structural and functional anatomy of the distal 
radius, the distal ulna, and the carpal bones. It begins at the metaphyseal flare 
of the distal radius and the adjacent ulna, including the distal radioulnar joint. 
It terminates with the distal row of carpal bones at the carpometacarpal joints 
of the hand. 

Multiple anatomic joints together form the three functional joints of the 
wrist: the radiocarpal joint, the midcarpal joint, and the distal radioulnar joint. 
The eight carpal bones are functionally organized into two carpal rows (Fig. 
13-1). The proximal carpal row is made up of the scaphoid, lunate, triqu~ 
and pisiform. The distal carpal row is made up of the trapezium, trapezoid, 
capitate, and luunate. The radiocarpal joint is the articulation of the distal radius 
and ulna and the proximal carpal row. The midcarpal joint is the articulation 
of the proximal carpal row and the distal carpal row. The distal radioulnar joint 
is the articulation of the distal radius and distal ulna. 

The articular surface of the distal radius is composed of two fossae. The 
scaphoid fossa is concave and has a triangular outline. The lunate fossa is 
also concave but, in contrast, has a rectangular outline. The sagittal ridge, a 
linear elevated area in the sagittal plane of the distal radius, separates the two 
fossae. The distal articular surface of the radius is inclined ulnarly approxi­
mately 22 degrees and tilted palmarly approximately 11 degrees. During power 
grip, the wrist positions itself optimally into extension and ulnar deviation. 
The loads placed across the carpus drive it radially and dorsally. This unique 
angular alignment allows the radius to act as a mechanical buttress counter­
ing those forces. 

There is a concavity at the ulnar portion of the distal radius, the sigmoid 
notch, which articulates with the head of the distal ulna, forming the distal 
radioulnar joint. This joint is principally stabilized by the triangular ftbro­
cardlage complex (TFCC). The TFCC is a :fibrocartilage structure that has a 
triangular shape and originates from the base of the ulnar styloid attaching to 
the ulnar rim of the distal radius along the lunate fossa. It has a variable thick­
ness and is interposed between the lunate and triquetrum distally and the head 
of the ulna proximally. 

The ligaments of the wrist can be described as intrinsic or extrinsic and are 
located dOilial or volar. The Intrinsic Ugaments, also known as the interosseous 
ligaments, have their origins within the carpus itself, linking the carpal bones 
directly to one another (Fig. 13-1). The most dynamic and important are the 
scapholunate and lunotriquetralligaments. These ligaments link the proximal 
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FIG. 13-1 Intrinsic ligaments interconnect the carpal bones, forming a di&­
tal carpal raN (light gra)l) and a proximal carpal raw (dark graiJ. 

carpal row together. The sapholanate lntei'OIIIIeOWJ lfgament {SLll..) is 
U-shapcd and composed of thn:e sections: dorsal. proximal. and palmar. The 
dor.~al section., the thickest and strongest, is composed primarily of oriented 
collagen fibers. The proximal part, the membranous portion, is predominantly 
fibrocartilage with little structural significance. The lunotrfqaetral In­
terosseous ligament (LTn.),like the SLIL, is also U-shaped and has thn:e 
similar sections. In contrast to the SI...IL, the palmar region of the LTU.. is the 
thickest and strongest. 

The extrbudc Ugaments are defined by dorsal and volar thickenings in the 
wrist capsule outside the synovial cavity. 'These link the distal radius and ulna 
to the carpus. The dorsal eJtt:rinsic ligaments form a V -shaped complex with 
the apex on the triquetrum (Ytg. 13-2). Tbc proximal limb, the dorull'lldio­
earpalllpment (DRC), originates from the dorsal rim of the distal radius and 
extends ulnarly to the dorsum of the ttiquc1rum. with attacbments to the under­
lying lunate and lunotriquetralligament. Tbe distal limb, the distal fntuc:arpal 
ligament (DIC), origillatcs from the dorsum of the 1riquetrum and tlavels ra­
dially to the dorsal groove of the scaphoid and trapezium, with attachments 
to the underlying lunate. This dor:salligamcntxlus compleJt helps txl stabilize 
the scaphoid and liJD.IUC. 

The palmar extrinsic ligaments are arranged in a double-V configuration 
wiJh the apices pointing distally {Fig. 13-3). The proltimal V links the distal 

FIG. 13-2 Dorsal extrinsic ligaments arranged as an ulnarly based V. The 
distal limb is the distal intercarpal ligament. The proximal limb is the dorsal ra­
diocarpal ligament. 
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FIG. 13-3 Palmar extrinsic ligaments arranged in a double-V configuration. 
Ugaments from left to right: ulnolriquetral-triquetrocapitate, ulnolunate, short ra­
diolunat&, long radiolunat.&, and radioecaphocapitate. The •space of Poirier" ie 
the relative weak spot over the midcarpal joint between the capitate and lunate. 

radius and ulna to the proximal caxpal row. Tbe radial limb is the long radio­
luna~ ligament. The ulnar limb include~ the short radiolunate ligament and 
the ulnolunaie ligament. Tbe distal V, also known as the deltoid ligament ar 
arcuate ligament, links the distal carpal row to the proximal carpal row and 
distal radius and ulna. The radial limb is Che radioscaphocapitate ligament, 
while the ulnar limb includes the triqne1rocapitate ligament and the ulnotri­
quetralligament. At the capitolunate joint, there is a relative weak area in 
the capsule, known as the apace of Poirier that is not well supported by the 
ligaments. The bony and ligamentoiiS constraints of the wrist define !be kine­
matics. The center of rotation in Che sagittal and coronal planes is not fixed 
and varies depel1ding on the position of the wrist. For the most part, the center 
of rotation is within !be head of the capitate distal to its proximal ccru:x, near 
its longit:u.dinal axis. 

The carpal bones act as two distinct units: a distal carpal row (trapezium. 
trapezoid, capitate, hamate) and a proximal carpal row (scaphoid, hma%e, tri­
quetrum). The distal carpal bones are bound very securely to one anodl:er by 
their interoSSC(luS ligaments. These make the distal carpal row a single func­
tional UDit. There is a similar secure ligamentous intm:onnecticm between the 
distal carpal row and Che second and third metacarpals. The combination of 
the relatively immobile dil!tal carpal row and the second and third metacaipals 
creates the flftcl band uDft (Fig. 13-4). In effect, the distal carpal row is part 
of the hand. In contrast, the proximal carpal row moves indepeDdently of the 
hand and forearm. The proximal carpal row becomes an fnta'alated segmelli 
between the distal carpal row and hand distally and the radius and ulna proxi­
mally (Yrg. 13-4). 

The scaphoid traverses the midcarpal joint and is aligned 45 degrees to the 
longitudinal axis of the wrist. By virtue of this anammy, !be distal carpal row 
exerts influence over the scaphoid. The scaphoid has a dynamic tendency to 
flex. particularly with radial deviation and ftexion. The triquetrum is COIItrolled 
through its scmihelicoid articulation with the hamate. The triquetrum has a 
dynamic tendency to extend, perticularly with ulnar deviation and extension. 
The lunate, by virtue of its location between the scaphoid and triquetrum, is 
under the influence of both cbe scaphoid and triquetrum. In its normal state, 
the lunate lies in a ncu1ral position. canceling the opposing forces of the 
sc~d and triquetrum. 
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FIG. 13-4 Fixed hand unrt composed of Index and middle metacarpals 
bound to distal carpal rem (light gra.YJ. Intercalated segment composed of prox­
imal carpal raN is seen between radius and ulna proximally and fixed hand 
unit distally (cmnl' gta.YJ. 

Approximately 40 tD 60% of wrist motion comes from tbc midcarpal. joint, 
contributing more to fieldon, and 40 to 60% comes from die radiocarpal joint, 
contributing more to emn.sion. Of the total forces transmitted through the 
wrist, roughly 50% travel through the scaphoid fossa. 30% through the lu­
nate fossa, and the remaining 20% through the TFC. The forces across the 
TFC relatively increase with ulnar deviation, pronation, and extension. 

If the normal relationship between die carpal bones is intl::mlpted through 
injury, the alignment of tbc prollimal carpal. row is disturbed. This can lead to 
abnormal motion and force distribution. These abnormal kinematics lead 
to pein and premature arthrosis. 

Recognition of the complex anatomy and kinematics af the wrist allows 
the paihologic states of fractures, dislocations, and instability to be better un­
decstood. Through n:storation of the normal anaromy. improved t.n:atmcnt out­
comes can be anticipated. 

DISLOCATIONS OF THE WRIST 

Clual&atloo 
The pn:cise injwy pattem is dctermiDc:d by the amount and din:ction of force 
applied across the wrist. The mechanism is usually a high-velocity injury, re­
sulting in an axial. load with the wrist in extension. Dislocations of die wrist 
usually lead to some type of carpal instability. Tbe International Wrist Inves­
tigators have proposed a classification for wrillt ligament injuries. This broad 
classification of instability takes into account six categories: duration, sever­
ity, direction, etiology, pattern, and location. 

DtmrliotJ is acute, subacute, or chrome. Injuries under 6 weeks are acute. 
Betwcea6 weeks and 3 mootbs, tbciDjm:yis<:OilSideml subacute. Ovec3 m.ou.1hs, 
the injury becomes chronic. 

SnlfritJ is defined by tbc radiographic appearance and the results of stress 
testing. Static instability appears abnormal on x-rays without the need for stress 
tc:Qing. Dynamic instability appears normal on regular x-rays but reveals ab· 
normal findings during stress testing. B~ instability appears normal on 
x-rays with or without stress testing. 

Dil>1c&>tt refers to the radiographic appearance of the lunate relative to 
the capitate and the scaphoid. With tlorral ill~ llgiiUIII iMta1rilil,y 
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{DISI), the lunare assumes a dorsally angu1ated position relative to the cap­
i~ (ace Fig. 13-16). With vow illtfiTCalo.ttulngiiiUII'It in&tability (VISI), 
the lunate assumes a volarly angulated position relative to the capitate (soo 
Fig. 13-18). Ulnar translation refers to the radiographic appearance in which 
less then SO% of the body of the lunare is centered over the radius and the 
distance between the radial styloid and the scaphoid is increased (soo Fig. 
13-14). 

BtiolofO is variable but can generally be expressed as traumatic, inflam­
matory, or degenerative. 

The ptlltf1111 describes the actual source of the mechanical instability. In­
stability in the presence of an interruption in the continuity of the proximal 
carpal row is defined as a patmu of Cll1'pGl Uut~Jbility distiocitiiW• (CID). 
This refem to a dissociation within 1he proximal carpal row. If there is no in­
terruption in the proximal carpal row, the pattern is defined as t:IITplll inlta­
blllty MlldluoclaJJH (ClND). 

Lot:alio11 refers to the actual anatomic structures implicated in the cause of 
the instability. Most acute dislocations can be described by their location alone 
including pcrilunate, radiocazpal, and axial. 

P~rilwlate Dislocotions 

These are the most common of the wrist dislocations; they include a variety 
of injuries that involve the area around the lun.au:. Some of these are purely 
ligamentous injuries (dorsal and palmar perilunate), while others include 
fractures (transscaphoid, transradial styloid perilunate, and scaphocapitate 
syndrome). 

The pattern of injury observed in perilunate dislocations has been well de­
scribed by Mayfield et al. The spectrum varies from a minor scapholunare 
sprain to a complete dislocation of the lunate. This pattern of injury progresses 
around the lunate from radial to ulnar in a clockwise ditection. There are four 
stages ofprogrw.aiH ptl1'iluNir ilulilbiiUy: stage 1, scapholunate dissociation; 
stage 2, capitolunate dissociation; stage 3, lunotriquetral dissociation; and 
stage 4, lunate dislocation (Figs. 13-S and 13-6). 

If the application of force concentrates ulnarly instead of radially, a revel'!IC 
injury pattern can be observed, reverse pcrilunatc instability. This is similar 
to what Mayfield described but in an opposite di1ection. affecting the lunotri.­
quctral joint first. 

FIG. 13-5 Stages of progressive perilunate ill8tability: (1) scapholunata di&­
sociation; (2) capitolunate dissociation; (3) lunotriquetral dissociation; {4) lunate 
dislocation. 
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FIG. 13-6 Parilunate dislocation, palmar lunate dislocation. Nota lunate di&­
located palmarly with scaphoid and capitate dorsal. 

If the injury is purely ligamentoWJ, it is referred to as a ksr~MII'c IRJIU'J 
(Fig. 13-7). If there is a fracture involving one or mcm: of the bones around the 
lunate, it is known as agr«rJeMII'C btJIII'1 (Pig. 13-8). 

Axial Dislocc.tiuns and Fracture-Dislocations 

These me rare and have been described by Garcia-Elias and colleagues. The 
mechanism of injury is usually a high~nergy Cl"'ISh or blast injury creating 
an axially oriented injury to the hand and ClllpUS. 

The band and carpus are divided into columns: radial and ulnar. With in­
juries involving the ulnar column, the fourth and fifth metacmpals usually re­
main attached to the hamate (Fig. 13-9). A dissociation or fracture occurs be­
tween the capitate and the hamate and in some cases the triquetrum or 
pisotriquet:ral joint proximally. Radial column injuries involve the thumb and 
trapezium (Fig. 13-10). 

Rlllliocarpal Dislocation 

This is an unnsual injury in which the entire carpus as a unit dislocates from 
the radius. There is no injury to the proximal carpal row or midcarpal joint. 
These are often associated with radial styloid fraccw:es. 

FIG. 13-7 Injuries of the lesser arc involve only th& ligaments surrounding the 
lunate. 
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FIG. 13-8 Injuries of the greater arc involve not only the ligaments but also 
the bones surrounding the lunate. 

FIG. 13-9 Axial fracture-dislocation to ulnar column. These injuries can also 
presant without an associated fracture and with variable involvement of the 
triquetrum. 

FIG. 13--10 Axial dislocation of the radial column. Th6861njurles can also 
present with associated fractures of the trapezium and with variable involve­
ment of the trapezoid. 
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Ulnar translocation is a radiographic finding and type of radiocarpal dislo­
cation in which the entire carpus translates ulnarly. This can be seen following 
a traumatic radiocarpal dislocation secondary to injury of the palmar extrin­
sic ligaments, but it is most commonly the result of chronic ligamentous at­
tenuation. This is encountered mostly in infiammatory conditions such as 
rheumatoid arthritis. 

Diagnosis 

History 

Many wrist dislocations present themselves on a delayed basis. Neither the 
patient nor the initial treating physician may initially appreciate their sever­
ity. At times the symptoms can be relatively subtle and the radiographs mis­
leading or initially nondiagnostic. The history is usually one of a high-energy 
injury such as a fall from a significant height or a motor vehicle collision. The 
mechanism is an axial load with the wrist in pronation, ulnar deviation, and 
extension. 

There is always some element of pain, swelling, deformity, and loss of mo­
tion. The amount varies according to the severity of the initial trauma and the 
amount of bone and soft tissue damage. Because of this, there should always 
be an index of suspicion during the evaluation of any patient with wrist pain 
after trauma. 

Because these injuries are usually related to high-energy mechanisms, other 
associated injuries must be ruled out. These include injuries to head, chest, ab­
domen, and other extremities. A careful assessment of the ipsilateral extremity 
is mandatory, as the wrist injury may distract from other injuries to the adja­
cent hand, elbow, and shoulder. 

Physical Examillation 

The skin should be inspected for wounds possibly communicating with a frac­
ture or joint. Injuries associated with open wounds tend to be more severe 
and are often linked with injuries to the nerves and arteries. The vascular in­
tegrity of the hand must be judged before and after treatment. Because there 
is a relatively high incidence of nerve involvement, particularly the median 
nerve, a careful neurologic exam of the hand, including two-point discrimi­
nation, is needed. 

The palpatory exam may reveal points of maximum tenderness, which in­
dicate the areas of principal involvement. Unfortunately, in most cases, there 
is a diffuse, nonspecific tenderness over the dorsum of the wrist. 

A history of specific actions or maneuvers that increase symptoms can be 
helpful. The patient may be able to elicit or increase the symptoms by moving 
the wrist in a particular manner. Sometimes the wrist must be axially loaded, as 
when gripping or pushing against something, to duplicate the symptoms. 

Active and passive range of motion should first be assessed without any 
forces across the wrist. Range of motion is again assessed while placing loads 
across the wrist. The wrist is loaded actively by having the patient make a tight 
fist and passively by axially pushing the hand against the radius and ulna. At­
tention should focus on an increase in discomfort or a change in the normally 
smooth transition of motion. Associated noises may be heard or palpated such 
as crepitus, clicking, snapping, and popping. 

There are special provocative maneuvers or stress tests that can be performed 
to help diagnose instability. Watson's mtUieuver, or the scaphoid shift test, as-



13 FRACTURES AND DISLOCATIONS OF THE WIUST 183 

sesses the stability of the scapholunate ligament Direct pressure is placed with 
the thumb over the scaphoid tubercle in a dorsal direction. The wrist is then 
moved from full ulnar deviation into radial deviation. A positive result is 
elicited if the proximal scaphoid subluxates over the dorsal rim of the distal ra­
dius. This can be felt as a sudden dorsal shift of the carpus on the distal ra­
dius and is associated with pain. 

Volar and dorsal shift tests and the midcarpal shift ust assess the midcarpal 
joint. With volar and dorsal shift tests, the forearm is stabilized and the wrist 
is held in neutral position. The hand is then pushed volar or dorsal and the 
amount of motion and discomfort is assessed against the contralateral side. 
With the midcarpal shift test, the hand is pushed volar and the wrist is moved 
from ulnar deviation into radial deviation and repeated. A positive finding is 
a "catch-up clunk," in which the wrist suddenly jumps and pushes dorsally 
when going into ulnar deviation. 

The lunotriquetraljoint can also be tested with provocative testing. R111gtu1 's 
ust, or lruwtriquetrallHilloiUmelll, is performed by stabilizing the lunate dor­
sally and volarly with one hand by grasping it between the thumb and index 
finger. The triquetrum is then held in a similar fashion with the other hand 
and pressure is applied dorsally and volarly to the triquetrum against the 
lunate. An increased laxity and increase in pain is a positive finding. The 
lunotriquetral shear test is executed by placing volar-directed pressure on 
the dorsal lunate with one thumb and then placing dorsal-directed pressure 
on the volar pisiform with the other thumb. This places shear stress along the 
lunotriquetral joint, causing an increase in pain. 

DiagfiOstic Studies 

Rtuliogr4Phs should be utilized for the initial evaluation. A routine series 
includes neutral posteroanterior (P A), ulnar deviation PA, true lateral, and a 
45-degree pronation PA view. Similar views of the contralateral wrist should 
be obtained for comparison. The information from these x-rays is dependent 
upon their quality. Check to make sure the alignment is accurate in each view. 
If the initial series is not diagnostic then additional special views can be ob­
tained: a PA view in full radial and ulnar deviation and a clenched-fist AP view. 

The intercarpal spaces between the carpal bones are measured and should 
not exceed 2 to 4 mm, particularly in comparison with the contralateral wrist 
(Fig. 13-11). There should be a smooth transition without significant step-off 
between the carpal bones of the distal and proximal rows along a set of curved 
lines, GUula's lines, drawn along the articular surfaces (Fig. 13-12). 

The scaphoid is shaped like a cylinder. Its normal appearance is slightly ob­
long on the PA view, particularly in ulnar deviation. If the scaphoid is flexed 
abnormally, the x-ray will project the cylindrical shape down its axis as a cir­
cular shadow known as the cortical ring sip (Fig. 13-11). The lunate nor­
mally has a rectangular shape with some small overlap with the capitate. If the 
lunate flexes or extends abnormally, the overlap with the capitate will increase 
and the shape of the lunate will appear triangular. 

With dislocations and instability of the wrist, the height of the carpus can 
become shortened as the proximal carpal row rotates out from underneath the 
capitate. The carpal height Ttllio evaluates the carpal height (Fig. 13-13). The 
height of the carpus is measured from the proximal lunate to the distal capitate. 
This number is divided by the length of the third metacarpal. The normal ra­
tio is 0.54 :t: 0.03. If the result is abnormal, there may be a dislocation or frac­
ture of the wrist. 
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FIG. 13-11 PA •grip view'' radiograph showing scapholunate gap in excess 
of 4 mTl, also known as lhe "David Letterman sign" and cortical ring sign (doi!Bd 
llne9}. 

FIG. 13·12 Gilula's lines drawn along the articular surfaces of the proximal 
and distal carpal rows. Normally there should be no significant breaks In the 
congruity of the lines. 

FIG. 13·13 Carpal height ratio dMdes the height of the carpus (t;l by the 
length of the third metacarpal (A). The normal ratio Is 0.54 :t 0.03. A ratio less 
than this signifies some level of carpal collapse. 
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FIG. 13-14 Ulnar translocation ratio divides the distance between the center 
of the capitate and a line drawn down 1tle ulnar shalt {B) and 1tle length of the 
third metacarpal (A). The normal ratio is 0.30 ± 0.03. A number below this 
signifies some level of ulnar translocation. 

ll11tar ~"can be appreciated on the PA view if the carpus appears 
to be tnmslated ulnarly relative to tbe radius (Fig. 13-14). The ulnar transl.oca­
tion ratio can be identified radiographk:ally from the ratio of the distanoo be­
twceo. tbe cemcr oftbe capitate and a line along the loagitudinal axis of tbe ulna 
divided by !be leng1h of the third metacarpal. The normahatiois0.30 ::t: 0.03. 
If tbc n:wlt is less !ban Ibis, ulnar 1ra:Dslocalion should be suspccU:d. 

On the lateral view, tbe alignment of !be lunate and the inten'elationsbip of 
the scaphoid and the lunate are evaluated. The~ ~~~~~:IIJ is measun:d 
between a 1iDe drawn down the axis of the scaphoid and a line drawn down the 
axis of the lunate (Fig. 13-15). This angle should be between 30 and 60 degrees. 
The axis of the lunate should be within tS degrees of the axis of the capitate and 
the axis of the radius. If the lUIIlllc is dorsally tilted with a scapholunate a:agl.c 
greater than 60 degrees and a capitolunate angle grealer than IS degrees, DISl 
must be suspected (Figs. 13-16 and 13-17). If the lunate is volarly tilted with a. 
scapho!Dnate angle less then 30 degrees and a capitolunate angle greater then 
IS degrees, VISI must be suspccll:d (Figs. 13-18 and 13-19). 
~con can be utilized to assess dynamic inscability when the static ra­

diographs appear normal. Stn:ss 1cQjng is performed while looking at !be wrist 
in real time. 

FIG. 13-15 Normal scapholunate angle of 30 to 60 degrees. The scapholu­
nate angle is measured between a line parallel to the axis of the scaphoid and 
a line down the axis of the lunate perpendicular to il8 distal surface. 
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FIG. 13-16 Instability of 1h& dorsal intercalated segment wi1h the scapholunate 
angle in excess of 60 degrees. Notice 1hat the lunate surface is tilled dorsally. 

FIG. 13-17 Radiograph demonstrating dorsal angulation of the lunate with 
relative flexion of the scaphoid (DIS I}. 

FIG. 13-18 Instability of the volar intercalated segment with a scapholunata 
angle of less than 30 degrees. Notice that the lunate surface is tilted volarly. 
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FIG. 13-19 Radiograph demonstrating volar angulation of the lunate with rel­
ative extension of the scaphoid (VISI). 

Ardll'ography can be used to detect tears of the scapholunate and lunotri­
quc1ral.ligameuts as well as u:ars of the TFC. 

Unfortunately, the incidence of false-negative and false-positive results 
cc:mf'eJ:s poor specificity and a poor predictive value to arthrography. This is 
particularly true in patients above age SO. 

MagMtic 1'fiiOIU1JU:tl imaging (.MRl) has a relatively poor sensitivity in 
assessing injuries to the carpal ligament. n may be best utilized to assess and 
rule out other possible causes of wrist pain, lilce Kienbllck's disease and occult 
carpal fractures. If utilized, MRI should be performed with a l.S-tesla mag­
net and a dedicated wrist coil (Fig. 13-20). To increase sensitivity, gadolinium 
can be injected. using a technique similar to that used in obtaining a triple­
compaztmeut arthrogram. 

BotU 1C41111lng is best used to role oot significant wrist palhology. Because 
of its sensitivity, a negative result greatly reduces the possibility of signifi­
cant wrist palhology. However, positive results are nonspecific and may not 
provide much usefUl information. 

FIG. 13·20 MRI of a wrist with scapholunate dissociation. Note the large gap 
between the scaphoid and lunate, with a remnant of the scapholunate liga­
ment still attached to the lunate. 
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Wrist arthroscopy is the "gold standard" for the diagnosis of ligamentous in­
jury and instability. It can be used to confirm and stage the diagnosis. Addi­
tionally, arthroscopy can be used to effect treatment with repair or debridement. 

Treatment 

Initial MCUIOgement 

Dislocations of the carpus should be reduced as soon as possible. An initial as­
sessment and examination should be performed prior to reduction to document 
any deficits. The reduction technique is the same for perilUIUlk dislocatio'IIS, 
IIYlnsscaphoid fracture-dislocatio'IIS, and l'lllliocarpal dislocatio'IIS. Scapho­
lruuzte dissociatio'IIS, oxial dislocatio'IIS, and ubuu tnmslocatio'IIS cannot be 
treated with closed reduction alone and require more definitive management. 

Adequate anesthesia is critical and should be planned. A simple hematoma 
block or local block is usually not sufficient, particularly without deep seda­
tion. Preferably, the anesthesia team is consulted in the emergency depart­
ment. The anesthetist can monitor the patient and administer a regional block 
and any needed sedation. This allows the orthopedist to focus on the reduction 
itself. A regional block-such as an axillary, supraclavicular, infraclavicular, 
scalene, or Bier block-is preferred. These blocks provide analgesia and mus­
cle relaxation. both of which are very important for a successful reduction. 

The patient is placed in a supine position. Finger traps are applied to at least 
two digits and suspended with the elbow bent 90 degrees and the hand directed 
toward the ceiling. Traction is applied with 15lb of weight suspended from the 
upper arm, with appropriate padding. Traction is maintained for 10 min prior 
to any attempts at reduction. 

The reduction maneuver has been described by Tavernier. The hand is re­
moved from the traction setup to perform the reduction maneuver. An assistant 
should help stabilize the proximal forearm. The surgeon grasps the patient's 
hand as if to shake it and manual traction is applied. The contralateral thumb 
applies a dorsally directed force to the palmar part of the lunate at the carpal 
canal. The patient's hand is then brought into hyperextension and gradually back 
into flexion, pulling the head of the capitate over the dorsal rim of the lunate. 

Postreduction radiographs or fluoroscopy is used to assess the reduction and 
the injury pattern, including possible associated fractures. 

Initial attempts at reduction may not be successful. There may be exces­
sive swelling or soft tissue interposition blocking the reduction. If closed re­
duction is not possible, the wrist should be splinted in a neutral position and 
open reduction planned as soon as possible. 

After the reduction, a long arm thumb spica splint is applied with the wrist 
in neutral position and the elbow flexed 90 degrees. Strict elevation is criti­
cal, and the patient should be hospitalized at least overnight for neurovascular 
checks and frequent applications of ice packs. Definitive management should 
be planned and executed within 2 to 3 weeks of the injury. If there are persis­
tent median nerve symptoms after the closed reduction, surgical treatment 
should be performed as soon as possible. 

Definitive MCUIOgement 

Various treatment options are available, including cast immobilization, per­
cutaneous pinning, and open reduction and fixation. Long-term results with 
cast immobilization are poor; therefore this treatment should be reserved for 
individuals in whom surgery is contraindicated. For similar reasons, percuta-
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neous pinning is not usually n:commended as definitive management; it is usu­
ally reserved for cases when: an open reduction cannot be performed. This 
includes severely injured patients who are not stahk enough for a lengthier 
procedure or in whom rurgical incisions an: contraindicated because of soft 
tissue injury, sw::h as bums or open wounds. 

Percu/aneous pin-lixation t«./rnique. Tbc goal of pc:rcutaneous pin fixation 
is an accurate reduction and stable fixation. If an acceptable reduction cannot 
be achieved, open reduction and fixation is nccessm:y. 

The pinning technique is the same whether it is executed percutaneously 
or with an open incision (Fig. 13-21). The technique is depcndeut on good­
quality fluoroscopy. The patient is positioned supine with the band on an arm 
table. Tbc IISSistant stabilizes tbc foremn proximally. 

The lunate is first n:duced and fixed to the capitate. A 0.062-in. smooth 
K wn is preplaced ill the capitate. This K wiie is driven from distal to proltimal 
starting at the very distal, dorsal edge of cbe capitate near the carpometacarpal 
joint. 1bc K ~should be augled minimally relative to the capitatc. If the pin 
is angled too much, it will pus palmar to the lunate. Once the pin is preplaced 
ill tbc capitate, the 1nnate is reduced relative to the capimte. The lunate is usu­
ally doi'IIally angulated relalive to the capitate. The lunate is reduced by volarly 
translating, oot angnlatiDg, 1hc hand Rlative to the fore.arm. With the fore.w:m 
stabilized by the assistant, a volar translation force is applied to the dorsal 
hand. This pu&bes the capitate volady against the volar lip of the llmllte, tipping 
it back into a neutral position. During this maneuver, the hand is radially de­
viated to place at least 50% of the capitate over the lunate. Once the lunate is 
rednced, the p.in is advanced across the capitohmate jo.int. 

The scaphoid is then rednced and fixed to the capitate and the lunate. A 
0.045-in. K wire is preplaced near the snuffbox through the waist of the 
scaphoid. aimiDg toward 1he capitate. A second 0.045-in. K ~is placed in a 
aimilar fashion across 1he proximal pole of the scaphoid diJ:ecmd toward the lu­
nate. A 0.065-in. K ~is placed into the dOISal scaphoid from slightly distal 
to proximal and radial to ulnar to act as a joystick. The joystick K wire is then 
pulkd proximally and ulnarly to pull the scaphoid into extension and push it 

FIG. 13-21 Radiograph of a stage 4 injury exhibiting pinning technique. Note 
the capitolunate pin fixing the lunate in its reduced position relative to the cap­
itate. If this were a stage 1 or stage 2 injury, only the radial pins and capito­
lunate pin would be necessary. 
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against the lunate, which has been fixed to the capitate. Once the reduction of 
the scapholunate joint is verified fluoroscopically, the pins in the scaphoid are 
then advanced across the scaphocapitate and scapholunate joints. Two addi­
tional 0.045-in. K wires are placed alongside these pins for a total of two pins 
across each joint. 

If the injury involves the lunotriquetral joint, the triquetrum is then reduced 
and fixed to the lunate. Pressure is applied to the dorsal triquetrum in a volar 
direction. Two 0.045-in. K wires are placed across the triquetrum into the lunate. 

All pins are then cut well beneath the level of the skin. A long arm thumb 
spica wrist splint is applied with the wrist in a neutral position. After 1 to 
2 weeks the splint is changed to a cast. A short arm thumb spica cast can be 
utilized if the patient is felt to be compliant; otherwise a long arm thumb spica 
cast is used for the first 8 weeks. After 8 weeks, the pins are removed and im­
mobilization in the thumb spica cast is continued for 4 additional weeks. The 
total time of immobilization is 12 weeks after reduction and fixation. 

Beginning almost immediately after surgery and during the first 12 weeks, 
the patient is regularly seen in therapy for aggressive range of motion of the 
digits and edema-reducing modalities. 

Twelve weeks postoperatively, the cast is discontinued and replaced by a 
removable short arm thumb spica splint. The therapist then begins gentle ac­
tive and active assisted range of motion to the wrist. 

Eighteen weeks postoperatively, the splint is discontinued and more aggres­
sive passive range of motion is begun, including dynamic splinting. Gentle 
strengthening can commence, with more aggressive strengthening delayed 
until6 months postoperatively. 

Open reduction, ligament repair, and fixation. In most cases, a single, dor­
sal wrist approach is utilized for the bone reduction and ligament repair. If 
the patient exhibits median nerve symptoms, a carpal tunnel release should 
be executed. In these cases, a dual dorsal and palmar approach to the wrist is 
utilized. If no median nerve symptoms are present, a single, dorsal wrist ap­
proach is employed. 

The dorsal approach to the wrist is made through a longitudinal incision in 
line with the third metacarpal and Lister's tubercle, extending from the car­
pometacarpal joint proximally to Lister's tubercle. The extensor pollicis longus 
tendon is identified and the extensor retinaculum of the third dorsal compart­
ment is opened longitudinally. The extensor retinaculum is then released radi­
ally and ulnarly, exposing the extensor tendons. The joint is exposed through 
a fiber-splitting capsulotomy, as described by Berger (Fig. 13-22). This liga­
ment-sparing approach preserves the distal intercarpal and proximal radio­
carpal ligament through a radially based flap. 

The scapholunate ligament is usually avulsed from the insertion on the 
scaphoid, although avulsions from the lunate can also be observed. If the in­
jury is acute or subacute, there is typically enough scapholunate ligamentous 
tissue to allow for a direct repair. If the tissues are insufficient for direct repair, 
a dorsal capsulodesis may be required to reinforce the site. 

A repair technique as described by Viegas is preferred (Fig. 13-23). This 
technique repairs the scapholunate interosseous ligament (SLIL) and the dor­
sal intercarpal ligament (DIC), both of which have been implicated in the 
pathogenesis of instability. Small bone anchors are utilized with 3-0 or 4-0 
braided suture. Two anchors are placed in the dorsal rim of the proximal 
scaphoid at the insertion of the SLIL and just radial to it. An additional su-
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FIG. 13-22 Fiber~plitting capsulotomy approach to gain access to dorsal 
wrist 

ture anchor is placed in 1be dorsal rim of 1he lunate at the inscttion of the SLll... 
The sutunl8 are then placed through the stump of the SLIL with either the 
scaphoid or lunate anchor as appropriate. This same suture is then passed 
through the proximal part af the DIC. The remaining sutures arc passed 
through the DIC in a similar manner. When the sutures arc tied, the proximal 
segment of the DIC will be pulled over the SLll.. in a vest-over-pants fash­
ion. This will anchor the SLIL to its insertion and 1be DIC to the dorsal rim 
of the scaphoid and lunate. The su1ures are not tied UD.til the carpus is reduced 
and fixed with pins. 

The carpal bones are then reduced and fixed utilizing the techniques de­
scribed under "Percutaneous Pin-Fixation Technique." above. A small eleva­
tor may be needed to disimpact the caiplll bones or lever them into place. The 
carpus is then inspected for ligament injuries and associated fractures. There 
can be related osteochondral injuries to the scaphoid and lunate surfaces, with 
cartilage loss and loose bodies. These injuries require debridement of all loose 
fragments. After reduction and fixation af the carpal bones, the previously 
placed sutures are tied, securing the ligameo:tous tissue. 

Din:ct repair of the luno1riquctralligamcnt is not necessary for a good re­
sult. This joint is usually wen reduced on radiographs without 1he need for sig­
nificant n:duction maneuvers. The injury to the lunotriquctralligamcnt and 
joint is addressed with pin fixation. 

FIG. 13-23 Preferred repair technique using a portion of the distal inter­
carpalligament to augment the repair of the scapholunate ligament. Suture 
anchors placed in the lunate and scaphoid are used to secure the ligament and 
then the distal intercarpal ligament. 
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If the median nerve is asymptomatic and the carpus can be suitably reduced, 
a separate volar approach to repair the volar ligaments is unnecessary. If a 
carpal tunnel release is required or the carpus cannot be reduced through the 
dorsal approach. an extended carpal tunnel approach is used to assist in the re­
duction and decompress the median nerve. The transverse retinacular liga­
ment is released, allowing complete inspection of the median nerve. The flexor 
tendons and median nerve are carefully retracted to expose the volar capsule. 
The radioscaphocapitate ligament and palmar lunotriquetralligament are re­
paired directly with 4-0 braided sutures. Care must be taken not to place sutures 
across the tear in the capsule at the space of Poirier just distal to the lunate. This 
will add nothing to the repair and may promote stiffness. 

The carpal bones are reduced and fixed to one another using the technique de­
scribed in the discussion of percutaneous pinning. After the pins have been 
placed, the dorsal sutures are tied, anchoring the SLIL and DIC. The remaining 
dorsal capsule is repaired to itself with 4-0 braided sutures. The dorsal retinac­
ulum is repaired directly with 4-0 braided sutures, leaving the extensor pollicis 
longus transposed over the retinaculum beneath the subcutaneous layer. 

The postoperative rehabilitation program is then instituted as described in 
the discussion of percutaneous pinning. 

Scapho/unate dissociation. Scapholunate dissociation is part of the spectrum 
of progressive perilunar instability, as described by Mayfield and colleagues. 
Injury to the scapholunate interosseous ligament and the supporting ligaments, 
such as the dorsal intercarpal ligament, results in carpal instability. The treat­
ment is the same as described above for perilunate dislocations except for the 
reduction and pinning of the lunotriquetral joint, which is unnecessary in these 
cases. If there is any doubt that the injury may have been a perilunate dis­
location that reduced itself spontaneously, the lunotriquetral joint should be 
included in the pinning sequence. 

Transscaphoid perilunate fracture-dislocation. In cases of associated 
scaphoid fracture, transscaphoid perilunate fracture-dislocation, the scaphoid 
requires anatomic reduction and fixation and the lunotriquetral joint must be 
pinned. The scaphoid is usually fractured through its waist, preserving the 
scapholunate interosseous ligament, but the lunotriquetralligament and dorsal 
intercarpal ligaments are also probably ruptured. The fracture can be reduced 
through a palmar or dorsal approach. If the palmar approach is chosen, this is ap­
plied as described by Russe. After reduction and fixation of the scaphoid, the 
carpus is reassessed. If the scapholunate angle is normal and there is no signifi­
cant intercarpal gap, the lunate is percutaneously pinned to the capitate with a 
single 0.062-in. K wire from distal to proximal. The triquetrum is then pinned to 
the lunate with two 0.045-in. K wires. 

We prefer a single, dorsal approach, as described for perilunate disloca­
tions. This allows adequate visualization of the scaphoid for proper reduction 
and fixation of the fracture. The carpus is then assessed and repaired as needed 
with pinning as previously described. 

Regardless of the approach, the scaphoid is anatomically reduced and bone 
grafted as necessary. The fracture can be fixed withmultiple0.045-in. K wires, 
particularly if there is related comminution. If there is minimal comminution, 
a headless compression screw is the preferred form of fixation. 

TranJJradial styloid perilunate fracture-dislocation. In cases of associated 
radial styloid fracture, transradial styloid perilunate dislocation, the radial 
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styloid fragment must first be reduced and fixed. The fracture is approached 
and reduced through a dorsal ligament-sparing approach, as described previ­
ously. The fracture can be fixed with multiple 0.045-in. K wires or cannu­
lated screws. The carpal ligaments are then assessed and repaired as needed. 

Radiocarpal dislocation. This is a relatively rare injury. Because of associ­
ated injuries to the median and ulnar nerves, it is recommended that the nerves 
be decompressed through an extended carpal tunnel approach and the volar 
capsular tears repaired directly. The radiocarpal joint is then fixed with 0.062-
in. K wires through the metaphysis of the radius proximally into the scaphoid 
and lunate distally. The postoperative rehabilitation is similar to that of peri­
lunate dislocations, 

Axial dislocations and fracture-dislocations. These are relatively rare and 
associated with very severe high-energy injuries. Usually there are associated 
soft tissue injuries to the tendons, nerves, arteries, and skin, requiring repair 
or debridement. In many cases soft tissue coverage is needed with local or re­
mote fiaps. A combined dorsal and volar approach is usually needed to assess 
and fix the injuries, including decompression of the nerves. The joints and 
bones are reduced and fixed with pins and screws as needed. The morbidity 
of these injuries to overall hand function can be significant and carries a 
guarded prognosis. 

CompHcaUou 

The incidence of complications increases with the severity of the injury and 
associated injuries to the surrounding soft tissues. The most common compli­
cation is residual stiffness and associated weakness of the wrist and hand. This 
is observed uniformly among patients to varying degrees. 

Residual carpal instability, DISI, or VISI, can occur, leading to chronic pain 
and dysfunction. Posttraumatic arthrosis occurs in up to 56% of patients re­
gardless of early recognition and treatment. 

Associated median nerve injury or dysfunction can occur on an acute or de­
layed basis. Early recognition is important for timely treatment and recovery. 

Osteonecrosis of the involved carpal bones can occur but are relatively un­
usual complications. Nonunions of the fractures can also occur with varying 
frequency, depending on the energy of the injury. 

FRACTURES OF TilE WRIST 

The unique anatomy of the carpal bones differentiates them from the long 
bones. The bulk of their surface is enveloped in articular cartilage. As a con­
sequence, there are few areas through which blood vessels can enter. This 
leaves the blood supply at risk after injury. In addition, the better part of a 
carpal bone surface articulates with other bones. This magnifies the significance 
of any fracture displacement, which can result in posttraumatic arthrosis. 

CJaulfication 

Scaphoid Fractures 

Fractures of the scaphoid account for nearly two-thirds of carpal fractures. 
They tend to occur in younger individuals, most often in males. The mecha­
nism of injury is one of axial load to the radial half of the palm with the wrist 
in hyperextension. This extended wrist position cradles the proximal pole of 



194 HANDIIOOK OF FRAC'I\IRI!S 

Type A: Stable / Acute 

[) 8 
AI A2 

Type 8: Unstable I Acute 

8B[)r9 
Bl 82 83 B4 

Type C: Delayed Union TypeD: Nonunion 

p 
c Dl 02 

FIG. 13-24 Harbert classification of scaphoid fractures. 

the scaphoid while exposing its distal half to a bending moment, which leads 
to the t'ractun:. 

Herbert and Fisher have proposed a system that attempts to incorporate 
many of tbe attributes of scaphoid frac:tnn:8 (Fig. 13·24). These characteristics 
include chronicity, location, orientation, displacement, comminution, and as­
sociated injuries. This system attempts to prognosticate the outcome of the 
fracture based on its features. 

Time to treatment affects the prognosis of healing. Fractures treated after a 
delay in diagnosis have a higher rate of nonunion than those treaied early. A 
delayed union occurs after 4 to 6 months and nonunion after 6 months. 

The scaphoid can be geographically defined into thirds: a proximal pole. a 
middle waist, and a distal bead. Roughly 70 to 81Yl> of fractures occur in the 
middle dlird or waist of the scaphoid,. with 10 to 20% affecting the proximal 
pole and S% affecting the distal head. The location of the fracture has prog· 
nostic consequeru.:es based on the blood supply of the scaphoid. Palmar 
branches of the radial artery enter tbe distal tuberosity, ac:counting for 20 to 
31Yl> of the distal blood supply. Dorsal branches of the radial attery ente.t the 
dorsal ridge of the scaphoid along its middle third, accounting for 70 to 80% 
of the remaining blood supply. ~~~~~se of this arrangement, the location of 
the fracture and the amount af dillplacement can distuJb the blood supply. Frac­
tures of the proximal pole particularly can lead to a bigh rate of osteonecrosis 
and nonunion. 

The orientation of the fracture, the initial displacement. and the amount of 
comminution have been implicated in !be stability of the frac:tnre. RUMe clas· 
sified fractures according to the orientation of the fracture line related to the 
axis of the scaphoid. Transverse fractures made up the bulk, accounting for 
nearly two-thirds with the fracture plane perpendicular to the axis of the 
scaphoid. Horizontal oblique fractures made up one-third, with the fracture 
plane parallel to the plane of the joint and oblique to !be axis of the scaphoid. 
These had the most stable configuration. Vertical oblique fractures made up 
orsly s~. with the fracture plane perpendicular to the plane of the joint and 
oblique to the axis of the scaphoid. These are !be DlC)I;t unstable of the fractures. 
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The amount of fracture displacement has been implicated in the rate of heal­
ing and osteonecrosis. Fracture displacement of as little as 1 mm has been as­
sociated with rates of nonunion and osteonecrosis in excess of 50%. In addi­
tion, displacement can occur as a volar flexion angulation. More than 20 degrees 
of flexion at the fracture site or increases in the scapholunate angle indicate 
greater instability. Sometimes displacement is difficult to judge on radiographs, 
in which case evaluation by cr becomes necessary. 

Lunate Fractures 

Traumatic fractures of the lunate that are not associated with Kienbock's dis­
ease are relatively unusual. They are classified based on the fracture pattern: 
fractures of the volar pole (most common), smalliDliiginal chip fractures, frac­
tures of the dorsal pole, sagittal body fractures, and transverse body fractures. 

Triquetral Fractures 

Fractures of the triquetrum are probably underreported, as they may be diffi­
cult to diagnose and verify on radiographs. Nonetheless, these fractures com­
prise the second most common carpal bone fracture. The most common tri­
quetra! fracture is a chip or avulsion fracture off the dorsal aspect of the 
triquetrum. The ulnar styloid can forcefully impinge on the dorsal triquetrum 
as the wrist goes into hyperextension, shearing the dorsal part of the tri­
quetrum off the main body. In addition, the strong dorsal ligaments originat­
ing from the dorsal triquetrum can avulse a portion of the dorsal triquetrum off 
the body in the later stages of progressive perilWiate instability, as described 
by Mayfield and colleagues. Infrequently, larger fractures through the body 
of the triquetrum can occur in association with perilunate fracture-dislocations 
or axial fracture-dislocations. 

Trapezium Fractures 

Fractures of the trapezium occur as two types: fracture through the body of the 
trapezium and fractures across the trapezial ridge. Fractures of the body are the 
result of an axial load and can be associated with thumb metacarpal fracture or 
subluxation. Fractures of the trapezial ridge are more common and result from 
an avulsion of the flexor retinaculum incurred during a fall. 

Trapezoid Fractures 

These are extremely rare secondary to the protected position of the trapezoid 
within the carpus. Usually these are associated with axial fracture-dislocations 
resulting from severe blast or crush injuries. 

Capitate Fractures 

Fractures of the capitate can occur as isolated fractures, fractures associated 
with other injuries, or as part of scaphocapitate syndrome. As in the case of the 
scaphoid, the blood supply to the capitate is retrograde, which can compli­
cate healing. In scaphocapitate syndrome, the scaphoid and capitate fracture 
through their midportion as the wrist gets pushed into hyperextension. As the 
wrist returns to a neutral position. the distal portion of the capitate rotates the 
head of the capitate palmarly 90 to 180 degrees. This injury can surprisingly 
be difficult to appreciate on regular radiographs. Isolated fractures of the cap­
itate are usually minimally displaced and can be effectively treated without 
surgery. Fractures associated with other carpal injuries, however, are usually 
displaced, requiring surgical fixation. 
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Hamate Fractures 

Fractures of the hamate occur in two primary forms; through the body and 
across the hamulus. Fractures of the hamate body occur in a sagittal plane in 
association with axial fracture-dislocations. Fractures through the hook of 
the hamate are more common. These occur either through the base of the hook 
due to an impact injury or near the tip due to an avulsion injury from the flexor 
retinaculum. These fractures are particularly common among athletes play­
ing golf, tennis, and baseball or laborers like mechanics who are subjected to 
repetitive impact to the palm. 

Pisiform Fractures 

These are often associated with other wrist fractures and result from direct im­
pacts. They can occur as small chip fractures, split fractures of the body, or 
comminuted fractures of the body. There can be associated ulnar nerve symp­
toms and, because of the pisiform's articulation with the triquetrum, these 
fractures can result in posttraumatic arthrosis. 

Diagnosis 

A high index of suspicion is often required to make the diagnosis of a carpal 
bone fracture. Frequently these fractures are only minimally displaced and, be­
cause of the complex three-dimensional anatomy, standard radiographs can 
appear normal. Persistent wrist pain after a history of injury, particularly 
higher-energy injuries, requires a careful examination and appropriate diag­
nostic studies. 

Physical Exominolion 

The examination is performed like that for wrist dislocation. Areas of defor­
mity or swelling should be noted. Regions of palpable tenderness are partic­
ularly useful in defining the carpal bones involved. Persistent tenderness in the 
snuffbox distal to the radial styloid raises suspicion for scaphoid fracture. Ten­
derness near the proximal palm along the hypothenar region indicates a frac­
ture of the hook of the hamate. Similarly, tenderness along the proximal palm 
in the thenar region indicates a trapezial ridge fracture. Tenderness at the ulnar 
portion of the wrist flexion crease signifies pisiform injury, whereas tender­
ness at the radial portion of the wrist flexion crease denotes scaphoid tubercle 
fracture. 

Diagnostic Studies 

Several attributes unique to the carpal bones can make their fractures diffi­
cult to visualize on plain radiographs. The carpals are relatively compact and 
overlap in several areas. ln addition, the displacement or angulation of the 
fracture can be relatively subtle. Finally, the carpals are oriented in several 
planes, making them more difficult to assess on basic frontal and lateral views. 

Radiographs, even with their limitations, are helpful for the initial evalu­
ation, utilizing a four-view series: neutral posteroanterior (PA), ulnar devia­
tion PA, true lateral, and a 45-degree-pronation PA view. The lateral and 
pronated views can reveal dorsal fractures of the triquetrum and lunate. Spe­
cial45-degree-supination PA views can reveal injuries to the hamate, tri­
quetrum, or pisiform. A carpal tunnel view can be helpful in disclosing in­
juries to the hook of the hamate or the trapezial ridge. Multiple oblique views 
or direct fluoroscopy can sometimes reveal a small fracture fragment off one 
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of the carpal bones. If the initial radiographs are negative, repeat films should 
be obtained 2 weeks later, as bone resorption may make the fracture site more 
apparent. 

Bone scan is extremely sensitive to fractures but may be nonspecific. The 
bone scan cannot visualize alignment or quantify displacement. 

Magnetic resonance imaging (MRI) is more helpful, as it is also very sen­
sitive to fractures but is much more specific than bone scan. Unfortunately, it 
is relatively poor at quantifying displacement and alignment. 

Computed tomography (C1) or polytomography is the best at visualizing 
alignment and displacement of the bones and is very specific. CT scan is 
somewhat less sensitive than bone scan or MRI. CT scans show the fracture 
best with images at 1-mm intervals and the beam perpendicular to the frac­
ture line. In the case of the scaphoid, the beam would be parallel to the axis 
of the scaphoid in the sagittal plane. In the case of the hamate, the beam would 
be in the transverse plane parallel to the carpometacarpal joint. 

Treatment 

Initial MCUIOgement 

The cornerstone of treatment is an accurate diagnosis. After careful examina­
tion and radiographic testing, the diagnosis should be apparent. If the diagno­
sis is not clear, the wrist should be immobilized in a short arm wrist splint or, 
in the case of radial-sided pain, a thumb spica splint for 2 weeks. 

The wrist is then reexamined and further diagnostic studies are performed 
as needed to confirm or rule out a fracture. An MRI is preferred for its com­
bination of sensitivity and specificity. If the MRI is positive, a CT scan or 
polytomogram can be obtained to increase the specificity and visualization of 
the involved structures. 

Definitive MCUIOgement 

Scaphoid.frtu;turtJs. The treatment of nondisplaced scaphoid fractures de­
pends on an accurate diagnosis. The prognosis is significantly affected if the 
fracture is displaced and is subsequently treated as a nondisplaced fracture. 
Displacement is defined as any separation or translation greater than 1 mm, 
an increase in the scapholunate angle greater than 60 degrees, or scaphoid 
angulation at the fracture greater than 20 degrees. Anything appearing greater 
then a crack in the bone should be seen as indicating displacement. 

The alignment can be difficult to assess because of the fracture orientation 
and the wrlque shape and orientation of the scaphoid. This is particularly true 
in assessing fracture angulation. The radiographs must be of high quality and 
well aligned. Multiple oblique views in various positions of wrist rotation 
should be obtained in addition to the standard four-view series. If there is any 
doubt, a CT scan or polytomography should be employed to verify alignment. 

Nondisplaced fractures should be treated with strict immobilization. There 
has been a good deal of debate over the optimal extent of immobilization, in­
cluding the position of the wrist, inclusion of the thumb, and inclusion of the 
elbow. There is clinical and biomechanical evidence to support several op­
tions. The cast should be well molded and changed every 2 weeks until the 
swelling has stabilized. 

The mode of treatment also varies with the location of the fracture within 
the scaphoid. Fractures of the distal third are usually avulsion or impaction 
fractures involving the tubercle or articular margin of the scaphoid. These 
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should be~ with a short arm thumb spica cast fur 4 to 6 weeks, depending 
on the radiographs and physical eltliJIIination. 

Fractures of the middle and proximal thirds should be treated with a long 
ann thumb spica cast with the elbow flexed at 90 degR~Cs and the thumb in­
cluded np to tbc tip. The position of tbc wrist should be supinated, extended, 
and ulnail.y deviated. The cast should be well molded and changed every 2 to 
3 weeks,. depending on tbc amount of swelling. 

After 6 weeks of long arm immobilization. the cast em be changed to a 
short arm thumb spica cast for an additional 6 weeks. After 12 weeks of im­
mobilization. !he radiographs must be carefully assessed.lf there appears to be 
radiographic evidence of healing and 1here is no tenderness or pain at the frac­
ture sim, the ca.sting can be disc:ominued.lf there is any concern or doubt about 
the appearance of the radiographs, a cr scan or polytomogram should be ob­
tained to verify union. Because of the incidence of nonunion, the radiographs 
and physical examination must be repeated at 6 and 12 months prior to final 
discharge. 

Minimally invasive intemal fixation techniques, which can effectively sta­
bilize the scaphoid securely, have gained interest in the tn:atm.cnt of nondis­
placed scaphoid f.ra.cmres. Tbere can be significant financial and social burdens 
as a n:sult of the needed immobilization. This is particularly true in labcm:rs 
and athletes. In addition, fractures of the proximal pole appear to have a higher 
incidence of nonunion, delayed union. or avascular necrosis with closed treat­
ment. Minimally invasive internal fixation for nondisplaced scaphoid fractures 
can be offered to selected patients who may benefit. 

There is little controversy regarding the treatment of displaced scaphoid 
fra.ctun:s. To minimiu the rate of nonunion, malunion, and avascular necro­
sis, displaced fractures must be reduced and surgic.ally fixed. 

Several surgical techniques and approaches have been described.lflhe frac.. 
ture is minimaJJy displaced with little comminution, a closed reduction can 
be aucmpted.lf the reduction is successful, the flacture can be fixed with per­
cutaneously placed 0.045-in. K wires or preferably a percutaneously placed 
headless compression screw (Fig. 13-25). 

FIG. 13-25 Radiograph demonstrating the use of a headless, variable-pitch 
compression screw for the treatment of a scaphoid fracture. The screw was 
placed percutaneously in an antegrada fashion through the dorsal proximal 
pole of the scaphoid. 
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If closed reduction is unsuccessful, open reduction is necessary. An open 
dorsal or volar approach can be utilized to reduce the fracture and bone graft 
if needed. Volar approaches are preferred for middle- and distal-third fractures. 
Dorsal approaches are preferred for fractures of the proximal pole. Excessive 
volar comminution should be treated with a bone graft. 

After acceptable reduction, the fracture is stabilized with internal fixation. 
A headless compression screw is the preferred internal fixation device. The 
placement of the screw can sometimes be demanding and requires some skill 
and practice. Multiple K wires can be utilized if comminution and fracture 
configuration preclude the use of an internal screw. The K wires should be 
0.005 or 0.045 in. in size with at least three pins placed in a parallel configura­
tion down the axis of the scaphoid. 

Depending on patient compliance, a postoperative long arm thumb spica 
splint is utilized for the first 2 weeks. After 2 weeks, a short arm thumb spica 
splint is utilized for 4 to 6 additional weeks or until radiographic and clinical 
union is achieved. 

Other carpal fractuns. Nondisplaced fractures of the carpus excluding the 
scaphoid have a high rate of union with few complications. The wrist should 
be immobilized in a short arm cast for 4 to 8 weeks or until radiographic and 
clinical union have occurred. 

Displaced fractures must be reduced and fixed in the same way as displaced 
scaphoid fractures. Many of these fractures are relatively small, requiring the 
use of K wires or buried minifragment screws. Fractures of the capitate head 
and neck are ideally suited for fixation with small headless compression 
screws. Pisiform fractures can initially be treated with casting and the pisiform 
later excised if complications develop. 

CompllcaUons 

Arthritis 

Posttraumatic arthrosis can occur as a result of intraarticular fractures that 
have healed with displacement or associated osteochondral defects. The rem­
edy depends on the location and extent of involvement. If the midcarpal joint 
is involved and the radiocarpal joint is spared, a limited arthrodesis of the mid­
carpal joint can be performed. If the radioscaphoid joint is involved and the 
midcarpal joint is spared, a proximal-row carpectomy can be performed. If 
both the midcarpal and radiocarpal joints are involved, a total arthrodesis may 
be needed. 

Nonunion and Avascular Necrosis 

Scaphoid fractures have a relatively high rate of nonunion and avascular 
necrosis. Nondisplaced fractures can have a 15% rate of nonunion and dis­
placed fractures nonunion rates in the range of 50%. The rate of avascular 
necrosis depends on the location of the fracture and varies from 30 to 100% 
for middle-third and proximal-pole fractures respectively. Similar complica­
tions can be seen with displaced capitate head and neck fractures. 

Nonunions can be difficult to address, owing to bone loss and deformity. 
Vascularized bone grafts, wedge grafts, and corticocancellous bone grafts may 
be necessary to correct deformity and promote bone healing. If significant col­
lapse or degeneration occurs, the wrist can be reconstructed with a limited 
arthrodesis or proximal-row carpectomy. 
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14 Fractures and Dislocations 
of the Metacarpals 
and Phalanges 
John A Elstrom 

This chapter COVerli fractures and fracture dislocations of the metacarpals and 
phalanges. 

ANATOMY 

The metacarpals 2 through S have an expanded cuboidal base, with facets 
for articulation with the carpus and neighboring metacarpals. Dorsal and pal­
mar intermetacarpalligaments and interosseous ligaments stabilize these ar­
ticulations. The frrst carpometacarpal joint (CMC) is a biconcave saddle 
joint stabilized primarily by the anterior oblique ligament and the inter­
metacarpal ligament. 

The metacarpophalangeal joints (MCP) are complex hinge joints that al­
low medial and lateral movement when they are fully extended. The volar as­
pect of these joints is supported by a volar plate. The collateral ligaments are 
medial and lateral to the joints and are the primary medial and lateral stabiliz­
erli. The metacarpal head is cam-shaped, and the collaterals are under maxi­
mal stretch in flexion. The MCP joint is safely splinted in 70 to 90 degrees of 
flexion. The cam effect of the metacarpal head maintains the length of the col­
lateralligament and prevents extension contracture (Figs. 14-lA and 8). The 
MCP joint of the thumb is structurally similar to the other MCP joints, but its 
intrinsic muscles (adductor pollicis, abductor pollicis brevis, and flexor pollicis 
brevis) and three extrinsic tendons (flexorpollicis longus, extensor pollicis bre­
vis, and extensorpollicis longus) are dynamic stabilizers. The thumb is splinted 
in opposition (the position of function) to avoid contracture of these intrinsic 
muscles (i.e., the first web space). 

Proximal and middle pbalanges have a slight apex dorsal curve. The prox­
Imal and distalinterpbalangeal joints (PIP and DIP) are true hinge joints. 
Stabilizing ligaments are similar to those of the MCP joint, but unlike the MCP 
joints, there is no side-to-side motion. The PIP joints are splinted in 0 to 10 
degrees of flexion, thereby preventing the development of a check-rein effect 
about the volar plate with a flexion contracture. 

The extensor hood is dorsal to the PIP joint; its central slip inserts on the 
middle phalanx and the lateral bands form the DIP joint extensor. The flexor 
digitorum sublimis (FDS) inserts on the middle phalanx, and the flexor digi­
torum profundus (FOP) inserts on the base of the distal phalanx. 

FRACTURES OF mE METACARPALS 

Classifi.cation 

Fractures of the metacarpals are classified as involving the base, the diaphysis, 
the neck, or the head. Additional factors that influence management are 
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A 

FIG. 14·1 A and B. The cam shape of the metacarpal head causes the col· 
lateral ligaments to be stretched maximally when the MCP joint Is flexed. 

wllctber 1be ~is open, closed, or the n:sull ar a IJi&h-eacrgy injiii)', and 
wbetha more than one metacarpal is fnctun:d. 

Fmctures of the metacarpal'ba8a can be usoci.atcd with donal subluxa­
tion of the CMC joint (Fig. 14-2). 1bi11 is particularly true of fractures af the 
bale of the fifth mc1acaJpal, which arc displaced dorsally and pro:ximally by 
the exteuor carpi ulnarill (Fig. 14-3). 

A torsicmal force to the fi.Dger, uialloadmg of the mcw:upal head. or a 
direct blow to the dorsum ar the haod detennines whedler a metacalpal shaft 
fractUie is oblique or 11lmsvenc. 

Metacarpal DKk fracmres, also known as bour's i'nldurrJI, are due to an 
axial loading volarly din:ctcd fmlle to the metacupal head. The interosseous 
muscles maintain the fracture in a flexed pollition. 

Fractumi of 1he metaearpal b.eacl arc due to avulsion of a collatenlliga­
mcnt or to impaction from a longitudinal blow. Fnctnre of the metacarpal 
head due to impaction from a tooth diiiiDg a fistfight is also known aa a flald 
bite and is particularly likely to become infected. 

Dl$oda aM lallfal Mana....,...t 

History and Physical Ex.tJminDiion 

~is pain localized to 1be an:a of injury and a history of 1nuJma. Swelling 
will be present, deformity may be. In particular, cmrect rotational a1.i.gnmcDt 
must be confinned. Digital scissoring may occur in spin! fractures of the 
melllcalpal diaphyBis, and it i11 e1111e11tial to flex the injured MCP joint to obaerve 

FIG. 14-2 Dorsal dislocation of the fifth MCP joint and a fracture of the base 
of the fourth metacarpal. 
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FIG. 14-3 Fracture wilh subluxation of the base of lhe fifth metacarpal and 
Bennett's fracture of the first metacarpal. 

rotatioual alignment. The fiDgettips of curec:tly aJigDcd fiDgets point towud 
the tubercle of the scaphoid. Alignment of the nail bed can also be compared 
with the opposi1e aide to check far this deformity. It will not be mdeDton x-ray. 

Rodiographic Examination 

Anteropoaterior (AP),Iatcral, and oblique views of the band are obtainecl. A 
3o.dep=e promdiw AP view of the fifth CMC joints will allow subluxation of 
this joint. Computed tomography (C'l) may help in the evalwttiw of the CMC 
joints. 

Initial MQIIQgentent 

IDitiallllliDllgement of a metaa~~pal fradure that is dispW:ed is reducliw and 
immobilization in a splim. The splint exteDds from the PIP joints to the elbow. 
The position of immobilization is as follOWB: the MCP joints are flexed to 90 de­
grees, the PIP joints are extended, and the wrist dorilllexed to 20 degrees. 
When reduction is required, a metacarpal or hematoma block is administered. 

Fradure-dislocationa of the base of tbe metacarpalll (the MCC joiDU) 
are reduced by longitudinal traction and pressing the metaaDpal base volar­
ward. Fractures of the .me1acarpal diaphysis and neck are usually angulated 
with the apex domal. Dlaphyaellll'mc:tans are reduced with longitudinal~ 
tion md appli.cation of a COIRCti.ve fon:e to the apex of the defmmity. Spiral 
frac:tares of the diaphysis are often undereatimated. They require immobi­
lization with the MCP joints fiexed 110 dlat rotldioDal defonDity doea not occur. 
Bcmer'sl'nlctuns are reduced by flexing the MCP and PIP joints and pushing 
the proDma1 phalanx dorsally at the PIP joint to lift the metacarpal head while 
maintaining volar-directed pressure on the metacaJpal proximal to the frac­
ture. Fractures of the metacarpal bead usually do DOt require cbed reduction 
and are spli.Ided. 

Alsodafed Jajurtaa 

A wound over the metacarpal head should mise suspicion of a fight bite. Be­
cause of the Ub!jboocl ofiDfecticm. line injuries should be surgiallly explmed, 
thoroughly irrigated, and closed secondarily. Other injuries usociated with 
metacazpal fr:acturea and dislocations are iDfmluad. 
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Definitive Maugemeat 

Most metacarpal fractures are managed with splinting or casting for 3 to 
6 weeb. Immobilization is disCODtinued when there are clinical (i.e., abseaoe 
of pain at the fradure site) and early radiographic signs ofhealiDg. 

'Ihere are specific indicatioDS for surgery for each type of metacarpal frac­
ture. An Wlltable fi:acture or a less than anatomic reduction of a fracture of 
the m.etaearpal bue is liD mmcation far opcntive mlm:tion and lixation. The 
fracture is either reduced under dimct vision through a daraal incillion or with 
the aid of fluoroscopy. IWscbDer wires are driven across the fracture into the 
carpus or, in llituatioml involving multiple .melllcarpals, plate fixalion spanning 
the carpometacarpal joint may be preferable. Postoperatively, the hand is 
splinted for 3 to 6 weeks. During this time, the splint is removed daily for 
r~of-motion exercises of the PIP and MCP joints. K wires are removed 
when fracture or joint stability is assured. Plate fixation has the advantage 
that it does not intafere with rehabilitation and it can be removed at any time. 

lnclications for intmW fixalion of fractures of lhe JDetaallplll dJaphyBis ar­
eas follows: (I )shortenillg of more than 3 mm, (2) rotational malaligmnent 
resulting in digital scissoring, (3) dorsal angulation of the fourth and fifth 
mew:arpa1s greater than 40 degrees, (4) dorsal angulation of the second and 
third metacarpals greater than 10 degrees, (S) mnltiple metacalpal fractures, 
and (6) gunshot wounds or crush injuries with comminution or loss of bone 
(Fig. 14-4). The fracture can be reduced closed nsing fluoroscopy or expoaed 
through a dorsal inl.:isim. FDctumi reduced closed are stabilizc4 with percuta­
neous K wires. Plates and screws, interosseous K wires, and intnuneclullary 
K wires are used to stabilize fractures that have been opened. Fractures widl 
a deficient or contaminated soft tissue envelope need &table fixation, especially 
to prevent~; they are IDIIIlaged with plates and screws. an exmmal fix­
ator, K-wire spacers. or polymethylme!bacrylate spacers prior to the definitive 

FIG. 14-4 A to D. Multiple metacarpal fractures resulting from a crush injury 
to the hand, treated by debridement, Immediate Internal fixation, and~ 
ondary wound closure, thus allowing early motion. 
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reconstruction. Postoperatively, simple fractures are immobilized for 6 weeks, 
the splint is removed daily for range-of-motion exercises, and the pins are re­
moved at 6 to 8 weeks. The postoperative management of fractures with loss 
of bone and severe soft tissue injury is individualized. 

Indications for internal fixation of fractures of the metacarpal neck are 
rotational deformity resulting in digital scissoring and excessive dorsal angu­
lation of the apex. Up to 40 degrees of angulation in the fourth and fifth and up 
to 10 degrees in the second and third metacaipals are acceptable. A greater an­
gulation is acceptable in the fourth and fifth metacarpals than the second and 
third because the latter CMC joints are more rigid, and significant angulation 
results in a more obvious dorsal defonni.ty and a prominent metacarpal head in 
the palm with painful grasp. 

The fracture is reduced closed using fluoroscopy and stabilized with per­
cutaneous K wires driven into an adjacent metacarpal or used as intramedullary 
rods and inserted through the MCP joint. When they are inserted through the 
MCP joint, they are cut long, and the MCP joint is maintained in flexion until 
the fracture heals (usually 4 to 6 weeks), at which point the pins are removed. 

Undisplaced fractures of the metacarpal head are splinted, as described 
under .. Initial Management," above, for 3 weeks. Fractures with large dis­
placed intraarticular fragments are exposed through a dorsal incision, reduced, 
and stabilized with K wires. Comminuted fractures that cannot be reduced 
are managed with distraction in an external fixator or dynamic traction. 

Collateral ligamentous avulsions are managed with buddy taping. Collateral 
avulsion with bony displacement of more than 5 mm is managed with open re­
duction and pinning. Fight bites are always explored, debrided, and irrigated 
through the wound and left open. Parenteral antibiotics are administered for 
2weeks. 

CompUcatioDJ 

Complications include malunion, nonunion, posttraumatic arthrosis, and joint 
contractures/tendon adhesions. Malunion includes digital shortening, un­
sightly or poinful bony prontineoce, and malrotation (digital scissoring); 
these can be managed with osteotomy and internal fixation. Nonunion is in­
frequent and is managed with stable ftxation and bone grafting. Adhesions 
and contractures are managed initially with intensive physical therapy and 
later, if necessary, with surgical release. Arthroplasty of the MCP joints and 
CMC joint arthrodesis are possible salvage procedures but are rarely needed. 

FRACTURES AND DISWCATIONS OF THE PHALANGES 

Fractures of the phalanges are classified as involving the base of the proximal 
phalanx, the diaphysis of the proximal or middle phalanx, the PIP joint, the DIP 
joint, or the distal phalanx. Dislocations involve the MCP, PIP, or DIP joints. 

Fracture of the base of the proximal phalanx is due to avulsion by the 
collateral ligament (comer fracture) or impaction by the metacarpal head. Pilon 
fractures are comminuted intraarticular fractures of the base of the proximal or 
middle phalanx; these are difficult to reconstruct surgically and have a poor 
prognosis. 

Fracture of the diaphysis of the proximal or middle phalanx: is caused 
by a direct blow or torsional force. Fractures of the proximal phalanx have 
apical volar angulation secondary to the pull of the interossei. Deforming forces 
on the middle phalanx are the FDS tendon and the long extensor tendon. Distal 
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fractures of the middle phalanx tend to have apical volar angulation, proximal 
fractures, aod apical dorsal angulation. 

Fractures of the PIP joint involve the proximal or middle phalanx. Frac­
tures of the proximal phalanx are condylar, unicondylar, or bicondylar (com­
minuted); undisplaced; or displaced. 

Fractures of the base of the middle phalanx are undisplaced or displaced, in­
volving the volar or dorsal lip; they may be lateral avulsions and commin­
uted (pilon-type) fractures. 

Fractures of the DIP joint involve either the condyles of the middle phalanx 
or the base of the distal phalanx. Fractures of the dorsal lip of the distal pha­
lanx, or mallet finger, are caused by avulsion of the extensor tendon. Fractures 
uf the volar lip of the distal phalanx are caused by avulsion uf the FDP tendoo or 
volar plate during hyperextension. FDP avulsions occur in contact sports such as 
rugby or football and most often involve the fourth finger. 

Distal pbalangeal fractures are caused by a direct blow or by a power tool. 
These are frequently open and often involve an injury to the nail bed that must 
be repa.Ued. Radiographically, they are longitudinal, transverse, or comminuted. 

Dislocations of the MCP and DIP joints are usually dorsal and caused by 
hyperextension. Dislocations of the PIP joint are most commonly dorsal, but 
they can also be volar. Volar PIP joint dislocations are associated with an ex­
tensor tendon central slip rupture and require special treatment of that injury. 

Diagnosis and IDitlal Management 

History and Physical Examination 

There is a history of trauma, with pain at the area of injury. There may be 
swelling and deformity. Malrotation, which can result in digital scissoring, 
will be evident by flexing the MCP joints while keeping the PIP joint extended 
or by checking the rotation of the nail bed. Dimpling of the skin associated 
with a dislocation indicates that reduction may not be possible by closed 
means. MCP joint dislocations frequently require open reduction. 

Radiographic Examination 

AP,lateral, and oblique radiographs define the injury. CI' imaging can be hell>' 
fu1 in characterizing obscure joint injuries, but the proper coils must be available. 

Initial Management 

The majority of fractures of the phalanx are managed with closed methods. 
Buddy taping is used for fractures of the proximal and middle phalanges that 
do not require reduction. In cases where reduction is performed, a metacarpal, 
digital, or hematoma block is administered and the deformity corrected; this 
consists of traction and manipulation to correct angulation or malrotation. 
Immobilization of a reduced proximal phalangeal fracture is done by taping 
the injured finger to an adjacent digit and applying a cast or splint extending 
from the proximal forearm to include the involved fingers or terminating the 
cast at the metacarpal heads and using an Alumafoam extension. The wrist is 
immobilized in 20 degrees of dorsiflexion, the MCP joint in 80 degrees of flex­
ion, and the PIP and IP joints in extension. Except for splinting to the adjacent 
digit, uninvolved fingers should not be immobilized. Fractures of the PIP joint 
and distal phalanx are immobilized in an Alumafoam splint. 

The reduction of dislocations of the PIP and DIP joints is usually a matter of 
correcting deformity and can be accomplished with or without anesthetic block 
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simply by pushing the displaced distal scgmt:Dt pa1marwanJ OVCI' the stabilized 
prolrlmal component. Traction can be counte:lprOductive in aome inltance8. 

DefiDltM .Mauaemeat 
Small avulsion fractures of the base of the promaal phalaDx are managed 
wilh buddy taping and cady protcctcd molioD. Displaced fragments compris­
ing more 1han 30% of 1he articular surface are exposed through volar or dorul 
incisiona, depending on location, and fixed with small K wires, or screws. 
liDpac:Cion fractures are managed with reduction of the joint surfue, eleva!ion 
of clcJesscd articular segmems, and fixation of the joint surface to the diaph­
ysis. The MCP joint is immobilized at 90 degrees to "mold" the fracture to 
the shape of the mctacmpal head. Motion is stam:d at 3 weeks. When a com­
minuted impaction (pilon) fracture caDDot be reduced and stabilized surgi­
cally, dyuamk: l:rllction through the middle or distal phalanx (with or without 
a limited open reduction and pinning) can provide a qualifi.ed reduction and al­
low early passive motion. The Schmck dyuamic sptint is useful in this regard 
(Fig.l~S). 

Undisplaced fral:torca of the diaphysis or the pruimal aad IDic1dle pha­
lages are managed with buddy taping and supportive casting (or splinting). 

Disphwcd diaphyseal fractuml am lllliJiagCCI with closed reducli011 and cast­
ing for about 3 weeks. Clinical fracture stabilizati011 occurs rapidly, and pro­
lcmgcd .immobllizatiOil while waiting for radiographic signa of c:cmsolidatiOil 
is delrimetdal. Up to 15 degrees of angulatim in 1he plaDe of motim is well tol­
erated. Rotaticmal defoJmi1y mrulm in digi.tal scissoring, and mgulatiDn in the 
coronal plane results in spaces between the fingers whcD 1he hand is cupped . 
.. Bayoneting" of ftacturc fl:agmcnts results in a promineDt spike of bone that 
can result in impingemeot on teodons, limiting motion. 

Failure to maintain reduction, open fractures, and injuries with multiple 
fractures are indications for operative reduction and stabilization. Open re­
duction is pc:rfmmed through a split&g inciJion of the dcmal e1tcmm tendon; 

I 
FIG. 1 ~5 The Schenck dynamic traction device. (From Ss"is /, Goitz R, 
Sol6menos D. Dynamic lraction and minimaJ intemsJ fixatiOn for thumb and dig­
its/ pilon fractures. J Hand Surg 29A:39-43, 2004, with permission from the 
American Society for Surgery of the Hand.) 
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FIG. 14-6 A to D. Displaced transverse fracture of the base of the index 
finger proximal phalanx, treated by percutaneous pinning. 

closed mJuction is acbieved with the aid offlumoswpy. Fixation is doue wi1h 
K wires, plate and screws, or an extemal fixalor. '!be typical transverse frac­
ture is fixed with croflsed mDamedullary K wires (Fig. 14-6) and the oblique 
frac:tures with interfragmentary screws or K wirea (Fig. 14-7). For commi­
nuted ctiaphyaeal fracrures, a miDi.platc and screws provides fixation lhat al­
lows immediate motion (F'tg. 14-8). POIICDpcndively, immobilization is main­
tained for a few days for the wound and fracture to stabilize; if fixation ia 
adequare, active nmge>af-motion exen:ises are ioitialed. 

Undiapbwed fractures of the PIP joint (proJUmal. or middle pbal.anx) are 
maoaged with buddy taping. Displaced unicondylar or bicondylar fractures 
of the pro:Wnal phalanx are :mlu<:ed open and stabilized. The auqical expo­
aure splits the extmsor tendon. thereby preserving the ldtadunent of the cen­
tral slip tendon on the base of middle pbal.anx. Stabilization is done with K 
wires or screws. Barton (1984) descnDed an excellent extraarticular method of 
red11Ction and fiDtion of oblique UDWondylar fracCmes using a midlateral. ap­
proach, precisely reducing the extraarticular c:omponent and fixing it with a 
transverse K wire or ac:rew. Comminuted fl:'actunla are managed with an ex­
temal fixalor or with dynamic traction. 

Displaced volar lip fractures of 1he bue of the middle phalanx involving 
more than 30% of the joint IUlface are often associated with joint instability 
(Fig. 14-9). They are exposed dlrough a volar Brunner incision, the A-3 pul­
ley is opened, flexor tendons are retracted, and the fragment is reduced and sta­
bilized with K wires. Allcmatively, comminuted fnlgmcnla are exciaed and the 
volar plate is sutured into the defect with a pull-out suture. The joint is pioned 
for 3 weeks or, altematively, an exteiWon-block K wire can be inserted into 
the head of the proximal phalanx. maintaioillg joint reduction by preventing 
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FIG. 14·7 A to D. Spiral fracture of the proximal phalanx stabilized with trans­
verse 1.5-mm screws. 

dcnal displ~WCD~ellt of tbe middle phabmx. Limited protccled motioD can~ 
gin when the sitaalion has stabilized and the pillll have been removed. Re­
cently, grafting of the defect wi1h tbe distal uti.cular surface of the h111111de 
has been deacrihed. Agee (1978) deacn"bed a force coupling device for main­
t:aimngjoill1 reduction wbilc allowiDg motion. 

FIG. 14-8 A to D. Comminuted angulated middle phalangeal fracture hated 
with a mlnlplate and screws, thus allowing early motion. ( Courwsy of Rob9ft 
F. Hall, Jr .• M.D.) 
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FIG. 14-9 A and 8. Comminuted fracture-dislocation of 1he PIP joint. ( Counesy 
of Rob6ft F. Hall, Jr., M.D.) 

Fracture8 of the dorsal lip are rare and represent avulsion of the c:entral slip 
of the extemor teudon. Disphwemem of JD0R11hm 2 mm. IeSulta in m exten­
sion lag or boutonniere defonnity. If .1110re dum 30% of the articular surface 
is involved, the joint may be unstable. Exposure is 1hrough a dorsal approach. 
and atabilization is done with K wires or a pull-ouliiUIIlre tied over a volar but­
ton. Displaced lateral avulsion fractures are the IeSult of coll.atmU lipmem 
avulsion. They are opened, reduced, and lltabilized with a pull-out wire, figum­
of-eigbt teusion band. or K. wiml. 

The COIDIDioufed fracture of the middle phalangeal base ill also a piton frac.. 
tun:. Fl:aCtlml mluctioD can be diflicult to achieve ami majntajn· the mrolta of 
open treatment are mediocre. Collapse of the joint llllrface requires elevalion by 
means of a limited open procedure aDd. rarely, the support of a bolle graft. s~ 
verely comminuted fractures can then be IIUIDllged with an extemal fixator or 
d}'lllllllic &kdetal traction (Fig. 14-S). 

Fractures of the DIP joiDt involve the head of the middle phalanx or the base 
of the distal phalaDx.Intraareicular fractures of the CODdylea of the middle pha­
laox are similar to condylar fractures of the proximal phalaDX. Undispl.aced 
condylar fractures are IIUIIIaged with sp1iDtiDg or buddy taping. Displat.Jed frac.. 
tures are opened, reduced, and piDned. The DIP joint is immobilized for 
3 weeks, but the PIP joint is left unsplinted. A fracture of the donal Up of tile 
dJstal plullalm, or lllllllet Boger, is an avulsion of the exteDllor tendon. Most 
are IDAIIllged with Dmnobilizati.on of the DIP joint in extension for 6 weeks. 
Fractures compriaing more than 30% of the articular ll1ri'ace may be reduced 
open and pinDed through a donal incision, but the complica1ion rate is high: 
foremoat is stiffness. Open reduction is recommended only for those f'riK:tures 
uaociated with subluuti.cm. of the joint. A better altemative is closecl extm­
&ion-blocksplintiog (Fig. 14-10.4 to C). In this method the DIP joint is flexed 
mpimally and. using ftUOIOSCOl'Y, a K wire is iDserted imn the head of the mid­
dle pbalanx to block retradi.on of the awlsed bone fragment. The distal frag­
ment is then reduced to both the articular surface and the dorsal avulsed frag­
ment and the joint is pinned longitudinally.ln either instaru:e, the joint is pinned 
for6weeb. 

Fractures of the volar lip are FDP awlsions and are explored. The tendon 
is repaired or the fragmellt of bone is reduced and stabilized with a pull-out 
wire or small-diametel' K wires. 
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FIG. 14-10 A to C. Extension-block pinning for large mallet fractures. (From 
Hofmeister E. Mazurek M, Shin A.. Bishop A. Extension block pinning for large 
mallet fractures. J Hand Surg 28A:453-459, 2003, with permission from the 
American Society for Surgery of the Hand.) 

Undisplaced lrallsve:rse tuft fractuies of the cJlstal pbalaDJ: are spliDted a.f­
mr any subungual hematoma ill decompressed. Displamd. fractnres are often as­
sociak:d with a soft 1iasuc laceration and are piDned if Ulllltablc. Disruplion of 
die nail bed must be repaired or nail deformity will ensue with nail regrowdl. 

Longitudinal fractures may be intraarticular and, when displaced, are 
pinned percutaDeously wilh the aid of fluoroscopy or under ctmct vision. 

Dislocation of the MCP joint is most commonly dorsal and can be recog­
nized with h.yperexmnaion of the digit Thill can be reduced by distal and volar­
based pressure on the base of the proximal phalanx. Irreduc:t"ble dislocation is 
caused by detachment of the volar plate and its interposition between the 
metacBipal head and the baae of the proximal phalanx. The digit ill in slight 
hyperextension, and the volar skin may be puckered. Opera!ive redaction can 
be through a volar or donal. incillion. The volar plate is divided longitudinally 
dirough the dorsal incision. allowing the metacarpal head to m1uce. To affect 
nxl.uction dlrough the volar approach, the A-1 pnlley is divided, allowing the 
tendon to be retracted and permitting the volar plate and proximal phalanx to 
fall into a reduced position. 

Dislocation of the PIP joint is most commonly dorsal but can also occur 
volarly. Dorsal dislocation is IIIIIIOCiatcd with avulsion of the volar plate and 
is usually stable. 1'hill can be tteated with immobilization or extension-block 
splinting for l to 2 weeks. Unstable dorsal dislocations with volar fractures 
can be m:ared with extension-block splinting for 3 to 4 weeks, extension-block 
pinning, or open nxl.uction of a large fragment. In extension-block pinning, a 
K wire is placed through the head of 1be proximal phalanx. temporarlly block­
ing extension and rediBplacement of the middle phahmx. 

Volar dislocation of the PIP joint can be straight volar or with a rotatory 
component. Straight volar dislocations usually involve avulsion of the cen­
tral slip. Reduction is performed with gentle traction, and the PIP jolnt is 
splinred in extension for 6 weeks to avoid a boutonniere deformity. Rotatory 
dislocation of the PIP joiat most imqucntly involves buuonholing of the 
condyle of the proximal phalanx between the centtal slip and die lateral band. 
This can be ilredncible; open reduction is then necct~smy to extricate the lateml 
band from the joint and mlucc the entrapped condyle. 

Dislocations oftbe DIP joint are genmill.y dorsal and are reduced wilh gentle 
traction. Irreducible dislocations are rare and are 1111ocial00 with interposition 
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of the volar plate or flexor tendon. Surgery is necessary to extricate the inter­
posed structure. 

Complications 

Complications of phalangeal fractures and dislocations include malunion, 
chronic subluxation, nonunion, joint stiffness, and posttraumatic arthrosis. 

Malunion can be managed with osteotomy and internal fixation to correct 
deformity; but in special circumstances, such as joint subluxation or Swan­
neck deformity, arthroplasty or a soft tissue procedure, respectively, may be 
indicated. Corrective osteotomy is generally delayed until soft tissue equilib­
rium has been restored (e.g., edema and swelling are gone and a satisfactory 
range of motion is present). Neglected joint instability is corrected immedi­
ately if the disability warrants. 

Nonunion and joint stiffness are addressed with either intemal fixation and 
possibly bone grafting in the ftrst instance or aggressive physical therapy in 
the second. Occasionally, significant loss of motion will benefit by a soft tis­
sue release. 

FRACTURES OF THE THUMB 

Two injuries are unique to the first ray: fractures of the base of the metacarpal 
and gamekeeper's thumb. Other fractures of the first ray are managed as are 
their counterparts in the second through fifth rays. 

Fractures of the base of the first metacarpal are classified as Bennett's frac­
tures, Rolando's fractures, or extraarticular fractures. The Bennett's frac­
ture is a fracture-dislocation. The volar lip fragment is held by the anterior 
oblique ligament and varies in size. The metacarpal shaft is subluxed radi­
ally, proximally, and dorsally by the pull of the adductor pollicis brevis and 
the abductor pollicis longus (Fig. 14-3). The Rolando's fracture is a com­
minuted intraarticular fracture of the base of the first metacarpal. Extraarticu­
lar fractures of the base of the first metacarpal are usually transverse frac­
tures within 1 em of the articular surface. 

Gamekeeper's thumb is an avulsion injury of the ulnar collateral of the 
MCP joint. The collaterslligameot is often displaced proximally, allowing the 
adductor tendon to become interposed between the tendon end and its inser­
tion on the base of the proximal phalanx. This produces the Stener lesion (Fig. 
14-11A and B). The collateral ligament can also be avulsed from the proxi­
mal phalanx with an osteocartilaginous fragment of the articular surface (a 
corner fracture) or tom in midsubstance. 

Diagnosis and Initial Management 

History and Physical Examination 

There is a history of injury to the thumb. Pain, swelling, and localized ten­
derness indicate the area of injury. 

Radiographic Examination 

Radiographs of the thumb are obtained with a special palm-up metacarpal­
carpal joint AP view, if indicated, to delineate a fracture at that joint as being 
either of the Bennett's or Rolando's type. 

Stress radiographs of an injured MCP joint to determine the extent of in­
stability must usually be carried out after a local anesthetic block. This study 
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A 

B~ 
FIG. 14·11 A and 8. Gamekeeper's thumb and the Stener lesion. 

might possibly create a StcDu lesion ami should not be doue in the pteSCIWC or 
a ncmdisplaced comer fradure. Stressing of the MCP joint with an ulnar open­
ing or 10 to lS de~ gmlla' tbm at 1bc llllaffected side is indicative or an ul­
nar collateml avulsion. 

Initial MQIIQ8ement 

Tbc .iDitial management is typically a well-paddecllhumb spica splint applied 
along the radial aspect of the forearm to the tip of the thumb. 

DefiDltive Maugemeat 

The Bamett's fradure is reduced closed UDder :fluoroscopy with longitudi­
nal traction. abduction. and prolllllion. Finger-trap traction facilitates the pro· 
cedure. The reduction is stabilized with percutaneous pins. The first 
metacarpal is pilllled with multiple K wires to the carpus. the second 
metacarpal, or both. It is not necessary to traDsfix the small volar fragment 
as long as reduction is majmojned. Fragments compriaiDg more than 3~ of 
the arti.cular surface are reduced and pinDed to ensure mainteDance of reduc­
tion of the articular surl'~. Open reduction may be necessary to achieve a 
satisfactory result. This is accomplished through an angled incision at the 
base of the thumb that elevas the thenar musculature from the CMC joint. 
Postoperatively, the hand is placed in a dmmb spica splint from 1be IP joint to 
the proximal forearm for 4 weeks. The pins are removed a week later, as re­
habilitation progresses. 

The Rolaado's fracture is mhwed open lhrough a hoclccy-stick incision of 
the volar side of the MCP joint. Tbc fracture is reduced and a miDi-T plate or 
Kirschner wires are used to stabilize the fragmenta. Severely comminuted 
Rolando's fractures may not be amenable to open reduction. RedDction widl 
traction. percutaneous pinning of the mctacupal shaft (ie., distal fragment) 
through lhe proldmal fragment to lhe carpus or to lhe secoDd metacarpal, and 
application of a m.iJii.-.extema fixator (with pins in dle distal fint metacaJpal 
and ttapezium) can maintain length and an appmldmafe reduction (Fig. 14-12). 
Postoperatively. the haDd is splinted from the IP joint to proximal foreann for 
4weeks. 
~ fnlctun!s of the 6nt llleblcalptll are IIWillgecl with closed 

reduction and casting for 4 to S weeks. Reduction is obtained by l.oDgiCudinal 
tiaction and pronation of the distal fragment. Casting can be curled out in 
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FIG. 14·12 A to D. Comminuted intraarticular fracture of the base of the 
thumb metacarpal (Rolando's fracture), treated with reduction with finger-trap 
traction, percutaneous K-wire fixation, and static external fixator traction. 

finger-trap tmdion, but when traction is released, the fracture tends to coll.aple. 
DiligeD1 ndiogmpbic follow-up is importaDt. Fifteen depes of mgulation is 
acceptable. Oc:caaionally pen:utaneoull pinning or open reduction and inter­
oal fixation IR needed. 

Gamebepu's thumh is IDllllllged with open repair of the ulnar collateral 
ligament llld volar capsule through an ulnar iD.ciaim. The ligament is~ 
or bony avulsi0111 are reduced and llt8bilized. This is uually accomplished with 
a CnDsosseus suture (pull-out I!UtuR) tied over a button on the side opposite 
the injmy, Kir&cbner wires, or a figure-of-eight tlmion-bami wire (passed un­
der the ligamadous attachmeut to the avulsed fragment and tbrough a tmDs­
verae drill hole just diltal to the f:racture). Supplemmtal. K-wire fiDdon of the 
MCP joint is recommeDded for purely 110ft tissue repairs. Postoperatively, the 
hand is plac:ecl in a thumb spica splint for 4 weeks for bony avulsions and 
6 weeks for ligamentous repairs. 

Complkatloas 

The most common complkation ofBCIIIlCtt' sand Rolando's fractmes is MCC 
joint ardlritis. This can be managed conservatively with nonsteroidal anti­
intlammatmy drugs and local steroid injections. If tbeae measures fail, the 
joint is arthrodesed.. The most common complication of gamekeeper's dlumb 
is chroDic iDstabilily of the MCP joint due to delay in presentation or 1'lli11R of 
the repair. It is .managed with ligamentous reconstruction with a tmdon graft 
or MCP joiat arthrode&is. 
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15 Fractures and Dislocations 
of the Spine 
Gbolalum 0. Okubadejo Brett A Taglor 
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Spinal trauma includes injuries occurring in the axial skeleton from the oc­
cipitocervical junction to the coccyx. The anatomic classification of spinal 
trauma is organized into upper cervical, subaxial cervical, thoracic, lumbar, 
and sacral. The pathophysiology of spinal trauma and the initial assessment 
of a suspected spinal injury are similar for all patients. 

When a patient with a spinal injury is being examined, the key questions are 
as follows: What is the mechanism of injury? Are there other injuries, includ­
ing life-threatening ones 'l What are the injured anatomic structures of the 
spine? Is there actual or impending neurologic damage? Can the spine function 
as a weight-bearing column? What is the best treatment method (operative or 
nonoperative) for the particular fracture? The most important decision initially 
is whether definitive management should be operative or nonoperative. 

ANATOMY 

The function of the spine as a support column is broken down into the four 
anatomic segments: cervical, thoracic, lumbar, and sacrococcygeal. Normally, 
these segments align in a linear fashion in the coronal or frontal plane. How­
ever, in the sagittal plane, there are approximately 25 degrees of cervical lor­
dosis, 35 degrees of thoracic kyphosis, and approximately 50 degrees of lum­
bar lordosis, thereby allowing the skull to align directly over the midportion of 
the top of the sacrum. 

The cross-sectional anatomy of the spine is organized into three columns 
(Fig. 15-1). The anterior column consists of the anterior longitudinal liga­
ment, anterior half of the vertebral body, annulus fibrosus, and disc. The mid­
dle column consists of the posterior half of the vertebral body, annulus, disc, 
and posterior longitudinal ligament. The posterior column includes the facet 
joints, ligamentum flavum, posterior elements, and interconnecting ligaments. 

The three-column theoiy of the spine produces a basic classification system 
of spinal injuries. Thus, spinal injuries are classified into four different categories 
depending on the specific column(s) injured: compression fractures, burst frac.. 
tures, seat belt-type flexion-distraction injuries, and fracture-dislocations 
(Table 15-1). Compression fractures are characterized by failure of the ante­
rior column under compression, with intact middle and posterior columns. 
When the anterior and middle columns fail under axial loading forces, a burst 
fracture is produced. Distraction of the middle and posterior column produces 
a seat belt type of flexion-distraction injury. This is also known as a Chance 
fracture. Frac::ture-disloc::ations are characterized by involvement of all three 
columns in compression, distraction, rotation, and/or shear. 

Although the three-column theory of the spine provides an excellent model 
to describe the individual spinal segments injured, it is essential to determine 
the spine's overall structural stability. For example, compression injuries to 
the anterior and/or middle column may cause kyphosis. Because spinal injuries 
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FIG. 15-1 The three columns of the spine. 

I\lllult from a combilllllion of vlllious fon:es ~~elillg on the spilllll colUIIIIl­
including compression, distraction, axial load, rotation, torsion, or shear­
careful attention is paid to alignmeD1 in the coronal and sagittal planes to iden­
tify potential subluxation or dislocations of 1be spine. 

Osaeoas Anatomy 

The cerrical spine comprises the first seven vertebrae and connects 1be slmll 
ro the thoracic spine. The cervical spine functions to protect the spinal cord 
and nerve roots while supporting the skull and allowing flexibility to position 
1he head. Approximately balf of neck flexion-extension OCClUII between the 
baBe of the skull and Cl. Similarly, half of the rotation of the head on the DCCk 
OCCIUll at the Cl-C2 articulaJ:i.on. The remaining motions of:ftexion, extension, 
rotation, and side bending occur between the C2 and Tl articulations. 

The atlas (Cl) awl the axis (C2) diffc:r IDlllklldly in sUucture from 1be lower 
five cervical vertebrae (C3 through C7). The atlas is unique among vertebrae 
in that it bas no vertebral body but rather a thiclt anterior an:h with two bulky 
laieial. maases amd a thin posterior an:h. The axis has the odontoid proce33 or 
dena, which is the fused remnant of the body of the first cervical vermbra. The 
odCIIloid process sitll cephalad 011 the body of C2 and m1ts just polk:l:ior to 1he 
anterior arch of the atlas., wbere it is beld tigbtly by ligaments. The remaining 
lower cervical vertebrae (C3 through c::J) have small vertebral bodies that are 
c011vex on the superior surface and concave 011 the inferior surface. Arising 
anterolatenilly from the bodies are tmnsverse processes lbaJ: have both anmrior 
and posterior tubercles. The foramen 1Jansvmlllrium is located between the pos­
terior tubercle amd the lateral part of the vertebral body. The vertebral artery 
passes through this fommen, enmring B1 C6 and exiting at C2. The exiting nerve 
roots pass jUBt polllerior to 1be vc:rtcbnlliiitelies at 1be level of 1he di»c space. 

Posterior to the vertebr:al fommina are the lateral masses comprising that por­
tion of bone between the superior and inferior facets. The lateral11188ses are im­
portant aoatomic sCnJctures fur 1be placement of limlWil in posterior plating pro­
cedures of 1he cervical spine. The cervical facet joints are orienmd more in a 
horizontal than a vertical plane. with the superior facet sitting anteriorro the in­
ferior facet of the level above. This allows for a great amount of :ftexi.on and ex-

TABLE 15-1 Classification of Spinal Injuries 

Type of injury 

I Compression fractures 
II Burst fractures 
Ill Aexion-distraction injuries 
IV Fracture-dislocations 

Anterior 

Yes 
Yes 
Yes/No 
Yes 

Columna lnlured 
Middle 

No 
Yes 
Yes 
Yes 

Posterior 

No 
No 
Yes 
Yes 
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tension of the neck but limits side bending. The remainder of the posterior ele­
ments of the cervical spine include the lamina and spinous processes, which are 
posterior and medial to the facet joints and lateral masses. 

There are 12 vertebrae of the thoracic spine. The differential features of tho­
racic vertebrae are the thin pedicles, which connect the vertebral bodies to the 
posterior elements; the transverse processes, which project superolaterally from 
the posterior part of the pedicle and are larger in size than the cervical trans­
verse processes; and the ventral surface of the transverse process, which has a 
costal articulation. The thoracic spine is a more rigid column than the cervical 
or lumbar spine because of the rib cage. All in the cervical spine, the facets of the 
thoracic spine are oriented in the coronal plane, with the superior facet ante­
rior to the inferior facet. At the thoracolumbar junction, the facet joints change 
gradually from a coronal to a more sagittal orientation. 

The vertebrae of the lumbar spine are larger than the cervical or thoracic 
vertebrae. The pedicles are wider and broader, and they are usually able to 
accept bone screws. The facet joints are oriented sagittally, with the inferior 
facet of the segment above medial to the superior facet of the segment below. 
The transverse processes project straight laterally from the superior facets 
and are quite large. The posterior elements (lamina and spinous processes) 
are also larger in the lumbar spine. 

The sacrum and coccyx are normally fused and attach the axial skeleton 
to the pelvis by sacroiliac articulation, the sacrotuberous ligaments, and 
sacrospinous ligaments. 

Ligamentous Anatomy 

The ligaments of the spinal column support the osseous structures. We dis­
tinguish between those supporting the anterior and middle columns and those 
stabilizing the posterior column. The stabilizers of the anterior and middle 
columns are the anterior longitudinal ligament and the posterior longitu­
dinal ligament. These ligaments extend the entire length of the spine and in­
sert on the vertebral bodies. They are the major stabilizers of the vertebral bod­
ies and discs during flexion and extension. The anterior longitudinal ligament 
is closely attached to the intervertebral disc and has a ribbon-lik:e structure. 
The posterior longitudinal ligament is widest in the upper cervical spine and 
narrows as it proceeds caudally. It thins over the vertebral bodies and thickens 
over the intervertebral discs. 

The ligamentous structures stabilizing the posterior colwnn include the 
supraspinous ligament, the interspinous ligament, the facet joint capsule, 
and the ligamentum :llavum. The ligamentum flavum runs from the superior 
margin of the caudad lamina to the ventral surface of the cephalad lamina. 
There are right and left ligaments separated by a small fissure that merges with 
the interspinous ligaments posteriorly and medially and with the fibrous facet 
capsules laterally. The posterior ligamentous structures are stabilizers during 
flexion. 

The ligamentous structures of the upper cervical spine are unique. The 
odontoid process is held snugly against the posterior wall of the anterior arch 
of the atlas by the transverse ligament. Additional stability is afforded by 
the apieul6gament and the paired alar ligaments, wbieb run superiorly from 
the odontoid process to the anterior rim of the foramen magnum. This allows 
rotation of Cl on C2 but prevents posterior translation of the dens within the 
ring of the atlas, which would place the spinal cord at risk. 



15 FRACTURES AND DISLOCATIONS OF THE SPINE 219 

The intervertebral discs are complex structures made up of an outer an­
nulus :fibrosus and an inner nucleus pulposus. The annulus fi.brosus is a lam­
inated structure consisting of collagen fibers that are oriented 30 degrees from 
horizontal. The inner layers are attached to the cartilaginous endplates, 
whereas the outer fibers are firmly secured to the osseous vertebral bodies. The 
annulus surrounds and contains the nucleus pulposus, a matrix of protein, 
glycosaminoglycans, and water. Injury to the intervertebral disc may not be 
obvious on conventional radiography, but it must be considered in evaluating 
overall spinal stability and potential neurologic compromise. Magnetic reso­
nance imaging (MRI) allows direct visualization of the intervertebral disc. 

BIOMECHANICS 

In the sagittal projection, the spine is made up of three smooth curves, pro­
ducing cervical lordosis, thoracic kyphosis, and lumbar lordosis, with a smooth 
transition between them. The center of gravity passes anterior to the midtho­
racic spine and just posterior to the midlumbar spine before intersecting the 
top portion of the sacrum. This implies that most of the spinal column expe­
riences compressive forces anteriorly through the vertebral bodies and tensile 
forces through the posterior elements and ligaments. 

The distribution of materials and their properties matches the function of the 
spine. The vertebral bodies are well equipped for handling compressive loads. 
A vertebral body consists mainly of trabecular bone, which is the primary 
weight-bearing component of the vertebral body in compression. Removal of 
a vertebral body's cortex reduces its strength by only 10%. The marrow con­
tents of the vertebral body act as a hydraulic system when compressed. This 
viscoelastic property allows the vertebral body to absorb more energy. 

Posteriorly, the major stabilizers of the spine are the ligamentous struc­
tures of the posterior column. These are predominantly made of collagen and 
are very strong when loaded in tension. 

The intervertebral discs are important to the structural stability of the spine. 
The inner layers of the annulus and the nucleus transmit loads from vertebra to 
vertebra. With significant force application, the annular fibers fail, which can 
result in segmental instability and traumatic disc herniations. 

The rib cage stabilizes the thoracic spine. This increased stability creates 
stress risers at the junction of the more mobile cervical spine above and lumbar 
spine below. 

The criteria for determining traumatic spinal instability are controversial. 
The three-column concept of spinal anatomy provides a framework in which 
to consider specific anatomic areas of injury. Thus, when only one column is 
injured, the spine is usually stable. When two or three columns are injured, it 
is usually unstable (i.e., unable to function adequately as a support column and 
to protect the neural elements). This definition is applicable both acutely and 
chronically. Thus, in many situations, the question of spinal stability is unclear 
and rests on the interpretation of pertinent radiographs, the neurologic exam­
ination, and sound clinical judgment. It is, however, critical to identify clear 
instability quickly, as this will play a direct role in determining the treatment 
path undertaken. 

Neurologic Injuries 

Based on the anatomic location of the spinal injury, there are three categories 
of neurologic injury: those of the spinal cord, conus medullaris, and cauda 
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TABLE 15-2 Neurologic Examination of the Upoer Extremity 

Root Motor Sensory Reflex 

C4 Diaphragm Top of shoulder 
cs Elbow flexion (biceps) Lateral arm Biceps 
C6 Wrist extensors Lateral forearm, Brachioradialis 

(ECRLJECRB) thumb/index 
finger 

C7 Elbow extension (triceps) Middle finger Triceps 
CB Finger flexors (FOP) Medial forearm, 

ring/little finger 
T1 Posterior shoulder 

equina. Injuries to the cervical and thoracic spine may directly affect the spinal 
cord or nerve roots (Table 15-2). The distal spinal cord is termed the conus 
medullaris and usually lies at the thoracolumbar junction at the pedicle level 
of L 1. The sacral nuclei. which control bowel and bladder function, are located 
in the conus. The cauda equina consists of all lumbar and sacral roots below 
the conus (usually L2 and below). Injuries to the cauda equina are peripheral 
nerve root injuries; they have a better prognosis for return of function than do 
spinal cord or conus injuries. 

Spinal cord injuries in the cervical or thoracic spine are designated as 
complete or incomplete. Complete lesions are characterized by total loss of 
motor, sensory, and reflex function below the level of injury. These injuries re­
sult in quadriplegia in the upper cervical spine and paraplegia in the thoracic 
spine. Complete spinal cord injuries of the cervical spine are described by 
the lowest level of cervical root function. This has implications for the pa­
tient's functional independence. A C3 quadriplegic is ventilator-dependent 
and without any function of the upper or lower extremities. Patients with C6 
or below quadriplegia function independently. 

Complete spinal cord injuries in the thoracic spine produce paraplegia. The 
location of the lesion is irrelevant to the functional outcome because the seg­
mental thoracic nerve roots supply sensation only to the thorax and innerva­
tion to the intercostal muscles. However, a proximal thoracic paraplegic vs. a 
distal thoracic paraplegic is at increased risk for respiratory problems because 
of increased intercostal paralysis. 

Incomplete spinal coni injuriea are categorized into four types, based on the 
cross-sectional location of the injury in the spinal cord These syndromes are an­
terior cord, posterior cord, central coni, and Brown-Sequanl syndrome. In the 
anterior cord syndrome, the injury is to the anterior spinal cord, which con­
tains the corticospinal motor tracts. This results in motor paralysis with preser­
vation of deep pressure sensation and proprioception due to the intact posterior 
columns. The posterior cord syndrome is rare and results from damage to the 
posterior columns. This results in loss of proprioception and deep pressure sen­
sation but in the maintenance of motor function due to the intact anterior motor 
columns. Cenll'al cord syndrome results from damage to the central gray mat­
ter and centrally oriented white matter tracts. In the cervical spine, the centrally 
oriented white matter tracts provide motor innervation to the upper extremities. 
As a result, the upper extremities will be more involved than the lower. In the 
thoracic region, a central cord injury affects the proximal musculature of the 
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lower extremities more than the distal. In Brown-Siquard syndrome, half the 
cord is damaged in the coronal projection. Thus, there is ipsilateral motor paral­
ysis, loss of position sense, and contralateral loss of pain and temperature sen­
sation because the motor tracts and posterior columns decussate in the brain­
stem, whereas the sensory tracts decussate one to two levels above where they 
enter the spinal cord Frequently, there is overlap between these syndromes. 

The second group of neurologic injuries involves the conus medullaris. 
These injuries occur with trauma to the thoracolumbar junction and frequently 
involve elements of the lower spinal cord and cauda equina. Injuries at this level 
are very difficult to diagnose accurately in the acute setting, especially in the 
face of spinal shock. Because the conus medullaris usually ends at the level of 
the Ll pedicle, spinal injuries at this level may damage the upper motor neurons 
of the sacral cord or the lower motor neurons to the sacral or lumbar roots, 
which have already exited the spinal cord Thus, it is not unusual to regain mo­
tor strength in the lower extremities, which are innervated by lumbar nerves, but 
yet continue to have absent bowel and bladder function because of a conus in­
jury that has damaged sacral nerve root innervation to the bowel and bladder. 

Cauda equina injuries occur with fractures or dislocations of the L2level 
and below. The neurologic deficit may range from a single nerve root injury to 
a cauda equina syndrome, in which there is marked weakness of the lower 
extremities and involvement of the nerve roots supplying the bowel and bladder. 

The decrease in spinal canal cross-sectional area following fracture or dis­
location does not always correlate with the severity of neurologic injury or the 
prognosis for recovery, because the size of the canal and the presence of bone 
or disc material within it only reflect the final resting place of these fragments, 
not the magnitude of energy absorbed, the maximum displacement, or the 
trajectory of the displaced fragments. However, residual spinal canal com­
promise of greater than 50% or absolute spinal canal dimensions less than 10 
to 13 mm indicate acute or impending neurologic dysfunction. 

Decompression of the spinal canal in complete spinal cord injuries does 
little or nothing to improve neurologic outcome. Surgical decompression is 
recommended for incomplete spinal cord, conus, or cauda equina lesions. Sig­
nificant improvement in neurologic outcome is possible, especially with cauda 
equina Qower motor neuron) lesions. 

The incidence of penetrating spinal trauma from gunshot wounds is in­
creasing. Rarely is the spinal column rendered unstable from a gunshot wound; 
however, neurologic injury is frequent. Cervical and thoracic-level injuries of­
ten produce quadriplegia or paraplegia, respectively. Similarly, injury to the 
cauda equina occurs with lumbar gunshot wounds. Most of the neural damage 
is secondary to the transference of kinetic energy to the neural tissues. Surgi­
cal removal of a bullet is rarely indicated except in an incomplete spinal cord or 
cauda equina lesion with a space-occupying fragment of bone or bullet identi­
fied. Because of the heat generated, these bullet wounds have a low infection 
rate except when they have traversed the colon prior to entering the spinal col­
umn. If the bullet is lodged in the spinal column or canal, this is one indica­
tion for its elective removal. 

Diagnosis and IDiUal Management 

The diagnosis and initial management of patients with spinal fractures and dis­
locations depend to a great degree on the area of the spine involved. Never­
theless, there are commonalities. 
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Patients with spinal injuries may have additional life-threatening injuries; 
therefore, initial priorities are to secure an airway, provide ventilation, and 
achieve hemodynamic stabilization. 

Precautions for the stabilization of the entire spinal column begin at the 
accident site. Patients with a history of trauma to the head, neck, or back or 
conscious patients who report any neurologic symptoms are immobilized in 
a cervical collar with complete head and neck immobilization on a spine board 
until an appropriate evaluation can be performed. A history of the mecha­
nism of injury and a detailed report of any neck or back pain and motor or sen­
sory changes in the extremities are essential. Unconscious patients with ma­
jor trauma are a more difficult challenge, and suspicion must remain high until 
a thorough examination for potential spinal injury is performed. 

A thorough neurologic examination is performed as soon as possible. Neu­
rologic examinations include a complete assessment of motor, sensory, and 
reflex function for both upper and lower extremities. Perianal sensation and a 
rectal examination are critical to determine the function of the sacral roots and 
sacral cord. Sacral sensory sparing or any trace of distal motor function implies 
possible return of function. Also, spinal shock for the first 24 to 48 h may have 
the appearance of a complete spinal cord injury in patients who will later be 
found to have sensory and motor function. The resolution of spinal shock is 
indicated by the return of the bulbocavemosus reflex. This is tested while a 
digital rectal examination is being perlormed. Pulling on the Foley catheter will 
result in contraction of the anal sphincter when the bulbocavernosus reflex is 
present. When the bulbocavernosus reflex returns in the face of a complete 
spinal cord injury, the chances are that the neurologic deficit will be permanent. 

Radiognopbic Examination 

Screening radiographs include anteroposterior and lateral views. In the setting 
of definite spinal injury, the entire spine should be viswilized by plain radiog­
raphy. On the lateral radiograph. one should examine the height of all the ver­
tebral bodies and the intervening disc spaces. These heights should be fairly 
uniform and symmetrical. When the height of a vertebral body is decreased, 
an angular deformity (i.e., kyphosis) is produced on the lateral radiograph. 
The anterior and posterior vertebral body lines should align throughout the 
whole spine. With injury to the middle column (posterior vertebral body), 
retropulsion of bone into the spinal canal may be evident on the lateral view. 
The lateral radiograph also will show the posterior elements, including the 
facets, laminae, and spinous processes. A widened distance between the inter­
spinous processes is indicative of distraction injury to the posterior column. 

The anteroposterior radiograph of the spine is examined. Each vertebral 
body should sit directly on top of the one below, with symmetrical and evenly 
placed disc spaces between the bodies. The right and left borders of the verte­
bral bodies should be well aligned. The two round pedicular shadows of each 
vertebral body should be present and symmetrical. Widening of the interpedic­
ular distance at one level may be indicative of a middle-column burst-type in­
jury. Careful examination delineates the posterior elements of the spine. The 
posterior elements of a segment are somewhat distal to the corresponding ver­
tebral body. The shadow of a spinous process is usually visible, allowing for 
comparison of the distance between spinous processes at each level. The trans­
verse processes at each level are examined for fracture, as are the ribs in the 
thoracic spine. the sacrum, sacroiliac articulations. and iliac wings of the pelvis. 
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It is very important in patients with spinal trauma to not miss additional spinal 
injuries. Up to 10% of patients with spinal trauma at one site will have another 
injury to the spinal column at an adjoining or distant site. This is especially im­
portant in cervical or thoracic spine-injured patients who may have spinal cord 
injuries resulting in sensory loss to more distal areas of their thoracic and lum­
bar spine, addiog to the clifficulty of diagnosis of injuries in these areas. 

In considering what further imaging one should obtain, it is generally ac­
cepted tiJat a computed tomography (Cl) scao should be pert'ormed wheo booe 
injury has been diagnosed. MRl is more controversial. Such scans in patients 
with neurologic deficits may further clarify injuries to the spinal cord, conus 
medullaris, or cauda equina. This modality also helps to identify hemorrhage 
or epidural hematoma. Finally, MRI can be useful in identifying a ligamen­
tous lesion that has not been clearly demonstrated with x-rays and cr. 

Initial Management 

All patients are kept supine on a well-cushioned mattress and are log-rolled 
every 2 h to decrease pressure on sensitive areas. Antiembolism stockings 
are used to prevent deep vein thrombosis. Cardiac status and oxygen saturation 
are monitored continuously. A nasogastric tube is placed for the accompany­
ing gastrointestinal ileus. A Foley catheter allows accurate determination of 
urine output and simplifies nursing care. Intravenous fluids maintain an ade­
quate fluid volume. Complete blood counts are obtained at presentation and 
then several times in the early postinjury period. Intravenous pain medications 
are dictated by the patient's age, medical status, and amount of pain. RangfH>f­
motion exercises of uninjured extremities are begun early in the hospital course. 

The initial care of patients with cervical spine injury is somewhat differ­
ent. Such patients with spinal malalignment, regardless of neurologic status, 
are placed in skeletal-tong traction. We use graphite Gardner-Wells tongs, 
which are MRI-compatible. They are placed one finger breadth above the ear­
lobe in line with the exremal auditory canal. The skull bol1S are finger-tighbmed 
until the pressure valve is released in the center of the bolt, indicating adequate 
force. The tongs are applied in the emergency room when spinal malalignment 
is identified Approximately Sib per level of injury is slowly added to the trac­
tion apparatus under close neurologic and radiographic surveillance. Thus, a 
patient with a C4-C5 facet dislocation may require 25 lb of traction or more 
to reduce the malalignment. It is not uncommon to require anywhere from 
50 to 100 lb of traction for dislocations of the lower cervical spine to accomplish 
reduction in large adults. Once reduction is achieved, a load of 10 to 15lb is 
sufficient to maintain reduction. A lateral of the cervical spine radiograph en­
sures maintenance of proper alignment and should be repeated frequently, 
especially after returning from tests that require mobilization of the patient. 

The pharmacologic treabnent of acute spinal cord injury is administration 
of steroids in an attempt to diminish edema around the neural elements fol­
lowing injury. Such medication should be given to all cervical spine-injured 
patients with any neurologic deficit, patients with injuries to the thoracic spine 
and incomplete paraplegia, those with incomplete cauda equina lesions with 
neurologic deterioration, and patients who cannot immediately be taken to 
surgery. Methylprednisolone 30 mglkg is administered as a loading dose in­
travenously over 1 h. A continuous intravenous drip of methylprednisolone 
at a dose of 5.4 mglkglh is continued for 24 h for patients who present within 
3 h of injury. Patients presenting between 3 and 8 h after injury receive 
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methylprednisolone for 48 h. No clear benefit from the use of steroids has been 
established for patients presenting 8 h or more following injury. Any neuro­
logic deterioration while on methylprednisolone merits reconsideration of its 
use. The risk of this high-dose steroid regimen is gastrointestinal hemorrhage; 
therefore all patients are protected with H2 antagonists such as cimetidine or 
ranitidine for a minimum of 72 h. 

Spinal injuries are divided into four groups based on the involved segment: 
upper cervical, subaxial cervical, thoracic and lumbar, and sacral. 

INJURIES OF THE UPPER CERVICAL SPINE (OCCIPUT TO C2) 

Classification 

Eight types of injuries of the upper cervical spine are encountered. The four 
most frequently seen are atlas fractures, atlantoaxial subluxations, odontoid 
fractures, and traumatic spondylolisthesis of the axis (C2 hangman's frac­
tures). The four less common injuries are occipital condylar fractures, at­
lantooccipital dislocations, atlantoaxial rotary subluxations, and fractures of 
the C2lateral mass. 

Atlas fractures result from impaction of the occipital condyles on the arch 
of Cl. This causes single or multiple fractures of the ring of Cl, which usu­
ally splays apart and thus increases the space for the spinal cord; therefore 
neurologic injury is rare in such cases. There are four types of atlas fractures. 
The first two are stable injuries: isolated fractures of the anterior or posterior 
arch. Anterior arch fractures are usually avulsion injuries from the anterior 
portion of the ring. These injuries commonly occur with flexion and com­
pression. Posterior arch fractures result from hyperextension, with compres­
sion of the posterior arch of Cl between the occiput and C2. The third type 
of atlas fracture is a lateral mass fracture. The fracture lines run anterior and 
posterior to the articular surface of the Cllateral mass, with asymmetrical dis­
placement of the lateral mass from the remainder of the vertebrae. Tiris is best 
seen on an open-mouth odontoid view of the Cl-C2 complex. The fourth 
type, burst fractures of the atlas (or Jefferson's fracture) classically has four 
fractures in the ring of C I : two in the anterior portion and two in the poste­
rior ring. Potential instability of these fractures is best identified by examining 
the overhang of the Cllateral masses on the C2 articular facets, as noted on 
the open-mouth odontoid view. Total lateral displacement on both sides of 
more than 6.9 mm indicates rupture of the transverse ligament with resultant 
atlantoaxial instability. 

Atlantoaxial subluxation is secondary to rupture of the primary stabi­
lizer of the atlantoaxial articulation, the transverse ligament. This produces 
atlantoaxial instability, which may place the spinal cord at risk. Thus poten­
tial complications from this injury include neurologic injury resulting from 
the odontoid compressing the upper cervical cord against the posterior arch 
ofCI. 

Identification of odontoid process fractnres requires a high index of sus­
picion. Such must be ruled out in all patients with neck pain following a 
motor-vehicle accident and elderly patients involved in trivial trauma to the 
head and neck region. If there is significant anterior or, more commonly, pos­
terior displacement of the odontoid process, spinal cord injury may result. The 
incidence of neurologic injury in such cases is approximately 10%. Odontoid 
fractures are further classified into three types, based on the anatomic level at 
which they occur (Fig. 15-2). 



11 I'IWmiRiiii.AtcDIILOCA110H80FTIE8PINE 225 

FIG. 15-2 The three types of odontoid fractures. 

Type I frac::tums repmieDlm avulsion frac::tum from 1he tip of 1be odontoid 
process, where the alar ligament inserts. 

1)pe n fractures are 1he most commOD type of ociODtoid fnK:tuie md oc­
cur in the midportion of the dens proximal to die body of the axis. The lim.­
imd blood supply and small cro~~s-sectional caDI.lCllous surface amt lead to a 
high incidence of nonunion. Other risk factors for nonunion are angulation, 
anterior or posterior disphwemmt of mon: tball. 4 mm, and patimt age greata­
than 40 years. 

1)pe m injuries are diose in wbi(:h die trac:t.R line emnds mw 1he ver­
tebral body of C2. Because of the larger croa~sectional area and the pres­
ence of cam:ellous bone with a ri.c;h blood supply, these type m fractun:s 
consiatendy unite if they are adequately aligned (Fig. tS-3). 

Traumatk 1J0Ddylolisthe8l of tbe Dis, or haqmu's fracture. is a bi­
pedicle frac:tnre with dismption of the disc and ligaments between C2 and 
C3, IeSUlq most commonly from hypm:xtalaionmd distraction. This frac::­
ture is named for die injury :resulting from judicial hanging with a rope in the 
submental poai1ion. 

Hmgman'a fractnrea are further cla88ified based on the amount of dis­
placement md aqulation of 1he C2 body in mation to the posterior eJem&mts 
(Fig. 1S4A to D). 

1)pe I injury is a~ of the ncunl m:h without mgu]ation md wi1h 
u much u 3 mm of anterior displacement of C2 on C3. 

Type n fractures have anterior displacemmt gmlter than 3 mm. or aogu]a­
tion of C2 on C3. These f'ractures usually result from hyperextension and ax­
ialload followed by severe fl.eJdoa, which slletclles the posterior annulus ud 
d.iac and produces 1be anterior traoslation aod anplation. 

Type IIA injuries are a ftexion-d.istraction variant of type n fractures. They 
demonstrate severe aDgulation of C2 on C3, with minimal diaplacement, 

FIG. 15-3 An open-mouth view Indicating a type Ill odontoid fracture. 
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FIG.15·4 Hangman's fracture types: A. Type I. B. Type II. C. Type I Ia. 
D. Type Ill. 

appam~tly IDDgiDg on the antaior kmgitudinalligammt. It is impoitaDt to~ 
ognize this type of hangman's fracture because the application of traction may 
dis1Dct 1hc C2-C3 disc 11pa1.1e md fuid1er displace the fnll.:ture. 

'l)pe m injuries are bipediclc fractures usociated with unilateral or bilat­
c:ral fuet dislocatimls. These are serious, umtable injuries and often have neu­
rologic sequelae. 

Fractures of the ocdpbal CODdyla msult from combined WallDadmg and 
lamral bending. There are two types: awlaian fractures or comminuted com­
ptessioll. fnll.:tures. 

AtlantGoc:dpltal dJ&Iocatl0111 are rare injuries resulting from total disrup­
tion of allligamadous siJuctlns between the occiput and the atlas. Tbe mech­
anism of injury is umaUy extension or flexion. Death is umall.y immediate due 
to severe braiDStem. involvemcm with comple1e ~pintmy mat 

Atl&t8alal rota!J sahlUDUoa oc:cun most often secondary to vehicular 
accideJda. Tbe main difiicu1ty is hK:k of early m:ogoiti.ou. 

Lab!nllllllll!lfractarel oftbe axis are lbe :result of combined Wal-loading 
and l.ataal.-beDdiDg forces. 

AsiOdatecllo,Jurlu 

Associated injuries include comptCBsion of the spinal COld or cervical nerve 
roots, head injuries. and other fractnres, particularly of the cervical spine. 
Fractures of the occipital condyles are lllllocialecl with severe head trauma and 
are accompaDied by cranial nerve palsies. Fifty percent of patie!d!l widl a frac­
tuR of the postaior ani1 oftbe atla& have aoolhcr cervical spine iqjmy,lhe most 
common being a traumatic spondylolisthesis of the uis or a displ.aood odon­
toid fJ:acturc. A high index of suspicion and caieful physical.md radiographic 
euminations constitute the best method of finding associated injuries. 
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Dlagno&fa aadlaltlal.Maaagemnt 
Physical E%tuniMtioll 

As should alwtlys be common practiu, die primary survey is the first step prior 
to assesaiDg for orthopedic injuries. ODI:C issues with ailway, bmdiJiDg. and 
circulation have been addreaaed, the focus may then tum to orthopedic and 
neurologic coDCCmS. 

The patient has pain localized to the neck, and there may be a feeling 
of instability or fixed defonnity. The initial assessment is pcrfOIIIlCd as 
described. 

Rlldiographic Examination 

Initially, a cross-table latenl radiograph is obtained for all patients with sus­
pected injuries of the cenica1 spine. 1his radiograph includes all seven cervi­
cal vertebrae and the C7-Tl junc1ioD. When this is not poaible due to the in· 
terpoaition of the shoulders in patients with short DeCks, the patient's arms 
are pulled down to lower die shoulders or one mn is extended above the head 
wbile keeping the other arm at the aide during the procedure (swimmer's 
view) (Fig. 15-S). 

Additional :required views include an anteroposterior view and an odon­
toid or open-mouth view, whk:h deWia the Cl-C2 mticulalion in the coronal 
plane (Fig. IS-3). Right or left oblique alld vohmtaty tlexion-exteDsioD views 
are obtained as indicated. 

Four lines are essential to examine on the lateral radiograph: the anterior 
vertebral body tine, the posterior vertebral body tine, the spinallamiaar line, 
and die line connecting the tips of the spinous processes. All of these land­
marta should align in a smoolh II1'C from Cl to Tl (Fig. IS-6). Any malalign· 
ment indicates polelltial vertebral subluxation or dislocation. 

The soft tissue shadows on the l.atcral. radiographs of the cenica1 spine r:qJ· 
resent the retropharyngeal and retrotracheal shadows. These soft tissue shad­
ows are expanded by the hematoma associated with injury of the cervical 
spine aDd may he the only indication of subtle injutH:s. The soft tissue shadow 
should be no more than 6 mm from the anterior aspect of C2 and no more 
than 2 em at the anterior edge of C6 (i.e., ''6 at 2 and 2 at 6"). 

Fractures of the occipital condyles are difficult to visualize on plain ra­
diographs aDd require uial CT for deliDcation. 

FIG. 15·5 Swimmer's view of cervical spine. 
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10mm 

15mm 

FIG. 15-6 Nonnal bony arcs and 150ft tissue shadows seen on the lateral view 
of the cervical spine: (A) anterior vertebral body line, (B) posterior vertebral 
body line. (C) laminar line. and (D) spinous process line. 

Atlantoou:ipital dissociation is identified on the lalmd Iadi.ogiaph of die 
cervical spine or lateral view of the skull. which profiles the atlantooc:cipital 
junction quite well. 'l1lae is clissoc:ialion between 1he base of the occiput arul 
the Cl arch arul severe soft tiuue swelling. 

Fmctures of the atlas are diaguosed on a lateral mdiognph of the cervic&l 
spine and/or an open-mouth odontoid view. The lateral radiograph demon­
sllates fracture lines within the posterior an::h of Cl. Tbe open-mouth view 
indicatea splaying of the laterallllllllses of Cl on the lll'lic:ular 81ll'lKe8 of the 
uis. ADal cr is helpful in the evaluation. 

Atlantoui&lsubluxation due to disruption of the transverse ligament is beat 
demonstrated on lateral :Dexion-extension views and is indicated by an. in­
crease in the atlantndental interval (ADI), wbich is normally leas than 3.S mm. 
This is measured from the posterior aspect of the anterior arch of Cl to 1he 
anterior aspect of the odontoid process (Fig. 1S-7A and B). Angulation greater 
than 11 degreea is also illdicative of instability. However, spum of the spinal 
extensor muscles accompanying an acute injury may prevent adequate vol­
untary flexion-elltension radiographs. Once this problem is recopized, an. 
uial cr scan is obtained to ascertain whetba instability is purely ligamentous 
or due to a bony avulsion. 

Radiographs following atlantoaxi&l rotary subluution are often reported 
u nOIDIIIl because it is difficult to obtain radiographs puallel to die phme of 
bolh Cl and C2 due to the accompanying tmticollis. Open-month radiographs 
often help m.JOgnize tis injury by demonstrating a "wink sign." This cx:curs 
because of the unilateral overlap of the lateral mass of Cl on C2. CI' ia help­
ful in describing the direction and rocation of Cl on C2. 

Odontoid fracturea are seen on radiographs of the lateral cervical spine or 
on an open-mouth view. Occasion&lly. three-dimensioDal cr reconstruction 
or conventional tomography may be neceasary to identify and fully evaluate 
these fracture&. Axial cr may miss the fracture lille, as it is in the plane of 
the axial image. 

Hangman's fracturea are seen on the lateral radiograph. I...atera1 mass frac­
tures with minimal comminution may require cr for identificalion. 

MRI may be obtained for patien1S with spinal oord or nerve root injuries arul 
also for evaluation of lhe intervertebral disca, ammlar structures, and poatmior 
ligaments. 
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ADI SAC 

Odontoid 

Posterior arch 
-Atlas 

FIG. 15-7 Atlantoaxial relations. A. Normal relation of the atlas and dens 
seen on the lateral view. 8. Atlantoaxial subluxation as indicated by an increase 
in the atlantodental interval (ADI). 

Initial Management 

Ocx:ipital condylar f'ractures are managed initially in a cervical orthosis. Frac­
tures of the occipital condyles are gencnlly stable injuries that can be treated 
with orthotic immobilization with a two-poster orthosis or a rigid Philadelphia 
collar. Most oftbeae fractures heal uneventfully. although occasiODally post­
traumatic artbritis occ:ms. r:equUing posterior atlantooccipital fusion. 

1'Joadba is C'GiltraiDdiaded following adalltooedpltal dlslocaUon. Even 
S lb may overdistract and s!mch the lmlinstem. with catutrophic :results. Ini­
tial treatment is application of a halo vest to maintain stability of the spine 
wbile attmtion is given to the patient•s respiratory and neurologic status. Once 
the patient is stabilized. a fuaioD from tbe posterior occiput to the upper cer­
vical spiDe is perfonncd. with continued immobilization in a halo vest for ap­
proximately 3 months. 

Initial management of type I. II. and m fractures of the atlas requires a rigid 
cervical mthosis.Iefferson•s fractnres are placed in tncti.cm. 

Atlantoaxial subluxation and atlantoaxial rotaiy subluxation are m.anaged 
initially with a cervical orthosis. 

Type I odontoid fractures a:re lllliDaged with a ccnical orthosis. Type D 
and m fradures are initially managed with cervical tong traction to reduce 
and/or maintain sagittal alignment. 

Type I hangman's fractnre is treated with a rigid cervical orthosis. Types 
D and IIA a:re managed with a halo vest. Type DA injuries should not be 
treated with traction, as this may canae overdistradion and subsequent neu­
rologic:: injury. The initial :management of type m fractu:rea is application of 
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traction to reduce the facet dislocation. Reduction by closed means may not be 
possible because of the dissociation between the vertebral body and the pos­
terior elements. 

DeJinltlve Management 

Definitive management of fractures of the atlas is based on the type of fracture. 
Type I and II fractures may be managed in a cervical orthosis in a compliant 
patient, whereas type ill injuries are managed with a halo vest. Type IV, or 
Jefferson's, fractures with a competent transverse ligament (less than 6.9-
mm displacement of the lateral masses) are stable and are also managed with 
a halo vest. Jefferson's fractures with an incompetent transverse ligament 
(more than 6.9-mm displacement) are unstable and managed with extended 
cervical traction to reduce the splaying until the bone fragments are sticky. 
This is necessary because the halo vest cannot provide the axial distraction 
necessary to maintain fracture reduction. After preliminary healing, applica­
tion of a halo vest for the remainder of the 3- to 4-month period allows com­
plete healing. When a Cl fracture is presumed healed, voluntary lateral flex­
ion-extension radiographs of the cervical spine are obtained to make sure that 
there is no significant atlantoaxial subluxation. H there is more than 3.5 mm of 
atlantoaxial subluxation in an adult, posterior Cl-C2 fusion is performed with 
or without transarti.cular Cl-C2 screw fixation. Fusion from the posterior oc­
ciput to C2 may also be performed. However, the range of motion of the neck 
would be compromised by this procedure. 

Atlantoaxial subluxation due to bony avulsion of the transverse ligament 
is managed with a halo vest for 3 months. Purely ligamentous injuries are 
managed with a Cl-C2 posterior fusion, possibly with Cl-C2 transarticular 
screws. 

Atlantoaxial rotary subluxation recognized within several weeks of injury is 
reduced with cervical traction. This may require up to 30 to 40 lb of traction to 
reduce the rotary dislocation. Often a ''pop" is heard and felt at reduction. A 
halo vest is applied. Even with prolonged use of a halo vest, long-term stabil­
ity may not be achieved because the Cl-C2 facet joint is a saddle-type joint 
and depends on ligamentous restraint for stability. 

Atlantoaxial arthrodesis is the treatment of choice for chronic instability and 
pain or for patients with an associated neurologic deficit For chronic injuries, 
closed reduction through cervical traction is not possible; they are managed 
with open reduction and Cl-C2 arthrodesis. 

Type I odontoid fractures are stable injuries that are managed with an or­
thosis for symptomatic comfort. However, the type I avulsion injury is often 
associated with atlantooccipita.l dislocations; therefore this more serious injury 
must be ruled out There are four types of definitive treatment for type II odon­
toid fractures: halo vest management of minimally displaced or angulated 
fractures followed by posterior Cl-C2 arthrodesis if healing does not occur 
within 4 months; primary posterior Cl-C2 arthrodesis as long as the poste­
rior arch of Cl is intact; posterior Cl-C2 transarticular facet screw fixation and 
fusion; and anterior screw fixation of the dens under biplanar fluoroscopy. The 
theoretical advantage of anterior screw fixation is that it does not require a Cl­
C2 fusion and thus preserves motion of the upper cervical spine. Provided that 
type m odontoid fractures are adequately reduced, halo vest immobilization 
for 3 months is the treatment of choice. When reduction is lost after halo vest 
placement, cervical traction for 3 to 4 weeks to allow early fracture healing be-
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fore continuing with the halo vest is required, or reduction by traction and pos­
terior Cl-C2 fusion may be performed. 

Type I hangman's fractures are stable injuries and are managed with a cer­
vical orthosis for 3 months in compliant patients. Type II fractures displaced 
less than 5 mm and minimally angulated are managed with a halo vest if re­
duction can be maintained. Fractures displaced more than 5 mm are managed 
in cervical tong traction, with slight extension prior to application of the halo 
vest, which will also need to be applied with neck extension. Traction is con­
traindicated for type ITA fractures. These fractures are managed with early 
halo application under fluoroscopic guidance and with compression across the 
fracture site for maintenance of reduction. Type m fractures are reduced open 
when closed reduction is not possible, and posterior spinal fusion of C2-C3 
is performed. Postoperatively, halo vest immobilization is maintained for 
3 months in these cases. 

Lateral mass fractures of the atlas are stable injuries that require only orthotic 
immobilization. Occasionally, with late symptomatic facet degeneration, some 
of these may require posterior fusion for pain relief. 

ComplicatloDJ 

The complication of high cervical fractures is bony or ligamentous instability. 
Management is posterior fusion of the unstable segments. Failure to identify 
an injury of the upper cervical spine is not an infrequent occurrence, espe­
cially in multiply traumatized patients. Fortunately, neurologic injury is rare in 
these instances because of the large amount of space available for the spinal 
cord in the upper cervical spine. 

INJURIES TO THE SUBAXIAL CERVICAL SPINE 

Although bone injuries are often the obvious manifestations of cervical spinal 
trauma, it is essential to accurately identify ligamentous components of injury 
to the subaxial cervical motion segments. It is often this ligamentous failure 
that permits translation of the cervical motion segment, leading to severe neu­
rologic damage. It is also well accepted that ligaments heal with scar tissue 
that is weaker than the preinjured ligamentous structure, potentially resulting 
in chronic instability. 

An important difference between injuries of the upper and subaxial cervical 
spine is the increased risk of cervical cord injuries in the lower cervical spine. 
This is a reflection of two factors: the overall diminished size of the spinal 
canal in the lower cervical spine and the increasing prevalence of injuries that 
narrow rather than expand the canal. Thus, the immediate and long-term goals 
for injuries in the lower cervical spine are to obtain and maintain spinal column 
alignment so as to optimize the environment for the spinal cord and existing 
nerve roots. 

Classification 

There are five types of injuries to the subaxial cervical spine: isolated poste­
rior element fractures, minor avulsion and compression fractures, vertebral 
body burst fractures, teardrop fractures, and facet injuries causing spinal 
malalignment. These injuries occur through several mechanisms as classified 
by Allen and colleagues: compressive flexion, vertical compression, distrac­
tive flexion, compressive extension, distractive extension, and lateral flexion. 
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Isolated posterior element fractures of the lamina, articular process, or 
spinous process may occur by a compression-extension sequence with im­
paction of the posterior elements on one another. Additional lesions include 
unilateral or bilateral laminar fractures and often contiguous posterior element 
fractures secondary to the impaction of the adjacent posterior elements. 

Minor avulsion and compression fractures of the subaxial cervical spine 
include anterior compression or avulsion injwies of the vertebral body and 
combined anterior and posterior bone injuries with minimal displacement and 
angulation. 

Vertebral-y burst fractures are usually the result of axial loading in­
juries with different amounts of flexion possible, as in diving accidents. They 
involve the anterior and the middle columns, with the potential for bony 
retropulsion into the spinal canal. 

Teardrop fractures of the subaxial cervical spine are a particular group 
of fractures with a high association of severe spinal cord injury and spinal in­
stability. These injuries occur when the neck is in a flexed position, with axial 
compression as the main loading force. The inferior tip of the proximal verte­
bral body is driven down into the caudad body by compression and flexion. 
This produces the typical teardrop fragment on the anteroinferior aspect of the 
affected body. The true significance of this injury lies in the three-column in­
stability pattern produced. The typical fracture line proceeds from superior to 
inferior and exits tlrrough the disc space, which is severely damaged. Dam­
age to posterior -element ligaments and bones is characteristic of the teardrop 
injury. This produces a grossly unstable injury of all three spinal columns in 
which the entire vertebral body is retropulsed into the spinal canal, causing 
either partial or complete spinal cord injury. 

Facet injuries are divided into fractures and ligamentous injuries. Both 
may allow segmental translation with subluxation or dislocation of the ver­
tebral segments. The primary mechanism of injury is a posterior distraction 
force applied to the already flexed spine. This produces a spectrum of injury 
ranging from an interspinous ligament sprain to complete posterior ligamen­
tous and facet joint failure, producing facet subluxation or dislocation. These 
injuries are further divided into unilateral and bilateral facet injuries. Thus, 
facet injuries are described as unilateral or bilateral facet fractures with or 
without subluxation, unilateral facet dislocations, perched facets, or bilat­
eral facet fractures. Unilateral facet fractures or dislocations display a variety 
of neurologic injuries, ranging from a normal examination to single-root 
deficits or spinal cord syndromes. The increasing spectrum of distraction 
and flexion injuries produces the perched facet injury. This occurs with bi­
lateral facet injuries causing perching of the inferior facet on the superior 
facet, with segmental kyphosis between the two affected vertebral body seg­
ments. Neurologic deficits are variable but most commonly include isolated 
root deficits. The most severe facet injury is bilateral facet dislocation. This 
is a purely ligamentous injury, with disruption of the entire posterior liga­
mentous complex, including the interspinous ligament, ligamentum flavum, 
both facet capsules, and, in severe cases, disruption of the posterior longitu­
dinal ligament and intervertebral disc. This injury produces the highest inci­
dence of neurologic deficit of any facet injury because of the loss of space 
available for the spinal cord as a result of vertebral translation (Fig. 15-8). 
The incidence of bilateral facet fractures associated with dislocations is ex­
tremely small. Both of these injuries predispose to rotational and translational 
instability. 
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FIG. 15-8 C5-C6 fracture-dislocation. A Anteroposterior radiograph. B. Lat­
eral radiograph. C. Lateral CT scan. D. MRI study. 

Dlagnolfa aadlaltial Maaagemeat 

PhysictJl E.rtuniNJtioll 

The primary sign of a subaxial. inury to the cerW:al spine may be the associ­
ated DCUrologic deficit. Other than neck pain and a sense of iDatability, there 
may be no symptoms indicating a fradnre without neurologic ddicit. Patients 
with 1lllilaleral fiK:et disloc:ation have a mild rotlllional. deformity of the neck: 
the bead is tilted and rotamd to the C0111:ral.aieral side of the facet dislocation. 

Rmliographic E.rtuniNJtioll 

A common. i.sol.aled posterior element fracture, the unilateral vertebral arch 
fracture, often is not evident on the initial lateral radiograph of the cervical 
spine. Oblique views ornonstandud views, such as a 2C)..degme oblique or pil­
larview, may be necessary to establish the diagnosis. When fradnreofbodlan 
ipsilat=al pedicle and J.amma occurs, the uticu1ar proc:e8S may rotate mto the 
froDtal plane and be viewed as a "transverse facet' on the anmroposterior ra­
diographic view. 

Vertebral body burst fractures mvolve the anterior and middle columns of 
the cenical spine. The lataal Jlldi.ograph Dldicates compteSsioll. of the antmor 
and middle columns, with retropulsion of the middle column posteriorly into 
the spiDal caaa1. Bunt fractures a1W8JS mtm an uia1 CI' cr MRI mnnination 
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to document the amount of middle-colwnn retropulsion. As anterior com­
pression approaches 50%, middle-column injuries or concomitant posterior 
ligamentous injuries must be considered. It is difficult to identify posterior lig­
amentous injuries in a patient with a burst fracture because voluntary flexion­
extension views are unobtainable. Warnings include a widened distance be­
tween interspinous processes, fractured posterior elements including facet 
fractures, or sagittal MRI evidence of ligamentous damage. 

Teardrop fractures are first suspected on the radiograph of the lateral cer­
vical spine, which will show retrodisplacement of the cephalad vertebral body 
on the caudad and, possibly, the anteroinferior teardrop fragment. Fractures of 
posterior elements may also be noted on the lateral or the anteroposterior ra­
diograph. CT or MRI through the involved segment also demonstrates the 
fractures and the diminished diameter of the spinal canal due to the significant 
retrolisthesis. 

Facet dislocations are identified on the ~a! radiograph. Unilateral dislo­
cations are characterized by approximately 25% anterior olisthesis of the 
cephalad vertebra on the caudad vertebra; bilateral dislocations have 50% an­
terior olisthesis. Axial CT further defines the injury. Perched facets are diag­
nosed on the lateral radiograph by the increased distance between the spinous 
processes. An obvious segmental kyphosis is also seen between the involved 
vertebral bodies and anterior translation of the cephalad vertebral body on 
the caudad body. 

Initial Management 

Initial management of isolated fractures of the posterior elements and minor 
avulsion and compression fractures calls for a cervical orthosis. 

Initial management of burst fractures with greater than 25% loss in height, 
retropulsion, or neurologic deficit involves cervical tong traction to stabilize 
the spinal segment and an attempt at indirect reduction of retropulsed frag­
ments via ligamentotaxis, thereby decompressing the neural canal. 

Initial management of teardrop fractures is the application of cervical 
tong traction to increase the spinal canal diameter by indirect reduction via 
ligamentotaxis. 

Initial management of unilateral or bilateral facet injuries causing any spinal 
subluxation or dislocations, perched facets, or bilateral facet dislocations is cer­
vical tong traction for reduction. The one caveat is that there is a small but sig­
nificant incidence of disc herniation accompanying bilateral facet dislocations. 
In these patients, there is the potential that a closed reduction maneuver will 
retropulse the injured disc into the spinal canal and cause further neurologic 
compromise. The disc herniation is best identified by MRI but is suspected 
when the disc space at the level of dislocation is markedly decreased in height 
on the lateral radiograph. Therefore, in patients with a nonnal neurologic ex­
amination, reduction is performed in an incremental fashion, with careful at­
tention to the sequence of neurologic examination and radiographic reduction. 

MRI provides the best imaging of the soft tissue, discs, and ligaments fol­
lowing spinal trauma (Fig 15-SD). Although timing for obtaining MRI is con­
troversial, many authors recommend first attempting closed reduction but 
stopping the reduction procedure for MRI if the patient's neurologic exam 
changes. This helps to rule out a herniated disc, which is present in up to 50% 
of patients after reduction. In an awake patient with a complete neurologic 
injury, reduction is attempted prior to obtaining an MR.I examination. In an 
awake patient with an incomplete neurologic deficit, reduction is attempted as 
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loug u tbe ueurologi.c examination doea not deteriorate. MRI or, al.tematively, 
cervical myelography may be performed if a patient's neurologic examination 
changes during the reduction maneuver. TleatmeDt of a traumatic disc herni­
ation associued with a facet dislocation is anterior di&c:ectomy ami fusion pre> 
ceding a ainglc-lcvel posterior ins1nJmcntation ami fusion. UDilatcral facet dis­
location is often difficult or impossible to reduce with pure longitudinal 
cervical aaction. These cases requiJe a manual reduction maneuver after ap­
plication of lhe appropriale am.ollllt of cervical traction. Manually turning the 
rotated head and chin towllld the ipsilatmll side of injury often produces a pal­
pable clllllk and feeling of reduction for the patient. This obviously must be 
done wi1h card'ul neurologic JDODitoriDg and radiographic comroL 'l'his re­
duction maneuver 1lllloc:ks the dislocated f!K:et and places it back into lhe nor­
mal position; that is, the superior facet sita anterior to the inferior facet. A 
prereduction MRI should be perl'onnccl to delmminc whether a ccmcomi.tllllt 
cenical disc hernialion is present. 

Alsodated lo.furlea 

Associamd injuries are identical to those of lhe upper cervical spine. 

DeUitive Muaganeat 

Opti0118 for definitive treatment of injuries to the subaxial. cervical spine in­
clude (1) orthotic .immobilization with a stemal-OQI.:ipita1.-.ID8Ddibular Dmllo­
bilizer (SOMI) (Fig. 1S-9.A); (2) halo vest immobilization (Fig. lS-9B); (3) 
posterior fusion and stabilization using wires, cables, clam.pa and/or sCiews 
and plates; (4) anterior approaches for decompression and strut-graft fusion 
widl or without plate and screw stabilization; and (5) a combination of these 
four trea1mmt modalities. The two primary con&ideralions for choosing a par­
ticular trealmeDt plan include !be presence of neural compression and actual or 
anticlpaled spinal ioatability. 

Traditionally, posterior stainless steel wire constnu::ts have provided ade­
quate stabilization for fusion in lhe subaxial cervical spine by uaing spinous 
processes 81J4/or fa.:et wiring teclmiques. Sublaminar wire teclmiques are not 

FIG. 15-9 A. SOMI orthosis. B. Halo vest. 
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recommended in the subaxial cervical spine following trawna because of the 
risk of iatrogenic neurologic injury. In addition, with the presence of injury 
to posterior bone elements, these wiring techniques may be impossible or must 
be extended to normal levels above and/or below the injury. Lateral mass plat­
ing techniques have been developed in an attempt to provide stabilization to 
areas with spinous process and laminar injuries but intact lateral masses. This 
is especially helpful if posterior bone elements are intact. This technique re­
quires screw placement into the lateral masses, which poses some risk of neu­
rologic and vascular complications associated with it; long-term results for 
this technique are not yet available. 

The halo vest is often a useful modality in the management of injuries to 
the bones of the subaxial cervical spine. As a general rule, the more osseous the 
injury (i.e., the less ligamentous), the more useful the halo vest ligamentous 
injuries will heal with scar tissue in a halo, and this scar tissue will not maintain 
long-term spinal stability. For single-level or multilevel bone injuries, the 
halo vest is often the optimal treatment device. However, halo vest manage­
ment poses the risk of many potential complications. The most commonly en­
countered complication is pin-tract infection, causing pin loosening. Thus, 
these patients must be followed closely when they are being treated on an 
outpatient basis. 

The majority of isolated fractures of posterior elements are stable and not 
associated with a major neurologic deficit (except for isolated cervical root 
deficits). These injuries are managed in a SOMI. Occasionally, with multiple 
injuries spanning several segments, a halo vest provides better control of 
alignment. 

Minor avulsion and compression fractures are managed in a cervical or­
thosis or halo vest 

The definitive management of cervical burst fractures is dependent on the 
loss of height of the vertebral body, retropulsion, neurologic status, kyphosis, 
and the presence of posterior-element injury. Fractures with less than 25% loss 
of height, minimal retropulsion, and kyphosis in a neurologically intact patient 
are managed in a halo vest for approximately 3 months. With increasing middle­
column retropulsion, there is an increased likelihood of spinal cord injury. 
These patients are candidates for anterior decompression via corpectomy and 
strut-graft stabilization. Hthe posterior ligaments are intact, stability is main­
tained with an anterior strut graft and halo vest for approximately 3 months. 
An alternative to provide additional stability is an anterior cervical plate at­
tached to the segments above and below the fractured vertebral body, thereby 
stabilizing the strut graft internally and possibly obviating the halo vest. In pa­
tients with vertebral body burst fractures and posterior ligamentous disruption, 
anterior strut grafting with anterior plate fixation cannot resist flexion forces; 
thus posterior stabilization is also necessary. 

Definitive management of teardrop fractures is based on the extent of dam­
age to bones, ligaments, and nerves. When there is significant compression of 
the spinal canal, anterior corpectomy of the retropulsed vertebral body is per­
formed with autogenous iliac crest strut grafting. Application of an anterior 
cervical plate is an option to further stabilize these segments. Because of the 
instability of the posterior column, either halo vest placement (for posterior 
bone injuries) or posterior instrumentation and fusion is performed. Some stud­
ies have found an increased incidence of long-term progressive kyphosis with 
the use of halo immobilization for unstable teardrop fractures. These authors 
would thus recommend anterior corpectomy and plating for such injuries. 
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Ullilatcral. facet fractmes wilhout subluxation In' .lllllllaged in a SOMI or­
thosis or halo vest for 3 mantba or until bone healing is DOted. The residual ro­
tatory instability of a facet fracture with subluxation may be uru:ontrolled in 
a halo vest; therefore these injuries may heal in a malunited rotated position, 
wbich ca11. exaceJbate a DaVe root deficit. For 1hoae injuries in wbic:h reduction 
caDDot be maintained with a halo vest.lllliDI.gelllC!t is anterior cervical dis­
cectomy and fusion with antaior cervical plating in addition to a halo vest to 
provide reduction and stability for posterior column healing. 

Wheu closedieductiOD of a facet dislocation is successful, the palieut's ~~e~~­
rologic status and overall medical condition are manitmed. When the patient 
is cousidemi neurologically and medically stable, sing~ level posterior in­
strumentation with fusion is performed. Posterior wiring teclmiques are the 
traditiomd JJ~Cthod of iDtenJal. stabilization. Posterolateral lllliSII plating tec:h­
ni.quell are also being used for iD.tcmalstabllization of these injuries. With bolh 
of these techniques, patients are kept out of a halo, which aids in both pul­
monary and psychological recovery. As an alternative, these patients may also 
be treeted with an anterior discectomy, fusion. and plating teclmique followed 
by a cervical orthosis after 3 montba. Bilateral facet fractures are llppfOIIChed 
aDterlorly because lhe involvement of the posterior column prechu:les posterior 
instnuDentation. Anterior c:erviad diacectomy and fusion with or without ante­
rior cervical plating is performed at the involved level (Fig. 15-10). Postoper­
ative treatment with a halo vest may be Decea&aty to immobilize the fractures 
of posterior elements. 

Complbtloas 

Complications of bunt frlK:tuics include progressive kyphosis with potential 
neurologic sequelae due to failure to diagnose a posterior ligamentous injury. 
In cases whem 1here is greater than SO% loss of height of a vertebra in a neu­
rologicall.y inw:t patient, voluotary flexion-extension radiographs after heal­
ing of the compression fracture are nec:essaey to rule out poll1erior lipmemous 
injury, wbic:h will result in chronic instability. Complications associamd wi1h 
the use of antmi.ar strut grafts .include anterior disl.odgment with esophageal 
compression. postaior dislodgment with potential spinal cord compression, 
and mabge or nommioll. of 1he strut graft. 

Complications of teardrop fractures revolve around the difficulty of stabi­
liziDg umecognized posterior ligamemous injuries. Management wilh anterior 

FIG. 15-10 Postoperative radiographic appearance of C5 carpectomy and 
tusron. A. Anteroposterior view. 8. Lateral view. 
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coapectomy aDd s1mt graft .in1hc face of posterior-column .injury has IeSulted 
in graft dislodgment, late kyphotic deformities. and the need for :reoperation 
even with postoperative halo vest treatment Anterior and posterior surgical 
approachea with intemal8tabiliza!ion via plares anteriorly and posteriorly ap· 
pear to stabilize these mjmiea :IIJlWma!Jy. 

Complications of cervical facet mjuries are the development of acute or 
cbroni.c instability. This is frequemly due to the inadequate 11atment of liga­
mentous mjuries m a halo, which will not produce long-term stability; failure 
to m:oguize a <lOilCOIDi.tmt disc hmliation m the }BIICIII.le of a facet subluxa­
tion or dislocation during the closed rednction maneuver, failw'e to anticipate 
rotational. imltability; aDd the use of mtenlpinous wiriug Ceclmi.quea that do 
not control rotalionat instabilities • .Acute and chronic cervical instability has 
been quantified to be }Bsent wben .JDOie tbm 3.5 mm of aegmadal111msl.atim 
or greater tbm 11 degrees of acgmental aogulation are pracnt. Patientll who 
have tis degree of instability, even if asymptomatic. should be considered for 
posterior instrllmelltation and fusion. 

INJURIES OF THE THORACIC AND L..-Alt SPINE 
Fracturea of the thoracic, thoracolumbar, and lumbar spine are classified 
into four galm11 categories: COJIIPR'SSion :liaduia, biiillt fmctures, flexi.cm.­
distrac:tion injuries (Chance fractures), and fradun>dislocations. 

The most common and beDiga of thcnW: and lumbar :fractun!8 are simple 
mmpraliaa tnduns. Theac typically are wedge-ahaped frllc:turc8 of a ver­
tebtal. body involving oaly the mterior colUDIIl (Fig. lS...llA). They occur~ 
trivial trauma in elderly patienta with osteoporosis or following more lignifi­
cam trauma in )'011D1er patients. They may be located in any pm of 1hc tho­
racic or lumbar spine, most frequently between Til and L2. One should have 
a high suspicion for the pieSeDce of bunt~ if i.DteJpedi.cullll' widcDiug 
ia aeen on an antmopoaterior radiograph. CT scan can help to diiJcrentiafe be­
tween the two by close inspection of the posterior vertebral column. Com­
pieSsion fi:actures can be unstable wben the posterior ligamentous structures 
are disrupted. This may allow prograaive vertebral wedging to occur, which 
would then manifest as increuiog kyphosis over the long term and could even­
tually lead to sipi&ant func:tioDal impairment or neurologic compromise. 

A B 

FIG. 15·11 A. Compression fracture of the lumbar spine. B. Burst fracture 
of the lumbar spine. 
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Bunt fraetura involve the anterior and middk cohmms with or without 
injury to die posterior column. The mechaniam of injury ill high-enerzy axial 
loading with slight flexion. The vertebral body literally eJqili)clea or "bursts," 
often resulting in retropulsion of the posterior vertebral body wall into the 
spjDa1. caua1 (Fig. lS-llB). The proposed med»miam is vmebral eudplatc fail­
ure, with elise tissue being driven into the veztebral body. 

Flalon-dlstraedoniDJarles (Chaac:etradura) are ~injuries 
with die fracture propagating through the posterior elementa and pedicle and 
exiting through the vertebral body (Fig. 1S-12A). These can also be com­
pletely ligamcntoWI injuricl, entaing through the posterior ligamenta and ex­
iting through the disc spa£:e, or combined injuries to boDes and ligaments 
(Fig. tS-128). Chance ti:adures often oc:cur during a head-on automobile col­
lision in which die patient is wearing a lap belt without concomitant use of a 
aboolder belt. The mec;banim of injury ill acute flexion of the tm10 on the seat 
belt. During impact, the upper part of the body is accelerated anteriorly ov« 
the seat belt, producing a distraction fcm:e posteriorly around a fixed fulc:rum 
just anterior to the abdomen. IDtraabdominal damage has been reported in 
4S~ of patients with this mfrllanjsm of injury. 

J.i'ractar.dlsloeaCiou are the result of sipifi.cant energy applied to the 
spine with a variety of fon:e&--inclnding 1lexion, distraction, extension, rota­
tion, shear, and axial-loading components--producing spinal malalignment 
(Fig. 15-13). These injuries always involve all three c:olumns of the spine and 
are ex11'emely Wl8table. They bave a marked propensity to cause profound 
neurologic injury. 

History and PhysiciJl EmmiMtion 

The neurologic examination ia critical in patient& with thoracic and lumbar 
spinal injuries, particularly so in those with but3t fractures. CliDically, patients 
may bave tenderness to palpation over the afl'ec:led posterior elements if these 
are also injured. 

The diagnosia of 1lexion~n spinal injuries .iocludes a high index of 
suspicion from the mechanism of injury, as IIOted previously. Often, these pa­
tients present to the emergency :room with a seat-belt type of abrasim over the 
anterior abdominal wall. A tend«, palpable gap may be presem in examining 
the back, indicative of the distJactecl spinous proccssea. The iDcideJwe of mru­
rologi£: complications in 1lellion-dis1D£:tion injlllies is low in patient& without 

A 

FIG. 15-12 A. Chance fracture of the lumbar spine. B. Dislocation of the 
lumbar spine. 
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FIG. 15·13 Fracture-dislocation of T11 on T12. 

an auoc:iatcd dialoc:ati.on. Patients with fm~ ofkm have multi­
system injuries due to the violent nature of 1he trauma. Oross spinal malalign­
mmt may be obvious in ~umjning the back. which may have a palpable step­
off' in the (ICliiCerior spinal contour. 

Rmliographic &ambJation 

The diagnosis of a CCliDJ'R'SSion fmc:tuie is DODIUllly :m.ade on routiDc later&l 
radiographs of the at'f'ec:mdregion oflhe spine. Typically, loss of anterior body 
height vs. postmor height is noted, dcpmcfing on the amoUDt of compression. 
seen. Axial CT can reliably document an intact postmor vertebral body wall, 
tllm:by collfiiming an intact middle column and thus verifying an anterior 
compression injury. 

The di&&nosis of biiillt fractum is made on dthc:r plain radiogmphll or cr. 
Radiognphic signs of a burst fractare include a widened inteJpedicular dis­
tam:e at the fnctme level on the anteroposterior projection, vertebral body 
compreuion with segmental kyphosis, and retropulsion of the posterior cortex 
of the vembral body on the latc:ml projection. The plain radiographs llle also 
eumined for subluxation or dislocmon in the coronal or aagiual. planes and 
for evidence of postaior-column iDjury (Fig. 15-14A 8Dd B). Axial cr demon· 
atrates a break in the posterior cortical wall, with different degrees of spinal 
caDal. compression from mropulsed bone (Fig 15-14C ad D). MRI should 
be obtained for patients with neurologic deficits. 

FIG. 15-14 Appearance of L2 burst fracture. A Anteroposterior radiograph. 
B. Lateral radiograph. C. Lateral CT scan. D. Axial CT scan. 
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Plain radiographs are essential in the diagnosis of flexion-distraction injuries. 
The lateral radiograph indicates widening of the posterior column either within 
or between the bony elements and localized kyphosis. There are also different 
degrees of distraction of the middle column and thus either a fracture propa­
gating through the pedicles or a widening of the posterior disc space. '!'he an­
teroposterior radiograph indicates a widened interspinous distance, indicative 
of ligamentous posterior column injury, fracture through the spinous process 
lamina, or splayed posterior elements. If translational forces are present and 
sustained, ligamentous flexion-distraction injuries may progress to unilateral or 
bilateral facet subluxation or dislocation. Unilateral dislocation is characterized 
by anterior displacement of the superior vertebra on the inferior by 25% on 
the lateral radiograph. When displacement is 50% or greater, a bilateral facet 
dislocation is likely. CT scan helps to further elucidate the fracture pattern, 
and MRI should be considered for patients with ongoing neurologic deficit 

Plain radiographs indicate fracture-dislocations of the thoracic and lumbar 
spine in either the coronal or sagittal plane or both. Occasionally, thoracic sub­
luxation& are subtle and may involve only a slight lateral or anterior translation 
of one vertebral body on another. When subluxation proceeds to frank dis­
location, the spinal malalignment is obvious on the lateral radiograph. cr is 
mandatory for these fractures in order to assess unrecognized fractures of pos­
terior elements that may affect operative management Axial CT often demon­
strates two vertebral bodies in the same transaxial slice, indicating dislocation 
of a vertebral segment. The "empty-facet sign" is present when there is com­
plete facet dislocation. Unlike the case in burst fractures, the middle column is 
often intact when the primary mechanism of injury is a shearing force. In this 
instance, compromise of the vertebral canal is secondary to the extreme ver­
tebral malalignment rather than retropulsed bone. MRI should be obtained 
for patients with incomplete neurologic injuries. 

Initial Management 

The initial treatment of a patient with a spinal thoracic or lumbar fracture in­
cludes supine bed rest with log-rolling to minimize damage to pressure­
dependent areas. A thorough systemic review for associated injuries is per­
formed. It is essential to perform serial neurologic examinations on patients 
who are awaiting definitive treatment of fractures. Deterioration in the neuro­
logic examination is an indication for emergent surgery. Steroids should be ad­
ministered within the context of the guidelines previously mentioned. 

Associated llljurles 

Multisystem trauma-such as liver or spleen lacerations, aortic arch tears, and 
intraabdominal trauma-is often associated with high-energy thoracolumbar 
fractures. Some 45% of patients with flexion-distraction injuries have associ­
ated intraabdominal injuries. Conversely, 25% of patients with intraabdominal 
injuries from wearing lap belts have flexion-distraction spinal injuries. Patients 
with thoracic spinal injuries may also have concomitant rib fractures with he­
mothorax or pneumothorax. 

Definitive Maoagemeot 

Definitive management of thoracic and lumbar compression fractures depends 
on the age of the patient, location of the injury, amount of compression de­
formity, and any evidence of posterior column distraction injury. Neurologic 
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compromise and instability are also key determinants of surgical interven­
tion. Elderly patients with multiple osteoporotic compression fractures of the 
spine are often treated symptomatically without immobilization. Concern for 
possible pathologic involvement with tumor or infection must be maintained 
in the elderly patient population. In younger patients, compression fractures 
with less than 50% loss of height are usually stable injuries that can be treated 
with a spinal orthosis for pain control during healing. For lesions in the tho­
racolumbar junction and lumbar spine, a hyperextension orthosis may be used 
in an attempt to limit the kyphosis that follows these injuries. In the majority 
of these patients, even with a well-molded hyperextension cast or orthosis, 
some settling occurs during the healing process; usually, however, it is of lit­
tle significance as long as the middle and posterior columns are intact. 

For patients with greater than 50% compression deformity, it is essential 
to rule out middle-column involvement and posterior-column distraction. Ra­
diographs demonstrate a widened distance between intraspinous processes or 
fracture of a posterior element, and the sagittal MRI also may document a pos­
terior ligamentous injury. These injuries may require surgery with posterior 
compression instrumentation and fusion with or without an anterior carpec­
tomy and anterior fusion to prevent a progressive kyphosis and neurologic 
sequelae. 

Definitive management of thoracic and lumbar burst fractures depends on 
the patient's neurologic status and age, the location of the fracture, degree of 
compromise of the spinal canal, involvement of posterior elements, coronal or 
sagittal subluxation, amount of segmental sagittal kyphosis, concomitant mul­
tisystem injuries, and body habitus. Methods of management are nonoperative 
bracing or casting or operative stabilization via anterior, posterior, or com­
bined surgical approaches. 

Burst fractures are managed nonoperatively when the patient is neuro­
logically intact, there is minimal segmental kyphosis and bony retropulsion 
Oess than 50% canal compromise), no coronal or sagittal subluxation, and no 
posterior-column involvement. A molded two-piece hyperextension spinal or­
thosis is applied. A thoracolumbar orthosis is usually maintained for a total 
of 12 weeks. Younger patients with kyphosis and a thin body habitus are man­
aged with a hyperextension Risser cast to limit postinjury settling of the frac­
ture. When lA or L5 is fractured, a single thigh is incorporated into the cast 
or brace to increase control of sagittal alignment in the lower lumbar spine. 
The nonoperative treatment of lumbar burst fractures in neurologically intact 
patients with greater than 50% canal compromise is controversial. The major­
ity of such injuries heal uneventfully without neurologic sequelae. The spinal 
canal remodels over time, thus increasing the space available for the neural ele­
ments. However, settling of the burst fracture usually results in an increase in 
segmental kyphosis. 

Indications for operative management of a burst fracture in a neurologically 
intact or minimally involved patient are signs of instability---three-column in­
juries, subluxation in the coronal or sagittal plane, significant segmental sagit­
tal kyphosis at the fracture site, progressive neurologic deficit, progressive 
kyphosis, or greater than 50% loss of vertebral height. Other considerations in­
clude concomitant injuries or body habitus that will not allow orthotic or cast 
treatment. Fractures of the thoracolumbar junction or upper lumbar spine are 
approached posteriorly, reduced, bone-grafted, and stabilized. The preserva­
tion of sagittal alignment and maintenance of motion segments are important 
and accomplished by using posterior pedicle screw fixation systems when the 
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pedicles are of sufficient size. The recommended fusion levels for posterior­
only procedures include instrumentation from two or three levels cephalad to 
the injury to two levels caudad. In cases where there is inadequate support 
from the anterior and middle columns, anterior corpectomy and strut grafting 
are performed as second-stage procedures. Significant burst fractures of the 
thoracic spine in the neurologically intact patient with anterior collapse and 
posterior-column injury are usually managed with combined anterior corpec­
tomy and fusion, followed by posterior compression instrumentation and fu­
sion to minimize the risk of further bone retropulsion and neurologic injury. 

Operative management of burst fractures associated with significant neu­
rologic deficit is individualized. The primary concern is decompression of the 
spinal canal. The anterior approach to the spine is the most thorough method 
of clearing it of retropulsed bone and disc material; it is the treatment of choice 
for this group of patients. It is important to note that a posterior-ooly approach 
as a means of obtaining indirect decompression and stabilization has also been 
shown to be effective. The surgical approach is dictated by the level of pathol­
ogy: a thoracotomy for Tl to TlO fractures; a thoracoabdominal approach usu­
ally through the tenth rib for T11, Tl2, and Ll fractures; and a retroperitoneal 
flank approach below the diaphragm for L2 to L5 fractures. The interverte­
bral discs above and below the fracture are excised and a subtotal corpectomy 
of the injured vertebra is performed, leaving the anterior and deep cortex in­
tact At. an alternative, a reach-around posterior approach can provide anterior 
decompression and strut grafting via a costotransversectomy or a far lateral 
lumbar approach. 

Following spinal canal decompression, a strut graft or titanium mesh cage 
is placed from the inferior endplate of the cephalad vertebra to the superior 
endplate of the caudad vertebra. Success or failure of the surgery rests on the 
stability and healing of the graft more than on any instrumentatioo placed. An­
terior instrumentation devices secure the strut graft and at times may act as a 
stand-alone device along with postoperative bracing. However, the spine may 
also be instrumented and fused posteriorly in a second stage with rods and 
hooks over the same levels as the anterior construct for further stabilization. 

The spine is approached posteriorly first for burst fractures with signift­
cant posterior-column disruption or subluxation. The posterior instrumen­
tation is used for reduction and restoration of sagittal plane alignment. At the 
same sitting, anterior corpectomy and strut-graft fusion are performed. 

Definitive management of flexion-distraction injuries depends on the 
anatomic structures involved and the amount of displacement. Lesions oc­
curring entirely through bone are managed in a hyperextension cast. Tills is 
particularly successful when the fracture line has propagated through the pedi­
cles bilaterally. Injuries in which the fracture involves the pars interarticu­
laris and pore soft tissue are managed operatively because the pars has very lit­
tle cancellous bone, which means that fracture healing is less reliable; 
ligamentous healing does not result in adequate stability. It is important to 
identify traumatic disc disruptions and herniations prior to the surgical re­
duction of displaced posterior elements because posterior compression forces 
may displace herniated disc material into the spinal canal, causing neurologic 
injury. A short -segment fixation with pedicle screw instrumentation and fusion 
is performed via a posterior approach. A thoracolumbar orthosis is worn for 
4 months postoperatively. 

Definitive management of fracture-dislocations is posterior operative 
reductio~ stabilization, and fusion. Thoracolumbar and lumbar injuries are 
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instrumented with pedicle screw and rod constructs, limiting the number of 
distally instrumented and fused motion segments if possible. Postoperative 
bracing increases the fusion rate by protecting the instrumentation until fusion 
occurs. 

The timing of operative reduction and stabilization is determined by the 
patient's neurologic status and overall medical condition. The primary indi­
cation for emergent operative reduction is a neurologically incomplete pa­
tient with a progressing neurologic deficit in the setting of radiographically de­
termined canal compromise. Patients with complete spinal cord injuries are 
stabilized as soon as possible to decrease the duration of enforced bed rest. A 
patient with an incomplete neurologic injury that is improving is observed 
until improvement plateaus. The spine is then reduced and stabilized. 

CompllcatioDJ 

The most significant complication of compression fractures is progressive 
kyphosis resulting from settling of the vertebral body, unrecognized posterior­
column ligamentous injuries, multiple contiguous compression fractures, and 
pathologic fractures. Neurologic abnormalities are not seen with typical com­
pression fractures, which involve only the anterior column. 

Complications of nonoperative management of burst fractures are residual 
segmental kyphosis, progressive kyphosis secondary to unrecognized posterior­
column injury, and vertebral collapse due to settling. All these have a poten­
tial for increasing neurologic deficits. Complications of operative management 
of burst fractures are failure of instrumentation due to inadequate anterior­
column reconstruction, vascular or neurologic injury during the surgical ap­
proach, and dislodgment of strut grafts. Pseudarthrosis is rare with either 
operative or nonoperative treatment. 

Complications of flexion-distraction injuries are inadequate posterior-column 
reduction with orthosis for bone injuries, umecognized ligamentous compo­
nents of the injury, and rare traumatic disc herniations. These last may be 
retropulsed into the spinal canal by posterior compression forces during op­
erative reduction. 

Complications of fracture-dislocations of the spine are an increase in spinal 
deformity due to inadequate treatment in a spinal orthosis or a Charcot spinal 
arthropathy below a complete spinal cord injury. 

SACRAL FRACTURES 

Classification 

Sacral fractures are classified anatomically into zones I, IT, and ill, using the 
Denis three-zone system. 

Zone I fractnres are lateral to the neural foramen. They are associated with 
a 6% rate of neurologic injury. Neurologic deficits result from superiorly dis­
placed sacral fracture fragments compressing the L5 nerve root against the 
undersurface of the L5 transverse process. Zone I injuries also include vari­
ous ligamentous avulsion injuries around the periphery of the sacrum. These 
account for 50% of sacral fractures. 

Zone II fractures are longitudinal fractures through the sacral foramen. 
They are associated with a 28% incidence of neurologic deficits. The neuro­
logic injury is usually characterized by Sl compression associated with sci­
atica. L5 is involved when fracture fragments are displaced superiorly; other 
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sacral nerve roots can be involved if the fracture extends through these levels, 
causing displacement Because these fractures are unilateral, incontinence is 
rare, but sensory changes over the involved dermatomes are common. Zone 
II fractures account for 34% of sacral fractures. 

Zone m fractures occur least frequently, at 16%. These fractures involve 
the central canal and are associated with a high (57%) incidence of neuro­
logic deficits, with loss of sphincter control, saddle anesthesia, and acute cauda 
equina symptoms. Transverse fractures occur as isolated injuries due to a flex­
ion force imparted to the lower part of the sacrum and the coccyx. Below S4, 
there is little chance of a significant neurologic deficit because the sacral nerve 
roots have exited proximal to this area. Some 76% of these patients have im­
pairment of bowel, bladder, or sexual function. 

Another pattern of injury to this segment of the spine has recently been clas­
sified. These are injuries at the lumbosacral junction. Isler has classified them 
according to where the fracture line extends relative to the L5-Sl facet joint 
Type A injuries are lateral to the facet joint, type B injuries extend through the 
!.5-Sl facet, and type C injuries occur through the spinal canal. Types B and 
C are associated with instability and varying degrees of neurologic injury. 

Diagnosis and IDIUal Mauagement 

History and Physical Examination 

Sacral fractures are most frequently due to high-energy trauma Physical find­
ings are back and buttock pain, ecchymosis over the sacrum, and sacral pain 
on rectal examination. Specific low lumbar and sacral root neurologic deficits 
should prompt consideration of sacral fractures. The fifth lumbar root is often 
involved when it is trapped between the transverse process of L5 and the su­
periorly migrating fragment of the sacral ala. Evaluation of the Achilles and 
bulbocavernosus reflexes is mandatory in assessing sacral root function. 
Sacral fractures may result in anesthesia over the sacral dermatomes, impo­
tence, and a flaccid bowel and bladder. Incontinence rarely occurs with uni­
lateral root injury between S2 and S5. Decreased sensation is a more usual 
consequence. When there is doubt about the integrity of the structures inner­
vated by the sacral segments, urodynamics can be helpful in assessing the 
motor function of the bladder. 

Radiographic Examination 

Radiographic documentation of sacral fractures is difficult because of the 
complex shape of the sacrum and pelvis. Fifty percent of sacral fractures with­
out neurologic deficit are missed on initial examination. The initial radio­
graphic examination includes lateral and anteroposterior, or Ferguson, pro­
jections. The Ferguson projection centers the proximally directed beam on the 
sacrum. Radiographic findings associated with sacral fractures are fractures of 
low lumbar transverse processes, asymmetrical sacral foramen, and irregular 
trabeculation of the lateral masses of the proximal sacral segments. CT is the 
most accurate method of evaluating sacral fractures. When the sacral segments 
are too osteopenic to produce reliable radiographic images, suspected fractures 
are identified on bone scan. 

Initial Management 

The focus of initial management of sacral fractures is pain relief. The patient 
is kept at bed rest and log-rolled from side to side until the pain subsides to the 
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point where mobilization can be initiated, usually within 7 to 10 days. Con­
traindications to nonoperative management include fractures associated with 
soft tissue compromise, incomplete neurologic deficit with documented neural 
compression, and extensive disruption of the posterior lumbosacral ligaments. 

Associated Injuries 

These include multisystem and neurologic injuries associated with fractures of 
the sacrum. 

DeJinltive Mauagement 

Isolated sacral fractures without fractures of the anterior pelvic ring or neuro­
logic deficits are stable and do not require treatment beyond relief of symp­
toms. After the initial period of bed rest, the patient is mobilized with avoid­
ance of weight bearing on the affected side for 4 to 8 weeks and then with 
weight bearing as tolerated. It may take up to 2 to 4 months for a fracture of 
the posterior pelvic ring to heal completely. Sacral fractures that present as 
elements of a pelvic injury are managed to reestablish the pelvic ring. The 
goals of surgery are neurologic decompression where applicable and estab­
lishment of stability. Percutaneous and open techniques are designed to obtain 
stabilization. 

ComplicatloDJ 

Complications of sacral fractures are chronic pain secondary to sacroiliac 
arthritis or change of alignment of the sacrum and loss of voluntary control 
of bowel and bladder. Sacroiliac arthritis is managed with arthrodesis. 

Neurologic deficits associated with zone II injuries are managed with ob­
servation, because many of these injuries are neuropraxias that will resolve 
spontaneously. Symptoms that persist beyond 6 to 8 weeks may benefit from 
foraminal decompression. Deficits associated with zone m injuries should un­
dergo aggressive radiologic examination to identify the cause of the neuro­
logic injury, because early posterior decompression may result in the return 
of bowel and bladder control and reversal of foot drop. Late decompression 
is often complicated by epidural fibrosis and minimal return of function. 
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16 Fractures and Dislocations 
of the Pelvic Ring 
and Acetabulum 
D. Kevin Scheid 

This chapter reviews fractures and dislocations of the pelvic ring and acetab­
ulum and dislocations of the hip. 

ANATOMY OF THE PELVIC RING 

The bony pelvic ring consists of two innominate bones (hemipelvis) and the 
sacrum, which are held together by an intricate ligamentous network. Each in­
nominate bone consists of three parts: ilium, ischium, and pubis, which fuse at 
the acetabulum on skeletal maturity. The anterior rolmnn, or iliopuhic column, 
includes the anterior wall of the acetabulum, the anterior ilium, and the supe­
rior pubic ramus (Fig. 16-lA). The posterior colUIDD, or ilioischial column, 
includes the posterior wall of the acetabulum and extends from the postero­
inferior ilium at the greater sciatic notch to the ischial tuberosity (Fig. 16-
18). Specific landmarks on the anterior column that are helpful during surgery 
include the anterosuperior iliac spine, anteroinferior iliac spine, iliopubic line, 
iliopubic eminence, and pubic tubercle. Landmarks on the posterior column 
include the greater sciatic notch, lesser sciatic notch, ischial spine, and ischial 
tuberosity. 

Each innominate bone articulates with the sacrum posteriorly at the sacroil­
iac joints. The joints are covered with hyaline cartilage on the sacral side and 
fibrocartilage on the iliac side. All sacroiliac joint stability is derived from in­
terosseous , posterior sacroUiac, and anterior sacroiliac Ugament com­
plexes (Fig. 16-2). The anterior pelvic ring is joined at the cartilage-covered pu­
bic symphysis and is held by an enveloping fibroligamentous complex. Two 
additional (sacroischial) ligaments, the sacrospinous and sacrotuberous, con­
fer stability to the pelvic ring. Together, these ligament complexes resist verti­
cal and rotational forces on each hemipelvis. The pelvic brim divides the up­
per (false pelvis) and lower (true pelvis). 

Vascular, neurologic, and genitourinary structures lie within and along the 
inner pelvis, making them susceptible to injury during pelvic disruption. The 
common iBac artery gives rise to the Internal Uiac and external Uiac arter­
ies. The superior and inferior gluteal, vesical. and lumbosacral arteries all 
arise from the internal iliac artery. The sacral venous plexus is particularly 
susceptible to injury with pelvic ring disruption and is difficult to control or 
embolize. 

The lumbosacral plexus, which includes the fourth and fifth lumbar and 
sacral nerve roots, lies along the anterior sacrum. The sciatic, gluteal, and 
splanchnic nerves arise from this plexus. The obturator nerve runs along 
and below the pelvic brim to exit the obturator foramen. 

The bladder, urethra, vagina, and rectum are all susceptible to being punc­
tured or tom by bony spicules, shear forces, and compression. 

248 
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b 

FIG. 18·1 Anterior (a) and posterior (b) columns of the pelvis. 

FRACTURES AND DISLOCATIONS OF 'DIE PELVIC RING 

Clauificatloa 

Pelvic fractures have previously been classified aa»rding to the presumed 
mecbamism of injury as lateral compressioD. mteropostcri.or compressioD. 
vertical. shear, and complex fractllrel. The more useful AO classification of 
Tile is based solely on pelvic stability and l:hc;mfore better dictates the DCCded 
treatment. 

1)pe A :liacruml are stable both vertically and rocaliolllllly. They do DOt ttuly 
disrupt 1he pelvic riDg, as do type B and type C fnlcmres. An iliac wing fmc.. 
tore invol'YiDg dle emit tbat does not disrupt the integrity of the pelvic ring or 
an isolated trauverse fracture of the sacrum are examples of type A fraclures. 
Avulsiou of the .iadleal tuberosity or iliiK: spines are a1ao type A injmies. 

TJpe B fractures are vertically stable but rotationally unstable. They in­
clude DIIUlY lateral CWDpieSsion aDd l~Dfcroposterior cumpression injuries. The 
hemipelvis is disrupted rotati.ooally, causing both anterior and posterior ring 
injuries. Al1hough these injuries can. be quite severe and cause gross rota­
d..J instability to the hemipelvis, the hemipelvis is not verdcallJ unstabk: 
and will not displace vmi.cally because of the putially mw:t posterior liga­
mentous structures. 'l'be two common subgroups of type B injuries include the 
"'open-book" (B 1) injury, with antai.orpelvil: riDg distuptiou and distuptiou of 
the uterlor sacroiliac ligamenta. The hemipelvis is UDStable to eDemal ro­
tation but vertically stable because of intact posterior sacroiliac ligllliiCDta 

FIG. 18-2 Transverse section through sacroiliac joints. (a) Interosseous lig· 
aments, (b) posterior sacroiliac ligaments, (c) anterior sacroiliac ligaments. 
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FIG. 18-3 A. 81 injury wilh disruption of the anterior ring and anterior sacroil­
Iac ligament. The posterior sacroiliac ligaments remain Intact, providing vertical 
stability. 8. AP view of the pelvis with a typical 81 injury. 

(Fig. 16-3A and B). The se<:ond most common subgroup of type B injuries 
comprises thoee UDBtable to iatenW :rota!ion; they include the "lateral com­
pression" (type B2) injuries. The intemally rotated hemipelvis disrupts the 
posterior sacroiliac ligaments and crushes the anterior ring (pubic rami). The 
aotclior saaoili.ac ligamcDD aDd saaospinous aDd sa:rotuberoua Ugaments ~ 
main intact. The rotating hemipelvis frequently crushes the anterior sacrum 
ar aacral ala. The intact J.ipmmts bcp the hemipel'Yis vocally stable. The 
dimlptecl anterior ring and poatcrior sacroiliac ligaments cause internal rota­
tiomd instability (F~g. 16-4.4 to D). 

A 

0 

FIG. 16-4 A. 82 injury wilh disruption of the anterior ring and posterior 
sacroiliac ligament. The anterior sacroiliac, sacrospinous, and sacrotuberous 
ligaments remain intact, providing vertical stability. 8. Inlet view of the pelvis 
with internal rotation of the right hemipelvis. Fractures of the right ramus and 
right sacral ala are seen. C. CT scan showing buckle fracture of the anterior 
sacral ala. D. B2 injury with fracture of the ilium posteriorly. 
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Type C fr~s are both vertleally and rotadoD8lly1111Btable. Lib 
type B injuricl, dle anrerior and posterior pelvic ring ia disrupted. Unlike type 
B injuries, sufficient disruption of bODes or ligaments bas occ:urred to allow 
the hemipelvis to displace vertically. The posterior injury can involve the 
SIICIWD, sacroiliac joint (Fig. 16-SD), posterior ilium, or any combi'nation 
thereof. The anterior injury can involve the pubic symphysis or ischial and 
pubic rami (Fig. 16-SA to C). Because of dle combiDed injuries to bones and 
ligaments, the8e frac:ture-dislocations will migrate vertically due to the pull of 
the tmso muscle3. 

Diagnosis aadlaltlal )fanagentlltllt 

History tmd Physical Examinolion 

There ill always a history of lignificant trauma. A rapid initial physical ex­
amination includes inspection for pelvic, abdomiDal, aDd perineal bruising; 
digital inspection for rectal or vaginal tears, indicating aD open frac:ture; blood 
at the urethral meatus, indicaliDg possible urethral tear; pelvic asymme1Iy; 
iliac creat mobility; lower extremity malrotalion; and leg-length diacreplmcy. 
There is also a focused neurologic aDd vascular examination of the lower 
extremities. 

Rlldiographic ~ 

An anteroposterior pelvic film usually raises suspicion of a pelvic ring dis­
ruption. Inlet and outlet views and computed tomography (C11 scans define 
the pos1ai.or injmy and thus posai"ble instability of the pelvic ring. Jf the result 
ia equivocal, suapected instability is documented fl.uoro~~copically by exami­
nation under anesdlesia. 

vertical displacement-all $I l igaments ruptured 

FIG. 16-5 A. C-type injuries showing vertical instability of the hemipelvis. The 
anterior InJury can Involve the symphysis or (B) the Ischial and pubic rami. C. 
Cystogram showing rupture of the bladder with dye extravasation. D. The pos­
terior Injury can Involve the posterior Ilium, sacroiliac Joint, or sacrum. 
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Initial Management 

Hemodynamically stable patients are closely monitored Hemodynamic insta­
bility is a life-threatening emergency. Hemodynamically unstable patients may 
be placed in medical antishock trousers (MAST) to increase peripheral vascu­
lar resistance and decrease motion of the fracture by direct pressure. Use of the 
MAST suit for other than initial transport and stabilization is not indicated 
because of complications secondary to prolonged inflation. A bed sheet tied 
circumferentially around the pelvis may decrease venous bleeding in type Bl 
and C injuries. hnmediate intervention for the bleeding pelvis after removal 
of the MAST suit is rapid reduction and external fixation to tamponade bleed­
ing vessels. Anterior ring stabilization alone will usually suffice to tampon­
ade retroperitoneal hemorrhage, even if there is vertical instability; however, 
skeletal traction is added to prevent vertical migration of the hemipelvis until 
definitive posterior fixation is done. If bleeding persists, as indicated by con­
tinued hemodynamic instability, cr of the pelvis with contrast may demon­
strate a hematoma consistent with active bleeding. Selective arterial emboliza­
tion can be attempted to control hemorrhage and restore hemodynamic stability. 
Indications for emergent open control of hemorrhage or for packing are rare: 
open fracture and inability to control hemorrhage, major vessel disruption un­
controllable by embolization, and lifesaving hemipelvectomy. 

Associated ID,jurles 

Pelvic fractures are frequently associated with vascular and genitourinary sys­
tem injuries. Type B 1 injuries, unstable in external rotation, have a greater 
incidence of associated vascular injuries than do type B2 injuries, unstable to 
internal rotation. Vascular injuries are life-threatening and must be managed 
aggressively. Rapid evaluation is required to rule out thoracic, intraperitoneal, 
or external bleeding and to direct management of the patient in extremis toward 
the retroperitoneum and the pelvic fracture. The hypovolemic patient with an 
unstable pelvic ring fracture is assumed to have significant retroperitoneal 
hemorrhage due to injury of the sacral venous plexus, bleeding due to bone 
fracture, and major or minor arterial injuries. 

Genitourinary injury is suspected with any pelvic fracture and is more 
common in type B2 injuries. Blood at the urethral meatus, fractures of the ischial 
and pubic rami, and a floating prostate on rectal examination indicate urethral 
injury. A retrograde uretlrrogram. determines the presence of a urethral tear 
prior to catheterization of the bladder. A cystogram determines whether the 
bladder is intact (Fig. 16-SC). 

DeJinltive Mauagement 

The goal of early management is stabilization of the unstable pelvis. This is 
most frequently accomplished by application of an anterior extemal fixator. 

In ro1ationally uustable (type B) fractures, only anterior ring stability is re­
quired to convert an unstable pelvic ring to a stable structure. Displaced or 
grossly unstable lateral compression (type B2) fractures require anterior ring 
stabilization only. Often, an extemal :fixator is used to externally rotate andre­
duce the internally rotsted hemipelvis. Open-book (type B l) injuries with in­
stability on stress views greater than 2.5 em of symphysis dissociation or gross 
radiographic and clinical instability also warrant stabilization of the anterior 
pelvic ring (Fig. 16-6A and B). In equivocal cases, examination with imaging 
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FIG. 16·8 A and 8. Open·book injury to the pelvis treated with reduction and 
plating. (Court9SyofRob61tF. Hall, Jr., M.D.) 

UDder gcumd aneslhesia will assess tbe ~of rotalicmal. instability. An ex­
tcmal. fixator or pubic symphysis plate is sufficimt to inmrnally rotate and sta­
bilize the extemally rotated hemipelvia. 

In ...mlcaiiJ UllltaiJie fmcturea, antcrlor and poErior &tabi1izalion is requin:d. 
Anterior stabilization is acc:ompliabcd as in type B injuries. R.clalive indi­

cations for intcrnal fixa!ion of the disruptcd symphysis pubis or fradmes of 
pubic rami include exposUR~ of the area for lapsrotwny or bladder n:pair or 
when extcrnal fixator pins would violate a planned acetabular surgic:al inci­
sion,dlereby iD.c::masing the c:hance of postopaalive iD.feclion. The tedmique 
~ edeiDal fta.tlao follows many of the guidelines set forth for em:rnal. fix. 
ator use in l.cmg boDes. Two to 1hnle pins at least S mm in diamet« me plaa:d 
in each hemipelvis.Jncreased pin spacing improves liability. Extemal fixator 
systems that do not require parallel pin placemeDl allow individual angling 
of pins for optimal positioning. The shape of the iliac wing mala:s it a chal­
lmge to imert 1be pim between 1be two cortK:al. tabla. P.im aie placed tbrougb 
amaU horizontal inciaions over the iliac crest. The ltarting point for the first 
pin is 2 em posterior to 1be anterosuperiar iliac spine. The second pin is in­
acrtcd in 1be broad iliac tubercle 6 to 10 em posterior to 1be first pin. A drill 
hole is IDIIde in the cortex of the crest only, and pins me iDsated by hand wid1 
aT -lumdlecl chuck. Imaging can be used with tangential viewa to ensure that 
the pins remain between the cortic:al tables. Directing each pin toward the 
redWn offers an initial threc>dimensicmal. mental. landmark for pin placemcDt 
widJiD the cortical tables. Maximal pin depth, with the tips of the pins eudiDg 
in the ilium just above the acetabulum, affords the greatest atability and 
loagevity of the pin. :Rotation of 1he D.uuuscope in d.iflCEent dim:tions allows 
tangential views of eaclt pin, verifying placement between the cortic:al tables. 
A simple quadrilateral frame is attached to the pins, the pelvis reduced by 
manipulalion UDder ftuoroac:opy, and 1be fmme tightened to hold the reduction. 

The ledm1que ~ opea ndudlon 81111 IDknalfiDdon of 1he antcrlar pelvic 
ring calls for a horlzontal. Pi'alln&Datiel or vertical laparotomy incision. Two an­
terior plldes o.ri.ented at 90 degrees to elldl otber are considered more stable 
than a single plate. A Foley c:adleter in the bladder not only decomprellses the 
bladder but abo serves as aa easily pdptlhlc lal1dmalk for bladdr:r 1oca1ion. 

There are no extcmal futator COIIItmctll or any fmm of aatcrior iDtemal fixa. 
tioD 1ha1 would, alone, provide enough stability to maintain reduction of a vc:r­
tic:ally unatable fracture. Therefore, when vertical instability is present, the 
posterior ring must be stabiJizcd. This can be done acutely in a stable patient 
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or delayed until the patient has stabilized. Traction should be employed if pos­
terior fixation is delayed. Various techniques of posterior fixation have 
evolved, and their use depends on the location of the posterior injury and the 
surgeon's experience. Posterior iliac fractures are stabilized by using stan­
dan! plating techniques. Lag screws compress the fracture, and a neutralization 
plate is applied. The approach is anterior through an iliac crest incision, ex­
posing the inner table, or posterior, with the patient in a lateral decubitus or 
prone position. Exposure of the more lateral iliac fracture is easier tlrrough 
an inner pelvic approach. Posterior iliac fractures are more easily exposed 
through a posterior approach, especially in obese patients. 

Sacroiliac joint stabilization is most commonly accomplished by image­
guided, percutaneously placed iliosacral screws. In experienced hands, one 
and usually two screws placed into Sl or Sl and S2 are sufficient. Anterior 
iliosacral plating can also be done if it offers advantages in a given case. Sacral 
bars are rarely used. 

The majority of patients presenting for delayed posterior fixation have had 
an external fixator placed on admission or during resuscitation. The external 
fixator may have to be detached to allow mobility of the hemipelvis for 
anatomic reduction. After anatomic posterior reduction is obtained, the fixator 
is resecured. 

Anterior sacroiliac joint fixation with two- or three-hole plates has been 
used successfully for many years. Stability of fixation is increased by the use 
of two plates. 1bis is important when there is room for only one screw on the 
sacral side due to the proximity of the L5 nerve root. Occasionally, the sacroil­
iac joint is approached posteriorly. A posterior approach is most commonly 
employed when a large iliac fragment is present and is attached to the sacrum 
by the iliolumbar and iliosacralligaments. Direct exposure of this fragment fa­
cilitates its reduction and fixation. 

The advantage of percutaneous iliosacral lag screws is the direct fixation 
of the ilium to the sacrum. The disadvantages are potential iatrogenic neuro­
logic injury from screw penetration into the sacral foramina or spinal canal 
and violation of the sacroiliac joint itself with the screws. Two large-diameter 
cannulated screws are inserted from the posterolateral ilium into the Sl body 
or sacral ala. Washers or small plates are used to prevent migration of the screw 
head through the ilium as the screw is tightened. The technique requires clear 
visualization by using image intensification. The patient's position must allow 
enough under-table clearance to obtain appropriate inlet, outlet, and lateral 
views with the fluoroscope. When there is inadequate visualization of the sacral 
foramina on the outlet view because of obesity or bowel gas, alternative meth­
ods of fixation are considered, or the procedure is delayed until the bowel is 
well prepped. On the inlet view, the pin is angled slightly anteriorly to pass 
through the vestibule of the sacral ala at a perpendicular angle (see the article 
by Carlson and Scheid in the "Selected Resdings" at the end of this chapter). 
The tip of the guide pin is placed in the anterior third of the Sl body to main­
tain the maximal distance between it and the sacral spinal canal. On the outlet 
view, the guide pin should be angled slightly cephalad, ending in the upper half 
of the Sl body. A final check with a true lateral view ensures accurate guide-pin 
placement. 

Sacral fractures are stabilized in situ by using the percutaneous iliosacral 
screw technique described for sacroiliac joints. Problems unique to sacral frac­
tures are loss of foramina! landmarks secondary to the fracture pattern and 
crushing of interposed nerves between bone fragments while the screws are 
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beiDg tightened. When lllll1tomK: reducticm of1he sacml. fru:tme is not acDved 
by closed methods, a combination of posterior open reduction and percuta­
neous screw placement is used. The patieDt is positioned proae aDd the sacrum 
is exposed tbrougb a posterior longitudinal illcision. The fmdure is reduced and 
nerves ~e decompressed. With the help of fluoroecopy, pcm~taneous iliosacra1 
screws ~e plac:ed. Even with a direct approach to the sacrum or sacroiliac joint 
posteriorly, ~ of the outer posterior ilium is not required to place per­
cutaneous screwB. This will help prevent poaterior wOWld breakdown. 

CompUt.atioaa 

Complications include posttramna!ic arthritis of the sacroiliac joint; symptom­
atic maluaion, JMU!tiug in leg-length disc:epraDcy; malrotation; and neurologic 
symptoms due to iDflamm.ation and entrapment of lumbar and sacral nerve 
roots. Artluiti8 of the sacroiliac joint is managed conscrvatively initially and 
wilh arduoclesis if necessary. SympCDmatic malUDioD is managed with a shoe 
lift and gait modificati011. Ocx:asionally, a com:ctioual. osteotomy is indicad. 
Nearltl.l is managed with nonsteroidal anti-iDflammatory drugs, neurolep­
tics, and occa&ionall.y mmve decompmlllion. 

ACETABUlAR FRACTIJRES 

Clulifit.atioa 

The anatomic classification of acetabular fractures was published by Judet 
et al. in 1964 and mined by l...ctouJnel in 1981. ~ fractUies a,n, du­
sitied into five .tlmple and five utOdate4 fractures. 

Simple Fractures 

Posterior-wall f:raccuml rqm:sent poataior dislocatilma of the femoral head. 
'I'bey involve different 81DDU1lts of the posterior rim of the acetabulum. Sciatic 
nerve injmy and marginal impaction of the reiDlliDin& .intact poatcrior wall 
are common (Fig. 16-7A). A frequent mistake is classifying a large fracture 
of the posterior wall as a fracture of dlC poataior column. 

Pestedor-eolumn fractures by definition require disruption of the ilioischial 
lime on the anteroposterior pelvic view. They include the ischial portion of the 
bone aodoften involve a disruption of the obtllralorforamen (Fig. 16-7B). 

Antaior-Wldl fmctures are rare. They .involve diffeJmt portions of the an­
taior rim or half of the acetabulmn. 1be fracture does not involve the inferior 
pubic IliiDUS (Fig. 16-SA). 

FIG. 16-7 A. Posterior-wall fracture. B. Posterior-column fracture. 
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FIG. 16-8 A. Anterior-wall fracture. B. Anmrior<:olumn fracture. 

Anterlor-coiUIDil fractures are characterized by di!mlption of the ilio­
pectineal line. Low column fractures involve the inferior acetabulum and in­
clude disruption of the inferior pubic ramus. Superior fractures involve dif­
ferent parts of the anterior half of the ilium (Fig. 16-8B). 

Tr8Divene fractures divide the hemipelvis into superior and inferior 
halves. The line can traverse the articular surface at any level, and the obtura­
tor foramen is intact (Fig. 16-9A and 11). 

Associated Froctwes 

Fractures of both the posterior column and posterior wall represent a dis­
location of the hip with 1111 IIIISOciated posterior-wlwml mcture. TheR is a 
break in the obturator foramen (Fig. 16-10). 

T -!ibaped. fracturc8 arc transVCIBC with an associated vertical fracture into 
the obturator foramen and out through the inferior ramus (Fig. 16-11). 

Fracture~ of the aataior wall or colamD willl posterior bmdtnoiVene, 
as the name implies, combines an anlerior-wall or anlerior-column fracture 
with the posmrior half of a transverse fracture (F.iJ. 16-12). 

Both-column fractures are diagnosed more often than they occur. A true 
both-column fractu:te has no articular surface atw:hed to the lntaet portion 
of the ilium, which remains atwlhed to the sacmm (Fig. 16-13). 

Tnmsvene with posterior-walll'nlctures Wlually do not involve a break 
in the obturator foramen (Fig. 16-14). 

A 

FIG. 16-9 A and B. Drawing and radiograph oftmnsv9rse acstabularfracture. 
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FIG. 16-10 Posterior-column-posterior-wall fracture. 

FIG. 16-11 T-shaped fracture. 

FIG. 16-12 Anterior-wall or -column fracture with a posterior hemitransverse 
fracture. 

FIG. 16-13 Both·column fracture. 
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FIG. 16-14 Transverse wilh posterior-wall fracture. 

Dlagno1 .. aadlaltlal Maaagemeat 

History IJNl PhysictJl Emminlllion 

'Ihere is always a history of significant injury. The patient has pain localized 
to the hip. The leg may be rotated and sbortaled. Motion of the hip elicits ~ 
vere pain. A partial or complete acia!ic nerve injury may exist. 

Rmliographic &ammation 

Radiographic evaluation is important for pmJpelalive plmming. Vutually all 
fradures can be classified wilh an anteroposterior pelvic film and two oblique 
views. Although bolh column oudines can be seen on 1hc amrmpostaior view 
(Fig. 16-lSA),Ihe two oblique, or Judet, views at45 degrees best display 1he in­
dividual col1mms. The iliae oblique view is 1aklm with the fmctUied side tilted 
down or away from the x-ray tabe. 1bis view profiles the ilimn and best dis­
plays lhe posterior column of the afl'ected &ide (Fig. 16-158). The obturator 
ehUqae view, talmo. wilh 1be fractomd side tilted up toward 1be tube, best dis­
playslhe outline of tbe antaior column (Fig. 16-lSC). cr provides additi.cmal 
infonnation oot eamy found on plain films, including undisplaced fragments of 
the ilium or impacted segmental fragm&mts of tbe acetabulum. Tbc shortcom­
ings of axial cr include the inability to demrmine dome smp.off and difficulty 
in classification without comparison to plllin films. ~ CT 
&eBDll are IICCID'8lc repreaentlltiODB of 1he fractore but usually provide lialc ad­
clliiODal iDfOIIDillioD. 

c 

IIIK-obllque 

FIG. 18·15 A. Anteroposterior view of the hemipeMs. B. Iliac oblique pro­
jection. C. Obturator oblique proJection. 



16 FRACTURES OF THE PELVIC RING AND ACETABUWM 259 

Initial Management 

ille pelvic ring injuries, acetabular fractures frequently occur with injuries to 
other organ systems. During resuscitation, an anteroposterior pelvic film will 
show most acetabular pathology. When hemodynamic stability is achieved, 
Judet views and a CT scan are usually obtained to determine whether traction 
is necessary. Distal femoral skeletal traction is applied: 20 to 30 lb of skeletal 
tnoction will suffice to partially reduce the femoral head and disimpact the joint. 

A dislocated femoral head is reduced as though there were no acetabular 
fracture. H necessary, skeletal traction is applied while the reduction is held 
manually. Open reduction is necessary for the rare irreducible dislocation. 

Aasoclated Injuries 

Associated injuries of the femoral head, pelvis, genitourinary system, and sci­
atic nerve occur frequently. Unfortunately, the best acetabular reconstruction 
may have a poor result because the articular surface of the femoral head is 
damaged. Some of this damage can occur after injury as the subluxed head 
articulates with the edges of fractured bone. For this reason, the patient is 
placed in skeletal traction until it is determined that the fracture is undisplaced 
and that there are no intraarticular fragments. A concomitant pelvic ring in­
jury complicares the preoperative planning. Geoltonrioary injuries are less fre. 
quent than with pelvic ring disruptions. Sciatic nerve contusion with selective 
injury to the peroneal section of the nerve is common in fractures of the poste­
rior column and wall. Local soft tissues are frequently compromised and are 
carefully inspected before determining the timing of surgery and the approach. 

De.finlllve Management 

Goals of surgery include reduction of the articular surface, removal of debris 
from the joint, and stable fixation, which will allow non-weight-bearing am­
bulation and range of motion. The primary relative indication for nonoperative 
management is a congruous joint that is stable without traction. Fractures of 
the posterior wall that involve up to half of the posterior articular surface may 
be stable. If posterior stability is documented, nonoperative management is 
considered However, if the fragment is large enough to obtain stable fixation, 
internal fixation will decrease the chance of late loss of reduction. Very low 
transverse T -shaped and anterior-column fractures can be managed nonoper­
atively if the weight-bearing portion of the joint is stable and congruous. 

Sorgical approaches are divided into two categories: limited and extensile. 
The term limited implies visualization of one column. The term extensile im­
plies exposure of part or all of both columns through one incision. Occasion­
ally, two limited incisions are used to achieve exposure of both columns. The 
approach used depends on the type of fracture and the surgeon's experience. 

The limited approaches are the Kocher-Langenbeck and ilioinguinal ap­
proaches. The Kocher-Langenbeck approach exposes the posterior column 
and posterior half of the superior dome. Fractures that can be exposed through 
this approach include those of the posterior wall, posterior column, and asso­
ciated posterior column-posterior wall (Fig. 16-16A and B). Transverse frac­
tures alone and transverse fractures including the posterior wall can be reduced 
and stabilized with this approach if the anterior fracture does not require fixa­
tion or if it can be stabilized with a percutaneous lag screw. 

The iHoinguinal approach affords exposure of the anterior column from 
inside the pelvis. Exposure from the anterior sacroiliac joint around the inner 
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FIG. 18·16 A and B. Posterior wall fracture-dislocation of the hip treated by 
open reduction and lntemal fbcatlon. (CoUttesyofRobettF. Hall, Jr., M.D.) 

pelvic brim and down to the pubic symphysis is possible. This exposure is 
demanding but extremely valuable for certain fractures. Fracturea routinely 
exposed dm>vgh this approach include anterior-wall and anterior-column :fro» 
tures. As in the cue af the Kochc.r-Langenbeck approach, other fractures can 
be stabilized through this approac:h including tEansvme. aDtai.or column with 
posterior hemitransvene, and occasionally both-column fractures. When the 
ilio.iquinal approach is wsed fur a 1nDsve:zse or associated fnl.:tUie, the pos­
terior fracture muat either not require fixation or be sec:ured with an image­
guided posterior-column lag IK3W. 

The two aflmllle approaches are the Criradiate and the extended iliofemoral. 
Tbc ad'Vllldage of 1hese spproaches is that they expoae bod1 columns as well as 
the articular 11111face. The disadvantage is the increased soft tissue dissection 
and n:sultaDt ptOpCDSity for heterotopic bone fonllati.on. 

The triradfate approach combines the posterior Kocher-Laogenbeck ap­
proach with an anterior limb designed to eqxJSC the inferior half of the ilium 
and the proximal half of the anterior colUIIID. 

The ateaded IUofemoral approach, like the trirad:iate approach. provides 
exposure of the two columns but alao alforda greater exposure afthe proximal 
half af the ilium. 

The indication for an extensile approach is a fracture that cannot be satis­
factorily mluced and stabilized via a limited approach. The mote n:cently 
described Stoppa approach (midline abdominal) can be used to obtain in­
aeased din:ct elq)OSure af the quadrilatmd sllrface of the acetabulum. 

A cr scan has been recommended to 8.51CSS the adequacy af the fracture re­
duction. as plain radiographs are felt to be illadequate for the assessment of 
anything beyond the general contour af the acetabulum and posterior wall. A 
delay of mote than 12 h between the injury arul reduction of the dislocation. 
seven: intraarticular comminution with involvement of the weight-bearing 
dome, and a Raidual fracture gap are some of the factors predictive of an un­
satisfactory clinical result, as seen in about 30% of paients with this injury. 

CompUcat:loaa 

Complica!ions of acetabular fradures are similar to those of hip dislocation 
and are covea:d under ''Dialocations of the Hip," below. 
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DISLOCATIONS OF THE HIP 

Classification 

Dislocations of the hip are classified according to the location of the femoral 
head as being posterior, anterior, or obturator (inferior). Posterior disloca­
tions are by far the most common type. The mechanism of injury is an axial 
load applied to the flexed adducted hip, as would occur when the knee strikes 
a dashboard. 

Anterior and obturator dislocations are caused by hyperabduction of the 
hip. The greater trochanter impinges on the acetabular rim and levers the head 
out of the acetabulum. Extension and external rotation force the hip anteriorly, 
resulting in an anterior dislocation. Flexion and internal rotation force the hip 
inferiorly, resulting in an obturator dislocation. 

Associated Injuries 

Multisystem injuries, sciatic nerve injury, and fracture of the femur, knee, 
acetabulum, femoral head, and neck are associated with hip dislocations. Mul­
tisystem injuries reflect the high-energy trauma required to dislocate a hip. The 
presence of injuries to other systems is determined by adhering to the assess­
ment guidelines outlined in Chap. 1. Sciatic nerve injury follows posterior dis­
location of the hip and occurs when the femoral head impacts and stretches the 
nerve. The injury is almost always a neurapraxia and is manifest by partial 
loss of function, most frequently peroneal nerve function. The most accurate 
me1hod of derermining whether the ferooral head and acetabulum are fractured 
is CT. Fractures about the knee are ruled out by a focused examination and 
radiographs. 

Diagnosis and IDiUal Management 

History and Physical Examination 

The patient has severe pain. When the hip is dislocated posteriorly, there is a 
history of significant trauma. The leg is shortened. The hip is flexed approxi­
mately 30 degrees and internally rotated. Anterior dislocations are often the 
result of less significant trauma and are characterized by external rotation 
and different degrees of abduction. Obturator dislocations are caused by signif­
icant trauma and are characterized by at least 45 degrees of fixed abduction of 
the hip. 

Radiographic Examination 

The diagnosis is confirmed by an anteroposterior radiograph of the pelvis. 
Spot anteroposterior and lateral radiographs of the hip are also obtained to 
evaluate the femoral head and acetabulum. Radiographs of the femoral neck, 
femoral diaphysis, aod knee are examioed to rule out fracture. After reduction, 
new films are obtained to assess whether the reduction is concentric. In equiv­
ocal cases, a cr scan is obtained. 

Initial Management 

Initial management is reduction. The patient is sedated. Posterior dislocations 
are reduced by flexing the patient's knee, applying traction in line with the 
femur, and adducting the hip. Anterior and obturator dislocations are reduced 
by pulling in line with the femur while an assistant pulls the thigh laterally. For 
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anterior dislocations, the hip is also rotated internally. Straight traction is safe 
in the reduction of hip dislocations. Internal and external rotation must be 
performed very gently because of the risk of fracturing the femoral neck. If 
reduction is not possible with intravenous sedation, the patient is anesthetized 
in the operating room, and reduction with the aid of fluoroscopy is perfonned. 
Interposition of the capsule and external rotators in the acetabulum may pre­
vent closed reduction, necessitating open reduction. 

Defiultlve Mauagement 

Definitive management is skeletal traction until a cr scan has ruled out any 
intraarticular fragments. Initial weight bearing is started and gradually in­
creased over 6 weeks. Surgical intervention is necessary for irreducible dislo­
cations and to debride the joint when the reduction is not concentric. If the 
dislocation is posterior, very little posterior dissection is necessary once the glu­
teus maximus has been split. The acetabulum is cleared of debris and the 
femoral head is reduced. Care is taken to preserve the posterior blood supply. 
Postoperative management is as described under ''Initial Management," above. 

ComplicatloDJ 

Complications of acetabular fractures and hip dislocation are posttraumatic 
arthritis, heterotopic ossification, avascular necrosis, and instability. Arthritis 
is characterized clinically by pain with motion and radiographically by loss 
of joint space and formation of osteophytes. Management is conservative, with 
nonsteroidal anti-inflammatory drugs. If conservative management fails, pa­
tients are considered for arthroplasty. 

Heterotopic ossification is more common following an extensile surgical 
approach and when there is concomitant head injury. Indocin decreases the 
severity of heterotopic ossification and is administered to patients who are 
not threatened by a prolonged bleeding time. Once heterotopic ossification has 
been diagnosed, passive range-of-motion exercises are stopped for a minimum 
of 8 weeks, or until the bone mass shows radiographic signs of maturing. The 
position of the hip is determined. If it is not in a position of function (i.e., 0 de­
grees of abduction, 10 to 20 degrees of flexion, and neutral rotation), the pa­
tient is placed in skeletal traction to improve the alignment, because there is 
a high probability of ankylosis. The bone mass may be excised after it ma­
tures. Maturity is indicated by normal serum alkaline phosphatase levels and a 
cold bone scan. More recent evidence suggests that earlier excision may be 
safe. A vascular necrosis of the femoral head is rare after acetabular fracture 
or hip dislocation. Its diagnosis and management are covered in Chap. 17. 
Chronic instability is extremely rare after dislocation without fracture; it 
has been successfully managed with imbrication of the posterior capsule of the 
hip joint. If there are no signs of posttraumatic arthritis, chronic instability 
after acetabular fracture is managed with reduction, stabilization, and bone 
grafting of the nonunion. If there is arthritis, an arthroplasty or arthrodesis is 
performed. 
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17 Intracapsular Fractures 
of the Proximal Femur 
Arsen M. Panlrovich John A Elstrom 

The "unsolved" fracture remains a significant clinical problem, although much 
has been done to solve it. This chapter presents the anatomy of the proximal 
femur, including its inner architecture and vascular supply, etiology and 
mechanism of injury, initial management, diagnosis, definitive treatment, 
complications, and some future avenues. The major categories of fracture in 
this area are low-energy fractures of the femoral neck, high-energy fractures 
of the femoral neck, and fractures of the femoral head. 

ANATOMY 
Gross ADatomy 

The femoral head and neck extend proximally from the intertrochanteric line an­
teriorly and from the intertrochanteric crest posteriorly (Fig. 17 -1). The femoral 
head forms an ovoid depression, the fovea capitis, just distal and posterior to 
the medial border. The ligamentum teres is attached to the fovea capitis. 

The joint capsule is attached proximally to the acetabular edge, distally to 
the intertrochanteric line anteriorly, and posteriorly to the neck surface about 
1 to 1.5 em proximal to the intertrochanteric crest. A number of nutrient canals 
are present on the surface of the neck and at the junction with the head. Reti­
nacula, the ascending fibrous bands that extend over the neck surface, con­
tain blood vessels and are covered by synovium. 

Blood Supply 

The blood supply to the femoral neck and head is derived from the extracap­
sular arterial ring situated at the base of the femoral neck (Fig. 17 -2). The an­
terior and posterior parts of the arterial ring are derived from the lateral and 
medial circumflex arteries, respectively. 

Ascending cervical arteries, from the arterial ring, perforate the capsule and 
become retinacular vessels. Usually there are three to eight posterosuperior 
arteries that supply the femoral head and one to three inferoposterior arteries 
that supply the metaphyseal neck; there are only a few arteries on the anterior 
surface of the neck. The artery of the ligamentum teres, a branch of the obtu­
rator or medial circumflex artery, supplies the bone around the fovea capitis and 
often is not patent in elderly individuals; thus its contribution to the blood sup­
ply of the femoral head is not significant. Blood supply to the femoral neck is 
also derived from the ascending nutrient femoral vessels. 

Bone Structure 

The structure of the femoral neck and head consists of cancellous bone. A 
rather thin cortex covers the neck anteriorly and posteriorly and dense bone 
fOIID8 calcar femorale, which extends from below the femoral head and infe­
rior surface of the neck to the proximal medial wall of the shaft. The dense 
structure of calcar femorale is the result of osseous response to the stress 

264 



17 ltnRACAP8ULARI'IWmiREIOF1HE PRODIAL flii&IR 265 

Anterior Posterior 

FIG. 17 ·1 The osseous proximal femur. (1) Greater trochanter. (2) Inter­
trochanteric line. (3) Intertrochanteric creat. (4) Lesser trochanter. (5) Femoral 
neck and calcar femorale. (6) Fovea capitis. 

foR:es. whic:h pass tbrough it from the pelvis fo the femoral abaft. A lhiD sub­
chondral plate covers the cancellous bone of the femoral head. and ita sur­
face is covered widl the hyaline articular cartilage. No blood vessels pene­
trate the subchondral plate, and the articular cartilage receives itll nutrition 
from the joiD1 fluid. 

Anatomic sections and radiographs of the proltimal. femur allow a trabecu­
lar paUcm that follows the mechaDic:al pdnciples and COJ:Iesponda fo 1be .math­
emaDcaliiii.Biytic predictions made by Koch (Fig. 17-3). 

Mectid I.10JIIIRllllive and latmd temile 1nbeculae exist md essemially c:ross 
each other pe~pendicularly (Fig. 17 -4). Thinning of these trabeculae and a 
decline iD their numba-zeflect the degnle of osteoporosis iD the femoral head 
and neck. 

Gardea CODduded that pjJmiDg aloag die compm~sive and falsjh, trabecu­
lae would create a stable fixation configuration. His fixation system did not 
prove his theoretical CODclusions in osteoporotic bone, although no system has 
wcnbcl well iD bone so affected. Singh had advanced 1111 index of osteoporosis 

FIG. 17-2 The vascular supply of the proximal femur. (1) Artery of the liga­
mentum terea from obturator artery. (2) Ascending cervical arteries, which be­
come retinacular V8SSels. (3) Arterial ring (posterior view). (4) Femoral nutrient 
ve8891s. (5) Medial femoral circumflex artery. 
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FIG. 17-3 Koch's mathematical model of the trabecular architecture of the 
upper femur In response to stress loading. 

based on lbe dlaDges and decmlse .iD 'I1UIDber of1mbcculae .iD lbe femoia1 bead 
and neck. bu18CIIlal staging on lbe contralateral side is ofu:o diflicult when lbe 
quality of the x-my images is not adequate. 

Ceatnl.Am and AUgameat IDda 

The angle formed by d1c central axes of lhc femoral neck and shaft, an antero­
posterior central index, usually greamr .iD cbildreD, is about 125 to 140 degrees 
in an anteroposterior plane, and the neck is anteriorly oriented (antcvertcd) 
about 10 to 15 degrees in dlc lateral plane (Fig. 17-5). The alignment index 
(Garden) is not always eaaily determined (and its linea drawn) because of the 
fan-shaped discribution of the trabeculae. 

LOW-ENERGY FRACTURES OF THE FEMORAL NECK 

Etloiegy 

Hip fractures occ:ur more often in women than in men. Although it baa been 
establisbed that osteoporosis develops earlier in white women than in men or 
individuals of otha races and that it might pmlispoBe to hip f:ractuies, osteo­
porosis alone does not cause a fradnre. Yet low bone density is often present in 
thoae elderly women wbo sustain these fractures. Clearly, a fall to the hip in tbe 
vicinity of the greamr troc:bamcr produces afcm:e strong enough to C8IJSe afrac... 
turc. Bxtcmal rotation of lbe extremity during the fall causes C:OIJllRSsion of 

1 

5 

FIG. 17-4 Distribution and patterns of trabeculae in the upper part of the 
femur. {1) Principal compression group. (2) Ward triangle. (3) Secondary com­
pression group. (4) Secondary tensile group. (5) Greater trochanteric tensile 
group. (6) Principal tensile group. 
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1and2 

FIG. 17-5 (1) Central axis, (2) alignment index. 

the posterior mrface of the femOilll neck on the lip of the acctabulum, causing 
a li'&ctuie, oftc:D comminuted. Otila" comributing factors have been implicated, 
such as inactivity with loss of muscle mass, muscle weakness, and loss of body 
fat; whereas rumnally,lllll8Cl.e and body fat absom some of the applied energy 
and thus decrease 1he impact on bone. Conditiona that can decrease bone den­
sity, such as ~diet and alcohol. intab, and those that migb1 came weak­
ness, dizziness, and malaist>-Such as dehydration. a syncopal episode, or a 
chronic disease-would predispose a person to a fall. These fractnres occur 
mostly at home aalbe patient ill sbmding or walking. A frequently posed ques­
tion as to which came lint, a f:ractme of the femoral neck that led to a fall ar a 
fall1hat led to a fracture. has not been cleady answered, al1hough a fracture pre­
ceding a fall, m indirect mechanism. would probably be a rare event. However, 
some authors believe that the incidence of such indirect fractures is higher 
thm suspected, since the cyclic sm:ssD1g of die osteoporotic femoral neck can 
cause a stress fracture that then leads to a complete indirect fracture and re­
sults in a fall In mch cases patients report pain and discomfort in die hip area 
prior to B. fall. 

CluaUicatlon 

In determining fracture type. three criteria should be applied: 

l. Location of the fractwe. 'Ibis ill usually described aa subcapital. l:llmscer­
vical, or buicelvical (Fig. 17-6). 

2. Inclination of the fracture line to the horizontal plano--the Pauwels' cJas.. 
sificati.on system. It defines stability of the fracture as follows: type I is 

FIG. 17-8 Fracture zones: (a) subcapital, (b) transcervical, (c) basicervical. 
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FIG. 17-7 Pauwels' classification system. 

inclined about 30 degrees, type II is incl.ined about 50 degrees, and type 
m is incl.ined about 70 degn:es. 1bc angle of inclination (Fig. 17-7) is of 
clinical importance, as an angle below 30 to 40 degrees is essentially per­
pendicular to the primary com.preallion trabeculae. thus compreasing the 
~ fiagmenls and producing stability at the fracture site. When the an­
gle of incl.ina1:ion is about 70 degrees. somewba1 in the direction of the ten­
sile trabeculae. shearing forces acting on the fragments lead to instability 
at the filu:tun, Bite. 

3. Relanon of the fracture fragments--Garden classificali.on system: type I 
is incomplete and impacted; type II is complete and undisplaccd; type m is 
complete and. partially displaced but with an intact pcmerior retinacu1ar lig­
ament; and type IV is completely di5p1aced with disruption of all retinac­
ular veasels (Fig. 17 -8). 

The relation of the fragmentll and their contact is important for siBbili.ty at 
the :liacture site, since impBcted :liactures, ofteu in various degrees of valgus, 
promote com.presllion and stability. Completely displaced fractures, on the 
other hand, often have comminution of the posterior neck, creating an unsta­
ble :liacture even after intemal. fixation; they have a potential for IWil1D1ion and 

FIG. 17-8 Garden's classification system. 
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FIG. 17-9 A Garden type I or AO-OTA type 81. B. Garden type Ill. C. Gar­
den type IV. 

loss ofblood supply to the bead This last sets the stage for the developmeut of 
avascular necrosis. 

Garden used these criteria in his classification and was of the opinion that 
the various types of femoral neck fractures represent only different stages of 
the injury (Fig. 17-9). 

The stable., impacted vaJaus fracture has been classified by the Association 
for Osmosyntbcsis-Orthopacdic Trauma Association (AO-OTA) as type Bl 
(Fig. 17-9A). 

The oompletely displaoed frBctnre with head in VBniS position has been cJ.as.. 
sific:d by AO-OTA as type 83 (Fig. 17-lOA). 

The completely displaced fracture in the transcervical region with a ver­
tical (steep) fracture line has been classified by AO-OTA as type 82 (Fig. 
17-lOB). 

A 

f?\J 
FIG. 17-1 0 A AO-OTA varus-vertical type 83. B. Varus-adduction type 82. 
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DIAGNOSIS AND INITIAL MANAGEMENT 
BlatoJy and Ph,ysical EDmiDafJon 

'There is usually a history of a fall. 'The main complaint is of groin pain. par­
ticularly when the cxlmllity is moved. ShortmDDg in cxtcmal rotation of the 
involved extremity might be present, though not alway& pronounced. Palpa­
tion below 1he mgoinum clicils pain. Rxaminaticm. oflhc circulatory ami neuro­
logic status is mandatory, as cardiovascular syncopy or initial stroke could 
bave caused the fall. Other cardiovascular, pulmonary, and genitourlDuy 
problems are evaluated. 

~hh:Ezamlnaf!oa 

An anteroposterior radiograph of the pelvis and anteroposterior ud lateral 
radiographs of the hip are obtained. 

IJaillal Management 

The medical sitnation is evaluamd and appropriate laboratory tests obtained. 
Tbese usually iDdude an elec1rocaidiogram. chest radiograph, complete blood 
coUld, chemistries, and uriDalysis. If a fracture was detootcd on the radiographs, 
Buck's lraction is applied with a pillow UDder 1he lmee for displaced :fnu:tules, 
or positional sand bags can be used. Procedion of the sacral area and the beets, 
common sites of decubiti, is required. Patientl with undisplac:cd fractues 
should be 1l1mCd carefnlly. The padem's medical condition should be as opti­
mal as possible for surgery; confoundiDg medical problmui can take 24 to 48 h 
to be stabilized. This is the responsibility of the medical consultant. 

H there is concem that m occult fracture of 1he femoral neck might exist 
in spite of negative radiographs, further testing is mandatory. This usually 
meam tbat tbe patieDt has groin pain ami some pain on motion of the hip. An 
immediate magnetic resonance imaging (MRl) or computed tomography (C'l) 
scan of the hip will most l.ik:ely detect a fractme (Fig. 17-llA and B). Boue 

A 

FIG. 17-11 Imaging of the suspected fracture. A. Bone scan. B. CT scan. 
c. tJIRI of the same hlp. 
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scan is often positive only when done 2 to 3 days after injury (Fig. 17-11C). 
It is important to avoid missing the occult femoral neck fracture, as displace­
ment of a fracture that could have been treated by simple hip pinning is an em­
barrassment for the surgeon. 

It has recently been reported that femoral nerve block significantly im­
proves pain control and decreases the need for analgesic injections. This also 
facilitates the patient's mobility in bed and nursing care. 

HISTORICAL PERSPECTIVE IN TREATMENT 

Fractures of the femoral neck must have been known to occur for ages, yet it 
was only in 1823 that Cooper described the associated anatomic findings and 
physical signs, noting the common nonunion at the neck and avascular necro­
sis of the femoral head. After x-rays were introduced as a diagnostic tool at the 
beginning of the twentieth century, the diagnosis was readily made and the 
first classifications described. 

Treatment was bed rest, with all its attendant problems. Whitman described 
treatment in a spica cast and the still high mortality. Cotton tried to convert 
displaced fractures into an impacted type by striking the padded greater 
trochanter with a mallet, but the results did not improve much, as bed rest 
and spica casting were still disastrous. Leadbetter described a less traumatic 
reduction maneuver. 

Internal fixation of fractures of the the femoral neck, though attempted pre­
viously, was established in the 1930s when Smith-Petersen introduced a tri­
flanged nail. Subsequently, the originally solid nail was cannulated to allow 
for use of a guide wire (Johansson), a side plate was added (Thornton), and the 
nail and side plate were combined in a single device (Jewett). Massie and Pugh 
sliding-nail plates and several similar designs of sliding-screw plate systems 
have been marketed at various times. A number of threaded pins were also 
introduced (Moore, Knowles, Gouffon, Deyerle, AO/ASIF cancellous screws 
6.5 mm in diameter, Asnis cannulated screws, and the Garden long threaded 
screw system). 

Another milestone was reached when prosthetic replacement devices were 
designed and introduced in the treatment of displaced femoral neck fractures. 
Independently, the Judet brothers in France produced an acrylic prosthesis; 
then Moore, and soon thereafter Thomson, in the United States, described 
prostheses made of stainless steel. Since then, a bipolar prosthesis with a sec­
ond gliding and beating surface was introduced by Bateman in Canada and!<>­
tal hip replacement by Charnley in England. 

TREATMENT OF WW-ENERGY FRACTURES 

The treatment of femoral neck fractures is surgical. Prolonged recumbency, 
particularly in frail patients of marginal health, leads to cardiopulmonary com­
plications, thromboembolic incidents, and the development of decubiti. Sur­
gical treatment should be considered a semiemergent procedure. Medical sta­
bilization of a sick patient must be carried out prior to surgery. Following 
surgery, patients have less pain and their mobility is facilitated. They can am­
bulate with a walker and bear some weight. 

Surgical methods involve either pinning or hemiarthroplasty, although total 
hip replacement is also occasionally indicated. 
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PINNING 
Sargical Teclmpae 

Pemmmeousl.y or through a small incision. two to four pins are intnJdw:ed lat­
erally at the base of 1hc 1rocbana and. UDder tbe contml. of an .imap iDtcmi.­
fier, iDierted through dle femoral neck into the femoral head (Fig. 17-12). 

ADatomk RedudioD 

Ill a large series of hip pimlings of diaplaced fractures, it was shown that 
IID8tomic reduction of the fracture along with a type of fixation that provides 
stability at the fradure site was essential to healing. Inserted pins or screws 
should be parallel in order to allow for further impaction of the head on the 
neck if resorption OCCIIrS at the fracture site. 1he deDsest boDe in the femoral 
head is subchondral. and screw~~ should penetrare to within S mm of the sub­
chODdral plate. A diaplaced fracture of the femoral neck can be reduced with 
traction and slight extcmal rotation uaing a fracture table and an image inten­
sifier, dlen in1emally roCatiDg the limb to bring the femoral neck into alignment 
widl the femoral head. Occasionally, a medially directed fcm:c at the greater 
ttocbanter will be be.fic:ial in impeeting the femoral head in slight valgus. An 
acceptable reduction finds the femoral head in no more 1han 20 degrees of val­
gus (or an AP central axis of ISO degrees). An anterior angulation of more 
dum 20 degrees should alao not be accepted. Elu:essive valgus often leads to 
avascular necrosis, and excessive apex anterior mgulation often leads to 
nonunion. If a satisfactory reduction cannot be obtained, open reduction 
through a Wwon-Jones approach or hemiat1hroplasty should be carried out. 

Complbtloas 

Avascular necrosis of the femoral head is a common complicaliou, although 
it i11 not caused by pinning. Garden and otherll have observed that exce~~llive 
valgus in .impacted fmCCURs is allen associated wid1 and ~ly a cause 
of avucnlar necrosis. Proximity of the retiwwular vessels to the surface of 

FIG. 17-12 Pinning of an impacted fracture of the femoral neck with can­
cellous screws. 
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the neck .ma'lals them vulDenbl.e. and they can be severed by fracture fng­
ments. Yet even in completely displaced fradure8 (Oarden type IV), at least 
some retirulcular vessels, though compressed and UDder teDsion, might retain 
their patency and restore the blood supply following reduction of the fracture 
and pinning. 

Penelration of pins into the hip joint or cutting out af the head ia often seen 
after pinning of displaced neck fracturea, partic:ul.arly when bone is osteo­
porotic.l...ikewiac, nommion may develop. Hemiarlbroplaaty and total hip re­
placement ~ways of 1mlting these complicatiom. 

HEMIARTIIROPIASTY AND TOTAL HIP REPLACEMENT 
lmpJaab 

A unipolar implant is a single-piece unit or a modular system that allows for 
the components (bead. neck, and stem); it is selected to fit the size of an indi­
vidual patient and, if necessary, can be converted to a total hip without chang­
ing the stem. A bipolar pt061hesis hu m iDt=posing cup with an imler plas­
tic (polyethylene) bearing and gliding surface; it is snapped onto a metallic 
head. Its outer metalfu: surface fits dle acetabulum (Fig. 17-13). 

Tedml4ue 
Through a postmior or anterol.almil incision, the hip capsule is exposed and 
opened. The femoral head is extirpated, the femoral neck appropriately 
trimmed, and dle medullary Clllllll reamed for the stem of the prosthesis. The 
size of the components is determined and they are iDselfed (cemenmd or not). 

Complh:attau 

This procedUie is definitive and without the problems of nonunion and avas­
cular necrosis. The number of reoperations when compared to pinning is 
significantly less. However, the ~ure is larger, the procedure lasts longer, 
the blood los11 ia greater, and bone cement, a toxic material, i11 used. Peri­
operative complications are more numerous and include blood replaoement, 

FIG. 17-13 Cemented bipolar prosthesis. 
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cardiopulmonary complications, thromboembolic incidents, posterior pros­
thetic dislocation following the posterior capsular approach, deep infection, 
periarticular calcification, and myositis ossi:ficans; all of these are more com­
mon than after pinning. Osteoarthritis and protrusio acetabuli can develop 
from prosthetic pressure on the acetabular cartilage after unipolar and bipolar 
replacements. 

INDICATIONS IN TREATMENT OF FEMORAL NECK FRACTURES 

The primary indications for pinning of the femoral neck fracture are impacted 
and nondisplaced fractures (Garden types I and II) and displaced fractures 
(Garden types m and IV) in younger individuals and older patients with nor­
mal bone density. In fractures with more advanced osteoporosis and com­
minution of bone, when internal fixation is desirable, a sliding hip screw-plate 
system has been recommended in order to provide stability at the fracture 
site. Insertion of an antirotation screw is indicated in such cases. Historically, 
the Deyerle plate-multipin system had the same rationale. Primary indica­
tions for unipolar or bipolar hemiarthroplasty and femoral neck fractures or 
displaced fractures (Garden types III and IV) exist in elderly patients with 
osteoporotic bone whose life expectancy is relatively limited (5 to 10 years) 
and who probably would not need further surgery due to failure of the implant. 
It is concluded from meta-analysis that internal fixation and arthroplasty pro­
vide similar pain relief and functional outcome. Internal fixation provides a 
significantly higher number of revision operations. Arthroplasty is a longer 
procedure with greater blood loss and thus higher perioperative morbidity; 
it significantly increases the risk of infection and possibly causes a higher 
rate of mortality. Failures of pinning of displaced fractures of the femoral neck 
(Garden types III and IV) are likely dne to comminution of the posterior wall 
of the neck, a condition found to be present in 70% of such cases. 

The primary indication for total hip replacement in femoral neck fractures 
is preexisting arthritis or other underlying acetabular pathology, such as Paget's 
disease. Another situation that is gaining acceptance is a displaced fracture in 
a patient with good health whose life expectancy is at least 5 to 10 years, as 
such a patient needs a device that would not fail during their remaining years. 
Cementing of the femoral stem is the preferred method in osteopenic bone. 

ComplicatloDJ 

Mortality at 1 year for a patient with a femoral neck fracture approaches 30%. 
Infection can be managed by a two-stage revision with removal of components 
and implantation of antibiotic beads and intravenous antibiotics. If the hip 
has been pinned, the femoral head will usually have to be removed; if a pros­
thetic replacement has been performed, the prosthesis, along with any other 
foreign material such as cement, will have to be removed. Subsequent recon­
structive procedures are usually required. 

FUTURE AVENUES 

Recent developments in hip replacement include minimally invasive surgery 
(MIS). Three approaches appear best suited for elective procedures: a modi­
fied Smith-Peterson and Watson-Jones approach and a two-incision approach 
(Berger) in which an anterior minimal incision is combined with reaming of 
the femoral canal through a separate supratrochanteric incision for passage 
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of flexible reamers 1lllder imaging control. Although used mostly electively 
in patientl!l with hip artbritis, MIS procedures are even more suitable for small­
framed, frail patients with femoral DeCk fractuies. The procedures are felt to be 
less tranmatic to the soft tissues and periopemtive medical complications are 
fewer, so early discharge of the patient is pouible. 

Reinforcement at the fracture site in the femoral neck has been studied in 
the laboratory and in clinical settings. Calcium phosphate cement (Norian 
SRS) has been oseful in dcntilllly and in the tmdlnent of :liactun:s of the dia­
tal radius. Pwtber research will hopefully produce better Dl8lerial and surgical 
techniques, as reinforcement of osteoporotic and ccmminuted femoral head 
and neck ftactores seems a logical UBe. 

HIGH-ENERGY FIIACTURES OF ftiE FEMORAL NECK 

Typically, the patient is a younger individual involved in a high-energy 
trauma. Accompanying multisystem injuries are common. 

Clusl.fic:atioll 

Five types have been recognized: type I, umtisplaced neck l'nlctuta; type U. 
simple displaced neck fractures; type m, ccmminuted displaced neck frac­
tures; type N, fractures with IISIIOciatcd fracture of the acetabulum or femur 
(Fig. 17-14); and type V, neck fractures that occur or are recognized during 
antegrade nailing of the femoral shaft fractures. 

l)qgnolfl and lnltill Management 

A high degree of suspicion is necessary to detect femoral neck fractures in 
cases of high-energy injuries of the pelvis and femur. Routine plain hip radio­
graphs are indicllled and, if necessary, MRI and cr studies, since early diag­
nosis of an undisplaced ftacture is important to prevent subsequent di.splaoc­
ment, particularly during antegrade nailing of a femoral shaft fracture. Skeletal 
traction preopendively must tBke into account that discontinuity of the femur 
~ 1laction at the fracture site in the neck. 

DefiDIIIve MIDagenumt 

Salvage of the femoral lad is the primary consideration. Type I (UIIdisplaced) 
fractures are stabilized with percutaneous caonlllaiOO screws. Type n (simple 
dillplaced) :fractures are reduced closed. If there is any doubt as to the adequacy 
of reduction., open reduction through a Watson-Jones approach is indicated. 

f?~, frO 
f'\0 !YJ'em 
l ~ !YJ'e n type IV 

FIG. 17-14 Classification of high-energy fractures of the femoral neck. 



276 HANDBOOK OF FRACTURES 

Percutaneous cannulated screws or a compression screw-plate are used for fix­
ation. Type ill (comminuted) fractures are exposed tlrrough a posterolateral 
approach with the patient in the lateral decubitus position. The neck is reduced 
and stabilized with a compression screw and side plate. Bone grafting of the 
posterior neck is indicated. In type IV fractures associated with fracture of 
the acetabulum or femur, stabilization of the fractured femoral neck is the 
primary goal. ff there is a posterior fracture of the acetabulum or hip disloca­
tion, the femoral neck is approached posterolaterally. A femoral neck frac­
ture with dislocation of the femoral head from the acetabulum may require hip 
replacement if there is significant displacement and the retinacular vessels 
are tom. In ipsilateral neck and femoral shaft fractures, fixation of the neck is 
done first and stabilization of the femur is accomplished by retrograde nail­
ing or plating through a minimal incision if possible. In type V injuries, after 
the neck fracture is recognized during antegrade nailing, an attempt at neck 
fixation is made around the rod or tlrrough reconstruction holes if present. ff 
the reduction is not perfect or fixation could not be obtained, the femoral nail 
is removed, the neck pinned, and the femur fixed by retrograde nailing or by 
means of a plate. In younger patients, it is recommended that closed or open 
reduction with capsulotomy be accomplished within 8 h in hopes of reducing 
the incidence of avascular necrosis. 

Complicalio111 

Common complications are nonunion of the neck and avascular necrosis of the 
head. Treatment of these complications is controversial and difficult. Renail­
ing and grafting and a variety of osteotomies have been utilized, with unpre­
dictable results. Theoretically, core decompression and a free pedicle bone 
graft are of value in the management of avascular necrosis if done before 
arthritic changes occur. Often, the only choice is bipolar hemiarthroplasty or 
total hip replacement. 

STRESS OR FATIGUE FRACTURES 

Two types have been described by Devas, each corresponding to the primary 
tensile or compressive trabeculae. In the transverse (tensile) type, the initial in­
fraction is in the superior cortex of the neck, with a tendency toward com­
plete fracture and displacement. In the compression type, the bone adjacent 
to the calcar is the site of initial infraction, without a complete cortical calcar 
break, and it is noted on x-rays as a dense area of callus formation; the fracture 
is stable and shows minimal tendency toward displacement. It is felt by most 
surgeons that internal fixation by two or three pins or screws is indicated in or­
der to eliminate groin pain and the possibility of progression into a complete 
or a displaced fracture. 

FRACTURES OF THE FEMORAL HEAD 

Classification 

The third type of intracapsular fracture of the femur is fracture of the femoral 
head. These fractures are invariably associated with a dislocation of the hip 
joint. They are classified into four types. In type I, the fracture is below the 
fovea capitis. In type II, the fracture line extends above the fovea capitis. Type 
ill and IV fractures are type I or type IT injuries associated with fracture of 
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1YPe IV 

FIG. 17-15 Pipkin classification of fracture types of the femoral head. 

the femoral neck or the acetabnlar rim, respectively (Fig. 17-15). Associated 
injuries ID the knee and sciatic nerve or other systems are common. 

Diapolil 

The physical findings 1m' those of poatmior dislocatioD of the hip. The bip is 
fl.exed and adducted and the extremity shortened. Rarely, the hip will be dis­
located mteriorly with a ~ of the superior pol1ion of the fCDWilll head. 

Radlofraphk Eumfnatbm 

Anterior and lateral radiographs of the hip indicate a dislocation with a re­
tained f'raglnoot of the femoral head in the acetabulum. Computed IDmography 
confiims 1hc exact diagnoaill. 

Managemeal 

Initial management is reduction of the dislocation. Type I. II, and IV frac­
tnres are reduced closed. Type m fractures are reduced under anesthesia and 
an atlempt il made to moniiDr the progress of the mluclion fl.uorollcopicay. 
Closed reduction should be terminated and openreduclioo performed. if the fem­
oral neck fracture starta to displace. Even if the dislocation can be reduced 
without displacing the fracture., immediate intemal fixation of the femoral 
nook should be undertaken, 

Definitive management is surgical Type I fractures can be treated arthro­
scopically by removal of the loose fragment, aa it is usually small and from a 
non-weight-bearing portion of the femoral head. Open excision of the frag­
ment is llll01:hm' option. A number of difi'emlt situations may exist. If 1hcrc baa 
been a failnre of closed reduction and 1be hip dislocation is poaterior, it should 
be reduced through a posterior surgical approach. CT ia helpful in identifying 
the p.reiCilOC and l.ocalion of in1raal1icular ftagmenls aa well as femoral neck 
or acetabalar fnlcmres aasocia!ed with type m and IV injuries. Since reduction 
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aDd .iDtcmal fixation of fractlns of the femoml head and neck tbrougb a pos­
terior approach is problematic, it is sometimes useful to place the patient on a 
fracture table in the lateral position aDd apply skeletal traction through the dis­
tal femur so that an anterior approach can be undertaken simultaneously. An­
odlcr alte:mative would be a delayed 8Dtclior appiOfiCh with the patient supine. 
using a femoral distractor. If a small femoral head fragment is going to be 
excised followiq closed Ieduction, a preoperative cr acan is helpful in de­
tennining the approadL Anterior and inferior fragmenta should be approached 
auteriorly or)Rfelably artbroscopk:aDy. 

TypeD fractures are lllllllllged by combined ll1tbroscopic fragment reposi­
tioDiDg and saew fixation UDder fluoroscopic COD1rol An open anterior ex­
posure of the hip joint allows a fracture fragment to be repositioned and fixed 
wid! cancelhms lag IlCEA'S imcrted from the superior aspect of the neck. ~ 
duction and fixation are indic:atM for pemistcnt fracture displacement greater 
than 1 mm. 

Type m fractures are reduced under anesthesia with fluoroscopic control 
and immediately fixed.. Open reduction with intemal fixation of the femoral 
neck fracture (and. if pouiblc. the femoral head fracture) is safer as the risk 
of displacing the femoral neck fracture is reduced. 

Type IV t'racturea often require open reduction and internal fixation of 
the acetabular fracture combined with excision or fixation of the femoral 
head fragment. An example of a complex f'racture-dislocation is presented 
(Fig. 17-16). 

Complkatloas 

Long-tam complications include posttraumatic utbrosis and avascular necro­
sis. Heterotopic ossification may be treated prophylactically with indo­
metbaciD 1hree times a day. 

FIG. 17-16 A complexfractu~dislocation of the hip. A Initial radiograph 
shows fracture of the femoral neck, dislocated femoral head rotated laterally, 
and a fracture of the acetabulum. B. CT scan shows described lesions. C. Post­
operative radiograph shows a cemented bipolar prosthesis reduced Into the 
anatomically reduced and fixed acetabulum. 
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Prognosis 

Type I femoral head fractures do well with closed reduction followed by 
4 weeks of traction. Patients who have fragment excision do not seem to do 
as well. These injuries are usually not treated by open reduction and internal 
fixation. 

Patients with type IT fractures treated by open reduction and internal fixation 
(which would require a division of the ligamentum teres) seem to do as well as 
those treated by closed reduction and traction if fracture displacement does not 
exceed 1 mm. 

Type III and N fractures and anterior fracture-dislocations have the 
poorest prognosis. with a high incidence of complications requiring hip 
artlrroplasty. 
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18 Extracapsular Fractures 
of the Proximal Femur 
Enes M. Klmlic Miguel A. Pirela-Cruz 

This chapter covers the fractures of the trochanteric area of the proximal seg­
ment of the femur, often referred to llli extracapsular fractures, and the frac­
tures of the subtrochanteric area of the diaphyseal segment of the femur. 

Pertinent anatomy is discussed and a classification presented. Diagnosis, ini­
tial and final management, associated injuries, and complications are described. 

ANATOMY 

The proximal extent of the trochanteric segment of the femur is the inter­
trochanteric line anteriorly and the intertrochanteric crest posteriorly. The dis­
tal extent of the trochanteric segment is the lesser trochanter. The calcar is a 
thick plate of bone underlying the lesser trochanter. As the calcar extends 
proximally, it coalesces into the cortex of the posteromedial surface of the 
femoral neck. Avulsion of the lesser trochanter with a major part of the cal­
car creates a bone defect and makes the fracture unstable. 

The neck-shaft angle of the femur in adults is approximately 125 degrees. The 
femoral neck is anteverted with respect to the transepicondylar axis by about 
10 to 15 degrees (in Asian populations up to 30 degrees). The center of the 
femoral head is positioned 1 to 1.5 em anterior to the axis of the femoral shaft 
as seen on the lateral radiograph. The femoral shaft is bowed primarily anteriorly 
and slightly laterally, which is of importance in adapting the fixation devices. 

The trochanteric area is formed mostly of cancellous bone with numerous 
muscle attachments, particularly in the region of the greater trochanter. The 
vascular supply of the trochanteric area is abundant and its healing potential ex­
cellent. The subtrochanteric area is formed of cortical bone and also has a good 
blood supply, which may be damaged by the injwy or at a surgical intervention. 

CLASSIFICATION 

It is common to discuss fractures located in the proximal5 em of the diaphyseal 
segment of the femur-the subtrochanteric fractures.--together with the frac­
tures of the trochanteric area. Subtrochanteric fractures behave biomechani­
cally essentially the same as unstable fractures of the trochanteric area; thus 
they are treated in the same way. They behave differently than the fractures of 
the rest of the diaphyseal segment, considering mechanical forces acting on 
the fracture site. The contribution of the lateral cortex of the trochanteric area 
to the stability of a fracture in this area must be considered in determining dif­
ferent fracture types (Fig. 18-1). 

In deciding to which segment or area of the proximal femur a particular 
fracture belongs, it is important to find the ceuter of the fracture. The term 
center means what it says. However, while the center of a simple fracture is 
apparent, the center of a wedge fracture lies where the wedge is the broadest; 
the center of a complex fracture is usually identifiable only after the fracture 
has been reduced. Thus the center of the fracture determines its anatomic area, 
even if it extends to areas above or below. 

281 
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FIG. 1 ~ 1 Trochanteric and subtrochanteric areas of the proximal segment 
of the femur. 

Some clarification of the terminology used by the Association for Os­
teosyDtheaia-Orthopac Trauma Asaociation (AO.OTA) in thi& classifica­
tion is needed. The word pertroclumterlc is commonly used in the German 
litcllltue. It originates from the Latin word per, which mcana "lhrough." It 
conld be confusing if the term were mistabnly understood to mean peri­
troc:bantaic, as that would place the fnu:tme in a location peripheral to the 
trochanteric area. The term pertrocluweric fruc~~ue as used by AO-OT A des­
ignates fractures that do not cross the lalmll c:mtex of the trochlmteric uea but 
extend only from the femoral tnbercle to the lesser trochanter. On the odler 
baDd, ~ frlldunlll involve the 1atmd concx andextmd to the 
medial cortex. The designations per- and intertrrJcluweric fracllue indicate 
the pm:ise locations of the three fm~ types. 

Terminology in the Bnglishliterature most often designams all fractnres of 
the trochanteric ama as intr.rtrocbantmc fractnres. 

The classification creamd by Bvans (1949) is well known and recognized as 
practU;al. This classmcaticm is the basis of every other classification and is still 
very useful Five types are described (Fig. 18-2). Evans raised the concept of 
stability in trochanteric ~s. 

k is important to recognize the degree of stability of a fracture from its 
anatomic configuration and consequent biamechanical behavior. 'I'bcae factors 
are then applied to deciding on the type of fixation device that would provide 
the optimal dcpe of filiation. 

Trochaaterlc Fnduru 

Stable fracture cmdlguratlolls (Bvana type11 A and B) are lbo8e with the JIOII­
teromedi.al cartex ildact or miDimally I.10IIIDiinuted the postleductiw configu­
ralion in these two types is mecbaDically stable and allows for use of a variety 
of fixation devices. Ullltable fracture cmflgundoDI (EVliiiS types C mel D) 
have extenaive poatcromedial comminution, bone-to-bone contact caonot be 
achieved fully, and the fracture site is mechanically unstable. In type C frac­
tures, the IDteNI cortu is mostly intact, and although the postreduction con­
figuration is unstable ~bmically, many surgeons still use extrameclullary 
fixation dcvica.In typeD fradures. the lateral cottex is clearly violated. the in­
stability is bicortk:al and therefore JDOJe cliffic:u11 to control. and intramfldul1ary 
dcvica are most effective. 
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FIG. 18-2 Evans classification of trochanteric fractures. 

1D ~ with IeVCrSe obliquity (EvaDS type E),lhe :m.aiD fl:actUie liDe .ia 
essentially parallel to 1he femoral neck axis and traverses the l.ateral. cortex. 
Thse fractuies ~R uuatable even when COJDIIIiDution ia abseut because tbere 
is a tendency for medial displacement af the distal fragment. The8e fracture& 
appear to be a ttansitiollal type to 1he subtrochantcrlc fractures. 

Sabtreclumterle fractans comprise a category of their own, although 
anldomically the subtrochanteric area is considered a promnlll end of the 
femoral diaphysis. The8e fractnre8 are ~~~~Stable becaWie of a relatively IIIDll1l 
fractUie contact ~RB and from the sigaificaot fon:es cxated over the llhmt off­
set proldmal. segment (head. neck, and trochanteric areas) on the narrow dill­
tal diaphyseal segment. AD fiacture ~ons me llllltable. u 1bcy are ex­
posed to the same loads, and all are suitable for the same fixation methods, 
maiDly wid! iDtraJDedullary devices. 

Subtroc:banterlc fradurell are IIIJbdi.vided, lilm otba' abaft fractures, into sim­
ple, wedge. and complex fracture COD1igutations (Fig. 18-3). 

PA'DIOPIIYSIOLOGY 

Muscle pull oolhe fracture fl3gmcnts of the proximal femur cauae~~ typical~ 
formitiell. The degree af deformity varies and depends on the degree af injury. 
The gluteus medius and minimus mWicles, wbich insert into the femoral tu­
bercle. abduct the proximal segment. The gluteus maximus muscle inserts 
with its deep portion into the gluteal tuberosity of the femur (the lateral ex­
tension af the linea aspen.); it extends and externally rotates the distal frag­
ment The iliopsoas muscle puBs the lesser tro<::haJd:cr and flexes and exter­
nally rotates the proximal fragment if the fracture line is below the lesser 
trochanter; if the fnlcture line is above the lesser trochanter, the pulls of the 
iliopsoas and of the gluteus maximUII tend to be in balance. Sometimes 
the lesser trochanter is awlled and it is only pulled anteriorly and proximally. 
The femoral shaft is pulled medially by the tight adductor muscles (Fig. 18-4). 
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Simple Wedge Complex 

FIG. 1~3 Subtrochanteric fractures. 

Koch (1917) showed tbat compression stress exceeds 1200 lbliD. iD the 
medial sobtroc:hanterlc area and that lamral. stresses are 204less. Those fon:es 
must be resisted by 1111 .. implant-broken bone" constmct .in order to achieve 
healing iD the position obtained at surgery. 

Osteopmo&i& is COIIIIDOD iD the eldedy popu1aticm, piiiti.culady iD caucasian 
women. The diminished atrw:turalatrength of the proximal segment of the 
femur makes it IIUsceptible to fl:actuR, evea by low-ene:Egy 1rauma, lib a sim­
ple fall at the ground level. 

ASSOCIATED INJURIES 

The most frequently associated injuries in the elderly are dJJe to 1he pejient's 
osteoporosis iD other II1'C8ll of the body. They are sustained at the same time 

GLUTEUS 
MEDIUS 

FIG. 18-4 Pull af the muscles in a subtrochanteric fracture with a proximal 
fracture extension and resulting deformity. 
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as the trochanteric fracture. The patient must be carefully examined for any 
signs of wrist fracture or head injury. Radiographs of the femur and knee in 
addition to those of the pelvis are routinely obtained. 

DIAGNOSIS AND INITIAL MANAGEMENT 

Hlslol)l and Physical Examination 

There is pain in the groin area and inability to bear weight Usually there is a 
history of a minor fall in the elderly or high-energy trauma in younger individ­
uals. The injured leg is extemally rotated, with the lateral edge of the foot often 
touching the surface of the bed. In addition, there is shortening of the extrem­
ity. Occasionally, there is ecchymosis of the proximal thigh. 

Radiographic Examlnstlon 

The clinical diagnosis is confirmed by the radiographic examination. Antero­
posterior radiographs of the "distal" pelvis (iliac crests are less important than 
the proximal femurs) are most useful. The contralateral hip should be inter­
nally rotated 20 degrees to profile the femoral neck for length and angle tern­
plating and to estimate the degree of osteoporosis (Singh index). Lateral ra­
diographs centered on the injured hip will help to determine the fracture 
configuration, especially the degree of posteromedial comminution. The lat­
eral projection is obtained with the patient in the Danelius-Miller position (the 
patient lies supine on the table with the uninjured hip flexed; thus a cross-table 
lateral view is obtained). The film cassette is placed on the side of the injured 
hip and the x-ray beam directed from the opposite side. 

If the radiographs of a painful hip after an injury are inconclusive, mag­
netic resonance imaging or computed tomography will confirm or rule out a 
fracture. Bone scan is informative only 48 to 72 h after the injury. The same 
observations apply to fractures of the femoral neck, as outlined in Chap. 17 
(see Fig. 17-11). 

Initial Management 

Early stabilization of the fracture allows mobilization of the patient and min­
imizes the incidence of problems associated with prolonged recumbency (e.g., 
cardiopulmonary problems, urinary tract infections, thromboembolic inci­
dents, and decubiti). 

The patient is made as comfortable as possible by administering analgesics 
and supporting the injured extremity with pillows. 

Frequently these patients have multisystem problems and must be opti­
ntized by a medical consultant with the goal of early sorgCI)I, preferably within 
48 h oftheinjory. 

NONOPERATIVE MANAGEMENT 

Patients who were wheelchair- or bed-bound before their fractures occurred 
usually need surgical fixation to facilitate their care. Yet there are patients who 
will require nonoperative management, in particular when local chronic de­
cubiti and edema are present; this is also the case for paraplegic or hemiplegic 
patients and patients with contractures that might make fixation impossible. 
These patients must be moved out of bed to either in a chair or a wheelchair 
inuuediately and then as often as tolenaled; when in bed, they should be moved 
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from side to side at 2-h intervals. Liberal use of analgesics should be made so 
that these patients can remain as comfortable as possible. 

Patients who were ambulatory prior to the injury but are at high risk for 
surgery (recent myocardial infarct, recent stroke, and others) may have to be 
managed conservatively. Skeletal traction for a period of 2 to 3 months is indi­
cated in such cases in order to maintain alignment and length of the extremity 
until the fracture has healed. Once the inunediate postinjmy pain has been con­
trolled, patients should be allowed periods out of traction and out of bed, mostly 
in a reclining chair. All with other recumben~ usually older patients, they should 
be regularly rolled from side to side while in bed. Respiratory toilet and an­
tithrombotic measures should be institoted inunediately after the injmy. 

Although complications during conservative treatment are frequent, their 
incidence will be decreased and patients' care more manageable when the pro­
posed treatment protocol is rigorously enforced. Ultimately, the result is of­
ten gratifying, since trochanteric fractures have a high heating potential. This 
is not the case with subtrochanteric fractures. 

SURGICAL MANAGEMENT 

The definitive management for the vast majority of the extracapsular fractures 
of the proximal femur is operative reduction and stabilization by internal fix­
ation. The most important factors affecting the outcome are the patient"s age 
and general health, the configuration of the fracture, and the degree of osteo­
porosis. The surgeon controls the quality of reduction and the stability of fix­
ation. Goals of the reduction are to obtain, if possible, bone-to-bone contact 
along the medial cortex, to realign the fracture fragments, and in particular to 
avoid varus angulation. 

Sutgleal Methods and Indications 

Two basic types of implants are used to stabilize trochanteric and sub­
trochanteric fractures: extramedullary and intramedullary devices. 

Extramedullary Devices 

Implants. These devices are either single or two-part units. A variety of de­
vices are available. 

The sliding compression screw-plate (SCSP) and a more advanced dy­
namic hip screw (DHS) allow controlled collapse and impaction of the frac­
ture fragments. 

Technique. The fracture is reduced on a traction table under C-ann control. 
Usual maneuvers are external rotation, traction, and internal rotation followed 
by abdnction. The lateral femur, distal to the level of the lesser trochanter, is ap­
proached through a 3- to 4-in. incision. Posterior fracture sagging, as seen on 
the lateral view, is controlled by pushing up with a hand or a crutch to allow 
insertion of a guidewire, which is driven into the femoral neck and head at an 
appropriate angle and under x-ray imaging control. A lag screw is introduced 
after reaming and taping. In stable fractures, three bicortical screws are suffi­
cient to fasten the side plate to the femur and a barrel over the lag screw. 

Important aspects of the technique are as follows: 

1. The screw tip of a lag screw should reach to within 0.5 to 1 em of the sub­
chondral bone, as seen on the anteroposterior and lateral views (center-
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cader), mOlder to pteVCDt a cut-out; the cam:ellous boDe is dmse:r m tbat 
part of the femoral head. 

2. Two-thirds of the barrel should be occupied by the lag screw to prevent 
disengagement or bending of the lag screw inside the barrel. 

3. A short barrel should be used cmly for a lag IIICieW shorter tban 80 mm to 
provide enough space for sliding. 

4. Trac:ti.on should be released intraoperatively (before side-plate fhation 
with screws) to allow for impaction and asseu the amount of shortcDing 
tbat would OQCll[, 

Indkations. These devices are used to fix trochmteric fractures wid1 stable 
configurations (Fig. 18-S; left hip) and for some unstable fradure configura· 
tioas with an iDW:t latmll wrtex. 

Complications. H the device is applied m a fractue with a broken lateral 
cortex, through or close to the fracture site, and in fractares widlrevcne obliq­
uity, uncontrolled sliding can occur and cause further instability. As a result, 
the lag screw may cut out (Fig. 18-6), which would necessitate a revision 
surgery, oftmm fonD of an arthroplasty. 

With 9!-clegne filled-ogle de..tees, a blade plate or more commonly a 
dyuamic condylar screw (DCS) is usecl in uDStable trochlllltmic and sub­
trochanteric fractures or in situations where it is impossible to use an intra­
medulhay dcvic:c (Fig. 18-7). A peliocl oftue-tow:h weight bearing is~ 
in onler to allow the fracture to heal in the fixed positioll. Only JOUDF pa&ots 
can withstaDd the long surgical proc:cdum reqWml, with a lOD&er in.ciBio11, 
more extensive soft tissue dissecti011, and greater loss of blood. They would 
also be able to protect the fixecl fracture sites by lcmg pmocls without weigbl 
bearing. Significant expertise is necessary to obtain good reduction. place tbe 
blade or a lag screw in tbe inferior part of1he head (at a 95-degtee angle), and 
attach it corredly to the shaft, tlms bridging tbe fracture site. More mccztly, the 
proceclure has become less exteDai.ve by use of a mjnjmaJ!y mvasive suqical 

FIG. 18-5 Two fixation devices used in trochanteric fractures. A A short 
IMHS devloe. 8. A DHS device. 
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FIG. 1 8·8 Fracture with a reverse obliquity that caused uncontrolled col­
lapse and cutout of the lag screw, resulting In nonunion. 

(MIS) teclmique. ObvioUBl.y, tbis surgical refincmmt had phK:ed gmlter tech­
nical demand~ on the operating smgecm. 

lnlTtlmetllJimy Devlca 

Tbcse devices ccmsist of a short (15 to 21 em) or long mtramedulWy mail. widl 
a wide body (around 17 mm) proximally angled at 4 to S degrees of valgua. 
Tbc distal. part is DmOwer (11 to 13 mm), and has adyuamic alotarcmc to two 
holes for the locking screws. The lag screw ill mtroduced through the wide 
proximal body and has a slidiDg capability. Rotation is prevented through a 
blocker positioned above the screw. The lag acrew's threads muat be in the 
cmter of the femoral bead. u shown m F~g. 18-S (the right bip). 

The upper part of the nail is a mechanical barrier aod prevents um:ontroUable 
lateral sllitiDg of tbe held-neck fl:agmmt or medial sliding of the shaft in~ 

FIG. 18-7 A simple oblique subtrochanteric fracture in the femur with a mal· 
united shaft fracture. It would be Impossible to pass the nail through the obliter­
ated and distorted femoral canal. A Initial N' radiograph. 8. Postoperative AP 
radiograph after application of a DCS device utilizing the MIS technique. C. A 
lateral postoperative radiograph showing some posterior displacement of the 
distal fragment to accommodate the plate at the malunion site. D. After 14 
weeks, the fracture had healed. 
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~~with a break .in the latenil cortex.ID fWDg 'UDStable ~~with .i.D­
tramoonllary devicea u oppoeed to extrameduUary devices, load ~hearing and 
posi.tioaing close to the weight-bearing am of the femur is biomechanica11y ad­
vantageous.IDtramedullllly devices are applied by a minimally invasive per­
cutaueous teclmi.que (bridgi.Dg osteosynthesis), the nail being introduced by 
hand. A smaller screw is inserted through the distal :locking slot or hole. which 
is poaiJioDed at a distaDI.:e from the tip of the nail in Old« to preveat the devel­
opment of a 8Cre8s fracture. 

Implants. The IDtramedallary hlp ~Crew (IMHS), or eephalomeclullary 
lllliJ, uses the femoral tubezclc at the gmater trochana as the eu11y portal. Frac­
tures of the grcamr trocbana and the piriformis fossa do not affect the nail's 
ability to :m.a.i.Dtain a good appo3i1ion between the :m.a.i.D pro:Wnal and distal 
fragments. A centrally positiontld lag screw cores out bone 1 em in clialnemr. 
Two BCMWS in the proximal part of the cepbalomedullaJy nail provide so~ 
wbat beaer rotational control and C8ll5e less damage to the caru:cllous bone in 
the head-neck uca. padicularly whea this is osteoporotic (Fig. 18-8). Tbe dis­
advantage of using two smaller lag screws is that it is hanla to introclw:e them, 
and if the mgle of iDserti.on is not pafect. penetmtion outside of 1hc femoral 
head can occur. 

lndit:tditms. If the fracture line does not extend mOJe than 1 to 2 em distal to 
the lesser trochanter, a short nail will provide adequate and safe fixation. If 
t'hm:: is doubt in the case of stable fractuleslllld all UDStable fractums. a loug 
nail reaching the distal femoral metaphysis is the implant of choice. 

Many surgeons routinely use a loug intramedullary Dai1 in all unstable frac­
tures, :regardleaa of the distal. extmaion of the fracture. Some surgeon~ do not 
even lock the nail distally, considering fixation achieved by nail passage 
tbrough the reamed femoral isthmua. 

Complications in 1he use of intramedullary nailing devices have included 
periprostbe& fracture when shorter nails of older type were used. ID some 
cases there was a more distal eldension oftbe fracture than initially recognized, 
wbidt was later displlK:ed at surgery. Forceful Juumnmng of the nail has been 

FIG. 16-8 A. A high-energy subtrochanteric fracture with a proximal exten­
sion; the sharp edge of the distal fragment had injured the profunda femoris 
artery, wilh consequent compartment syndrome. The radiograph shows coils 
used lo stop the arterial bleeding. B. After cephalomedullary IMHS fixation the 
fracture healed. 
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described as responsible for creating a fracture. Locking screws of a larger di­
ameter inserted through a hole close to the tip of the nail have caused a stress 
riser area; this has been coupled with the built-in !().degree valgus in older-type 
nails, which tended to traosfer the load to the tip of the nail by leaoing to the lat­
eral cortex. With regard to long nails, cases have been described where the tip 
of the straight nail peoetraled the aoterior cortes of the femur due to a more pro­
nounced anterior femoral bow. In the newer devices, the shape of the stem has 
been improved. 

A reconstruction nall ( centromedullary) is inserted through the piriformis 
fossa, which must be intact if good alignment is to be acheived. The primary 
indication for use of a reconstruction nail is a fracture of the femoral shaft as 
well as a subtrochanteric fracture without proximal extension. 

Special Considerations 

Young patients need near anatomic reduction and stable fixation for good bio­
mechanics aod long-lasting full function. They are able to withstand more com­
plex, open procedures, which last longer and involve a greater loss of blood. 
In these cases, application of95-degree fixed-angled devices is indicated. 

Postoperatively, these younger patients should be able to protect their re­
construction with toe-touch weight bearing for a few months until the fracture 
has healed. 

Elderly patients need a stable implant-bone construct that will allow for 
immediate full weight bearing. Slight shortening, abductors' weakness, or 
mild malrotation are less troublesome to an older,less active patient. Percu­
taneous application of an IMHS device in unstable fracture configurations is 
clearly indicated. 

SUMMARY OF INDICATIONS FOR USE OF VARIOUS 
FIXATION DEVICES 

Various devices are indicated for fracture fixation; the choice of device is 
determined by the fracture configuratioo aod the quality of bone. 

Stable fractures are fixed with DHS devices or with a short IMHS device. 
Unstable fractures with an intact lateral cortex are fixed as foUows: 

1. IMHS with a short nail if the fracture does not extend more than 1 to 2 em 
distal to the lesser trochanter; otherwise a long nail is used. 

2. A DHS device with reconstruction of the major posteromedial defect with 
an anteroposterior lag screw or with cerclage wires. 

Unstable fractures with a fractured lateral cortex; these include frac­
tures with reverse obliquity and subtrochanteric fractures with or without 
extensions: 

I. A long IMHS 
2. A 95-degree fixed-aogle device 
3. A dynamic coodylar screw, blade plate, or proximal femoral locking plate 

For patients with extreme osteoporosis, low healing potential, or sig­
nificant comminudon, one of the following: 

I. Cemeoted (calcar-replacing) hemiarthroplasty 
2. Total hip arthroplasty if the acetabulum is abnormal and the patient is fit 

for surgery (Fig. 18-9) 
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FIG. 18·9 A An unstable pertrochanteric fracture and a severe coxarthro­
sls In an 84-year-old homebound woman. B. A cemented bipolar hemlarthro­
plasty allowed immediate weight bearing and produced a good functional 
result. 

COMPUCATIONS 

Loea of proximal fixation after cutting out of the lag screw of any device is 
the most(:ommon compli(:ation (4 to 20~). The most(:ommon causes are 
imperfect central positioning of the lag screw, varus malalignment at the 
time of surgery, and poor bone quality. For young patients a revision pro­
cedure il nec:essary; for older patients conversion to arlbroplasty is usually 
done. 

Peri-implant fradures diltal to the tip of a abort IMHS device (gamma nail) 
were often reported in dle past. When a fracture occurs, the short nail must 
be replaced by a long one tbat reaches the di&tal metaphySCIII. area. :Recently, 
a proKimall~degree valgus angulation of the nail was rep~ by a 4-degree 
angulalion, a dynamic slot was positioned further proximally for ioaertion of a 
siDJ1e smaller screw for ctistallockmg, and a te<:hnique for insertion of the nail 
without hammering was introduced. As a result, these devices have become 
safer for geaeral use. 

Nonunion. The incidence of nonunion has been reported at less than 2* for 
trochanteric fractures and up to 20% for 3Ub1rodwltai(: fractures. Noo.Wii.on 
in a younger palient is treated by repeated fixation, which includes exchange 
nailing and bone grafting, or in an older patient by arthroplasty. 

Inl«tton. The incidence of infection has been reported at 0.15 to IS~. It is 
more common after open reduction and internal fhation than after pen:uta­
neoua procedures. Implants that provide stability are left in place, after the 
area is debrided locally and deep cultures are obtailled, until the fracture bas 
healed. Antibiotic&, based oo. the sensitivities of the pathogenic organisms., are 
administered as kmg as DOCeSsaJY to contmllocal. spread of infection and aep­
&i.s. Once the fracture has healed, the implants are removed; the area is debrided 
of avascular, often infected soft tissues and necrodc bone; and appropriate an­
tibiotics are admiaiatered for at least 6 weeb. Local recunmces of infection, 
even years later, sometimes occur and require further 1111l'gi.cal and medical 
management. 
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ISOlATED FRACTURES OF THE TROCHANTERS 

Isolated fractures of the greater trochanter are the result of a direct blow or 
avulsion. It is important not to overlook a possible associated per- or in­
tertrochanteric fracture. When it is minimally displaced, the fracture will heal 
without treatment. If displaced, nonunion frequently develops, but it is usually 
asymptomatic, affecting only a part of the gluteus medius insertion. In a 
younger individual, internal fixation of a larger displaced fragment is indicated 
in order to prevent or treat pain and limp. 

Isolated fractures of the lesser trochanter are rare. They are the result of an 
avulsion by the iliopsoas tendon, often occurring in adolescents. In an elderly 
patient, lysis and avulsion usually signify a metastatic lesion, which requires 
additional studies to establish the diagnosis. 
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19 Fractures of the Femoral Shaft 
Arsen M. Panlrovich Kenneth A. Davenport 

ANATOMY 

The femoral diaphysis is the tubular section of the femur that spans the region 
between the intertrochanteric and supracondylar areas. The important anatomic 
features of the femoral diaphysis are its shape, vascular supply, surrounding 
muscles, and neighboring neurovascular structures. 

The femur has an anterior bow that varies widely but averages 12 to 15 de­
grees. Posteriorly, the cortex thickens into a ridge called the linea aspera, 
which is the origin of the medial and lateral intermuscular septa. 

The blood supply is via endosteal and periosteal vessels. Endosteal vessels 
originate from nutrient arteries, which enter the proximal third of the femur via 
foramina in the linea aspera. These nutrient arteries arise from the vessels sup­
plying the surrounding muscles. Following fracture, the periosteal vessels 
become the dominant vascular supply. 

The muscles of the thigh are separated by the three intramuscular septa: 
medial, lateral, and posterior, forming the three thigh compartments (Fig. 19-1). 
The anterior (quadrkeps) compartment is the largest and contains the quadri­
ceps femoris muscle, iliopsoas muscle, femoral artery and vein, and femoral 
nerve in the upper part and saphenous nerve in the middle part. The medial 
(adductor) compartment contains the hip adductor muscles and the profunda 
femoris artery, which gives off three perforating arteries and is accompanied 
by a vein. The posterior (bamstriog) oompartment contains the three knee 
flexor muscles-biceps femoris, semitendinosus, and semimembranosus--the 
sciatic nerve, and many branches of the perforating arteries. 

Unopposed action of the muscles results in the displacement of fragments, 
which is predictable depending on the level of the fracture. In fractures prox­
imal to the isthmus of the medullary canal, the proximal fragment is abducted 
(gluteus), flexed, and externally rotated (iliopsoas). In fractures distal to the 
isthmus, the proximal fragment is in varus (adductors) and angulated posteri­
orly (quadriceps and gastrocnemius). 

The main neurovascular structures of the thigh are the sciatic nerve, femoral 
nerve, femoral artery, and profunda femoris artery. The sciatic nerve is cush­
ioned from the femur by muscles; therefore it is seldom injured in associa­
tion with fractures of the femur. The femoral nerve innervates the quadriceps 
femoris muscle and gives off three branches: the medial and intermediate cu­
taneous and saphenous nerves. The femoral artery enters the posterior com­
partment of the thigh from the medial compartment via the adductor hiatus, or 
Hunter's canal, located just proximal to the distal metaphyseal flare of the fe­
mur. The artery is tethered by the intermuscular septum, and a fracture at this 
level may injure the vessel. The profunda femoris artery usually gives off 
three perforating arteries prior to ending proximal to the knee. Some branches 
of the perforating arteries perforate through the lateral intermuscular septum, 
where they terminate in the vastus lateralis. This is of clinical importance, 
since these branches may be cut during the surgical approach to the femur and 
then retract beneath the lateral intermuscular septum, thus causing uncon­
trolled bleeding. 

293 
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FIG. 19·1 Midthigh cross section showing the anterior. medial, and posterior 
compartments: (1) Vastus lateralls. (2} Vastus Intermedius. (3) Rectus femoris. 
(4) Vastus medialis. (5) Sartorius. (6) Adductor longus. (7) Gracilis. (8) Adduc­
tor mag nus. (9) Semimembranosus. (10) Semitendinosus. (11) Bleeps femoris. 

ClASSIFICATION 

Fractures of the femoral diaphysis are cla&sified eccording to location and 
stabiJity. 'Ihe location is defined as being in the proximal, middle, or distal 
third. FrBCturea of the proximal third are II1Jbtroc:hantm fractures, while Chose 
of tbe distal third merge with suptai:OIIdylar fractures. 

In classifying fracturea of the femoral diaphysis, the concept of fracture 
stabtllty was used in determining tre8tmeDt options. Stability was defined in 
tmms of the percentage of the circumference of the cortex tbat is inW:t and the 
obliquity of the fracture line as indicators of fracture stability following in­
tramedullary nailing. Fractures with at least SO% of the cortex intact ami hav­
ing an obliquity of less dum 30 degrees are relasively stable in regard to leDgdl 
and rotation. The Winqniat and Hamon ami the Associalion for Osteosynthe­
si&-Ordlopaedic Trauma Association (AO-OTA) classifications are the two 
most commonly used sdlemes. 

Ina modified Wi.nqu.ist-Hansonsystem, five tnJeS arerecopized(Fig.19-2): 

Type A fractma are simple llansvcne or short oblique fral:tmes with DO com­
minution. 

Type B fractuml may have 3QIDC comminution. but they still have intact wr­
tical contact between the proximal and distal fragments of at l.eut 50%. A 

FIG. 19·2 Classification of diaphyseal fractures of the femur. 
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fracture with a butterfly fragment representing less than 25% would be an [AQ3] 
example of a type B fracture. 

Type C fractures have cortical comminution or a large butterfly fragment in­
volving more than 50% of the cortex, thus leaving cortical contact of less 
than 50% between the proximal and distal fragments. 

TypeD fractures have segmental comminution. 
Type E fractures are long and oblique. 

Stable fractures are types A and B, while types C, D, and E are unstable. 
The AO-OTA classification recognizes simple fractures (type A, which in­

cludes spiral, short oblique, and transverse subtypes), wedge fractures (type B, 
with a variety of subtypes based on patterns of butterfly fragments), and com­
plex fractures (type C, which are segmental and comminuted). Additional 
fracture subtypes are recognized by their position along the diaphysis. 

DIAGNOSIS AND INITIAL MANAGEMENT 

Hlsloly and l'lzysical Examination 

A history of injury, pain, swelling, and obvious deformity is present. 

Radiographic Examination 

Anteroposterior and lateral radiographs are obtained and examined to rule 
out undisplaced comminution. Radiographs of the knee and pelvis will allow 
diagnosis of associated injuries, in particular ipsilateral fractures of the 
femoral neck, intertrochanteric fractures, or hip dislocations, which are missed 
in 30% of the patients who present with them. Radiographs of the contralateral 
femur provide useful information on femoral length and canal diameter. 

Initial Management 

Initial management makes patients as comfortable as possible and optimizes 
their condition for surgery. If surgery is to be preformed within 12 h of ad­
mission, 5 to 10 lb of skin traction is applied with the thigh resting on a pillow. 
When surgery is expected to be delayed, 10 to 20 lb of skeletal traction is ap­
plied via a tibial pin. The hip and knee are flexed 30 degrees, and the calf is 
supported in a sling. Radiographs are obtained in traction and traction is ad­
justed accordingly. For oaiting, the fracture is ideally aligned and distracted 
0.5 em. Fractures of the femoral shaft should be stabilized within 24 h when­
ever possible. In the polytrauma patient, femoral fracture fixation improves 
mobility, decreases pulmonary complications, allows better care of other in­
juries, decreases infection rates, and thus reduces mortality rates. Benefits in 
both the polytrauma group and the isolated femoral fracture group include 
decreased length of hospital stay and a reduced cost of care. 

Associated ID,jurles 

Neurovasculnr injuries and compartment syndrome of the thigh and but­
tock are ruled out by a focused examination of the injured extremity. Vascu­
lar and nerve injuries are rare in closed fractures of the femoral shaft. With 
penetrating trauma, a vascular injury should be suspected even when pulses 
are normal; in these cases Doppler-assisted pulse pressures should be mea­
sured. When the ankle-brachial index is less than 0.9 after the fracture is re­
duced or stabilized, an arteriogram is warranted. The neurologic status of the 
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extremity, including the presence or absence of nerve injuries, should be doc­
umented on admission and followed during the course of treatment. Nerve 
injuries must be identified prior to treatment as they may result from traction 
applied during operative stabilization. Injuries secondary to traction usually 
resolve spontaneously. 

Compartment syndrome occurs rarely in the thigh. Risk factors for devel­
oping a compartment syndrome include coagulopathy, vascular injury, hy­
potension, external pressure on the thigh, treatment with a mast suit. and mul­
tiple injuries. The diagnosis is made on clinical examination and is confirmed 
with the measurement of compartment pressures greater than 40 mmHg, par­
ticularly when this condition is suspected in unconscious patients. The diag­
nosis of a compartment syndrome often indicates a poor prognosis with regard 
to mortality and morbidity, especially when it develops in the patient with 
multiple injuries. Following fasciotomy, a high infection rate is noted in those 
patients who survive. Renal failure and hyperkalemia can occur secondary to 
muscle necrosis and must be treated aggressively. 

Skeletal injuries associated with fractures of the femoral diaphysis are frac­
ture of the femoral neck, intertrochanteric fractnre, bip dislocation, pelvic 
ring injury, and fractures and ligamentous injuries around the knee. The 
presence of an associated fracture is determined by close examination of ra­
diographs of the knee, hip, and pelvis. The knee is carefully examined for ev­
idence of soft tissue injuries, with the physician looking for an effusion, pain 
with palpation, palpation for defects in the extensor mechanism, by stressing 
the medial and lateral collateral ligaments, and testing anteroposterior stabil­
ity to rule out rupture of a cruciate ligament. When it is not possible to rule out 
ligamentous injury, the patient is reexamined following fracture fixation, 
preferably while still under anesthesia. 

Historic:aiTRatment Perspective 

The earliest treatment of femoral shaft fractures consisted of various meth­
ods of applying traction or of immobilizing the injured extremity. Examples of 
such treatment date back to ancient Egypt. A variety of materials were used 
in attempts to immobilize the fracture, while traction consisted of different 
types of skin traction. Closed reductions and subsequent treatment were based 
solely on gross anatomic alignment. Treatment remained unchanged until the 
mid-1800s, when Mathysen rediscovered the use of gauze bandages impreg­
nated with plaster of Paris. This became the forerunner of modem-day cast­
ing material. Later on, the development of radiography allowed for more ac­
curate diagnosis and fracture alignment 

The next major improvement in fracture care involved the use of skeletal 
traction to replace skin traction techniques, such as Buck's extension trac­
tion, developed during the American Civil War. Steinmann, Bohler, and 
Kirschner developed the methods and pins that, with some modifications, have 
been in use since the 1930s. The other major improvement was the Thomas 
ring splint, which made it easier to transfer patients and improved home care. 
Later changes in traction techniques included the development of the Bohler­
Braun frame, the Pearson attachment, 90-90 traction, roller traction, and trac­
tion followed by cast bracing. Cast bracing dates back to the late 1800s, as 
used by Smith in Philadelphia, and its resurgence was championed by 
Sarmiento in the 1970s. It still has indications for use as a primary treatment 
or can be used in conjunction with skeletal traction in selected cases. 
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The use of external fixation in the treatment of femoral fractures dates to the 
1930s. AB a treatment form it was felt to lie somewhere between skeletal traction 
and open reduction with internal fixation. The use of external fixation increased 
steadily during this time and came into even wider use with the start of World 
War II. It was felt to be an ideal technique far early stabilization nnder battlefront 
conditions. Later, after World War II, it was avoided because of unacceptable re­
sults secondary to a high rate of chronic pin-tract infection and nonunion. This 
was later recognized to be due to design flaws. Modifications in technique, de­
sign, and materials (such as those seen in the Hoffmann fixator) resulted in a 
resurgence of use, becoming at one point the treatment of choice for certain types 
of injuries incuned during the Vietnam War. Although still used, external fixa­
tion has extremely limited indications for femoral fractures. 

Reports of attempts at open reduction and plating of femoral fractures date 
back to the early 1900s. It was not until the 1960s, however, that this became 
a viable technique. The credit belongs to the AO group, with their develop­
ments of suitable implants and surgical techniques for successful use. Contin­
ued modifications in technique and the design of implants have led to improved 
outcomes, but because of mechanical considerations and open methods of im­
plantation, results generally are inferior to those of intramedullary nailing. 

Hey-Groves made the first attempts at intramedullary nailing in the early 
1900s. Complications caused it to be abandoned unti11940, when Kuntscher, 
in Gennany, reported using intramedullary nails to fix femoral fractures. Hav­
ing developed a rigid nail and the technique for nail insertion to stabilize 
femoral fractures, he came to be seen as the father of intramedullary fixation. 
Prisoners of war returning to the United States from Gennany who had frac­
tures fixed with these methods showed excellent results. 1bis resulted in an in­
creasing trend toward operative treatment of femoral fractures. Modifications 
in nail design and operative technique followed. Changes in nail design have 
encompassed nail geometry (cloverleaf, open, closed, and solid), materials, 
and means of proximal and distal fixation. 

Screws, bolts, blades, and deployable fins (Brooker-Wills nail) have all 
been used to provide fixation. Flexible intramedullary nails such as Rush rods 
and Ender pins were also used with varying degrees of success. Since the de­
velopment of the portable fluoroscopy unit, closed methods of insertion have 
become the accepted norm, with nails being placed retrograde or antegrade. 
Studies now show intramedullary nailing to be the treatment of choice because 
of the uniformly good results being noted. 

Techniques continue to be developed, the most recent being femoral plating 
by minimally invasive surgery (MIS) methods, which combine aspects of plat­
ing and nailing techniques. 

De.finilive Management 

Fractures of the femoral diaphysis are managed with open reduction and plat­
ing, reduction and application of an external fixator, or closed reduction and 
intramedullary nailing. Skeletal traction, generally used to provide interim 
treatment, is occasionally used for definitive treatment when the patient is 
not a candidate for surgical intervention. 

Pklting 

Relative indications for plating are inability (usually due to other injuries) to 
place the patient on the fracture table, a grade m open fracture, fractures 
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around other implants (e.g., the femoral stem of a prosthesis), an associated 
fracture of the femoral neck or an intercondylar fracture of the distal femur, 
and obliteration of the medullary canal (usually due to a previous fracture). 

Plate fixation restores continuity of the cortex while stress shielding the frac­
ture site and the cortex to which it is attached. While stability at the fracture site 
is conducive to healing, whether by primary haversian healing across the frac­
ture ends when fragments are in contact and compressed or by consolidation 
of a grafted area, delayed union may develop when a gap is present. Stress 
shielding of the underlying bone can cause disuse atrophy and cancellization of 
the cortex, with resultant bone fragility. Furthermore, fixation of a fracture is 
accomplished through an open procedure, which can cause local devascular­
ization, again a possible reason for delayed healing. Other disadvantages of 
plating are a higher risk of infection compared to intrunedullary nalling, pro­
longed avoidance of weight bearing postoperatively, increased rate of nonunion 
with secondary loss of fixation, and an elevated risk for refracture following 
plate removal. 

Surgical exposure is via a lateral approach through the interval between 
the vastus lateralis and the lateral intermuscular septum. The vastus lateralis 
is elevated from the femur, keeping soft tissue stripping to minimum. Frac­
ture fragments are identified and anatomically reduced. A broad dynamic 
compression plate is placed on the lateral cortex, anterior to the linea as­
pera. Fixation of 8 to 10 cortices proximal and distal to the fracture site is 
required. Medial cortical defects are grafted to stimulate healing and decrease 
the incidence of plate failure from prolonged healing time. Postoperatively, 
motion of the hip and knee is encouraged. Strict avoidance of weight bear­
ing is maintained until bony trabeculae cross the fracture or the bone con­
solidates on the side opposite the plate, often taking 10 to 12 weeks from 
the time of surgery. 

MIS plating techniques for the femur have recently been developed. Indi­
cations are distal metaphyseal injuries, subtrochanteric fractures, open frac­
tures with vascular injury, comminuted fractures in children, and fractures in 
severely injured individuals with compromised pulmonary function. In prin­
ciple, it is an extramedullary splint that bridges the gap of a comminuted frac­
ture while being fixed to the main fracture fragments. This provides enough 
stability to allow the fracture to heal while decreasing periosteal stripping, 
bone devascularization, disturbance of the fracture hematoma, and further soft 
tissue injury. 

Preoperative planning is essential to detennine implant size and position 
of screws. The procedure is done on a radiolucent or fracture table. A reduc­
tion is obtained with longitudinal traction and manipulation, occasionally re­
quiring the use of a femoral distractor or skeletal traction. Proximal and dis­
tal incisions are made after a precontoured plate is positioned against the skin 
parallel to the fracture once it has been reduced. Fluoroscopy is used to con­
firm this position. Incisions are carried down to the submuscular-periosteal in­
terval and the chosen plate is then inserted above the periosteum and pushed 
to the opposite end of the femur. The plate is temporarily fixed at one end. A 
final reduction is then obtained and the other end is fixed to the bone. Final ad­
justments can be made at this time, following which, final screws are placed. 
Three to four screws are placed in the proximal and distal fragments, maxi­
mizing the spread of the screws at both ends. Postoperatively, patients start 
on range-of-motion exercises and toe-touch ambulation with progression of 
weight bearing when indicated by healing on follow-up radiographs. 
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Extemol Fixation 

The indication for utenud fbatioa ia an open f'.ractuM with contamiDation. 
'I'he purpose is to provide mmporary fixation when conclusive fixation must be 
delayed. It ia a quick procedure; it stabilizes the fractuie wilhout placlDg a for­
eign body in a contaminated wound, and it allows ~~~:CeSS to the wouod. 'l'be 
disadvantages am lack of finn stability; the pin& placed tbrough the latmll 
muscles of the thiah "'ack" them to the femur, often resulting in loss of knee 
motion; tbeJe ia also a high incidence of oonnnicm. 

At surgery, the fndmc is rcdDced dlrough the open wound after an adequate 
debridement of the open iDjmy is pcrl'onnecl. A lateral frame is applied with 
two to four half pins being placed proximal and dis1Bl to the fracture region. A 
hybrid frame may be used, with a ring being placed in the lmcc egion with 
half pins placed lateral and proximal 'I'he postoperalive ~is tailored 
to the patient Oenmtlly, ~touch weight bcarlDg is maintUncd until the~ 
ture has healed. Knee and hip motion is encouraged. A.f.ter the soft tissues have 
healed, bone gra1tiDg can be dol1c in mlcr to emham:e hcaliDg. The fW1tor can 
be removed and replaced with an intramedullary nail if there have been no 
sigml of infccti.on at the fmclure or the pin sites. 

l~dullmy Nailillg 

The majority of fractures of the femoral diaphysis are managed with in­
tramedullary nailillg. The advantages of this Udmique are fixation utilizing 
closed methods, which avoids further soft tissue injury while providing sta­
ble aUgnmeut. Mechanically, an in1lamtdullaiy nail allows optimaiiDading of 
the fracture site. fuoction.ing as a load-sharing device that minimizes stress 
shielding. The inbamedullaiy position of a nail mrults in a IDw bending mo­
ment wbile promoting bending strength and rigidity. 1be result is a union rate 
approaching 99%, an infection rate of less than 1% in closed D:acturcs, and 
sborteDing or mahmion occurring in less dian 21J, of the cases. 

Nails am .insezted either through the proximal femur and driven distally [i.e., 
antegrade nailing (Fig. 19-3)] or through the dis1Bl femur and driven proxi­
mally [i.e., retrograde nailing (Fig. 19-4)]. Antcgrade nails are rigid, while 

FIG. 19-3 A Fracture of the femoral diaphysis. A type B fracture with com­
minution Involving less than 50% of the cortex. This fracture was open with a 
grade II soft tissue injury. 8. Stabilization with a reamed antegrade statically 
locked nail. 
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FIG. 19-4 Stabilization with a reamed rigid retrograde nail. 

retrograde Dai1s may be rigid or flexible.. Rigid nails may be uaed with or with­
out reaming. Fl.eXJble Dai1s are inserted without reaming. 

Type A and B fractures of 1he femoral diaphysis are :IIWiaged with eidler 
type of intramedullary nail, with rigid nails being atafu:ally or dynamically 
J.oc:bcL Type C, D, and B 1iactma of the fcmond diaphysis am IDliiUlpd wi1h 
rigid statically locked nails placed antegrade or retrograde. 

Flalble IDtramedullary Dalllq of the femur involves the use of Rush or 
Ender naiJI. The indicanons for flexible nailing are limimd and are confined to 
s'bletally .immatUie individuals, 1hose cues will= the femma1 caoal is amall 
(leu tbm 8 mm), and in the exceptional circumatiiDC:e where soft tissue or con­
comitant injm::ies pzevent the use of staadanl approaches far rigid DAil p~ 
menL Flexible nailing of the femoral diaphysis ia performed with the patient 
supine on the fiactuie table. with fluoroscopic control, aDd by inserting lhe 
nails through the portalll on both aides of the distal femur. Postoperatively, 
lmee flexion is eDCOuraged when incisional pain allows, and full weight bear­
ing is enc:o111'11ged when the f'radure pattcm is stable. 

Rtald ildramedullary DalfDg is done antegrade or retrograde. In both ap­
proaches, static or dynamic fixation is obtained using the same biomechical 
principles; only the emzy poJtab differ. The indications for antegrade 'DIIiliDg 
are type A to B fractures that occur just below the lesser trochanter down to 
within 7 em of dle knee joint. Relative indicatioDB for retrograde nailing in­
clude fractures of the diatal third of the femoral shaft, ipsilaceral femoral neck 
and shaft fractuies, fmctwa in the obese patient (ease of nail inllertion.), flOIIt­
ing knee, bilateral femur fractnres, fractnres above a total knee, IK:Ctabular or 
pelvic fractures. and femoral f'radures in the pregnant patient (avoiding radi­
ation to the fetus). Conttaindicanons are sylltemic or local infection, open 
grow1h plates. a naaow intramedullary canal. or a preexisting deformity of the 
femur. 

Antegrade nailing t«:hnique. The patient is placed on a fracture table. Afttz 

the fracture is reduced under fl1101'0SC0p:ic control, the hip is adducmd and a 
guidewire inserted through the pirifonnis fossa or into dle trochanter, depend­
ing on the nail desigu, and driven across 1he reduced ~.It is importlmt 
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that the guidewile be poaiticmed appropriately fur the type of DAil being in­
&elted. AttemptiDg to insert a DAil that is poorly aligned in the proximal canal 
can lead to blowout at the fracture site in hard bone, wbich can resist correc­
tive centering forces at the base of the femoral neck. The femur is sequentially 
reamed in 1- and thea O.S-mm inaaDmta until an adequate size of caDIIl is ob­
tained. A DAil of the appropriate size (usually l.S to 2 mm. smal.lcr than the 
last reamer) is driven ~ the fracture. In type A and B fractures, the Dail 
can be locked dynamically: screws are placed proximally, not cliltally. This 
CODJttuct, however, can fail to wmrol rotation. In 1mltiDg type A and B frac­
tures in the cliltal third of the femur, the nail ill locked distally to prevent an­
gular aDd/or rota1ioual defmmities.ln type C, D, and B fl:actures (Fig. 19-5), 
the nail is locked statically, screws being placed proltimall.y and distally.ln 
fractmes with the pofcD1ial for shortmiDg. can: JDDSt be tabn that the femur is 
pulled out to length by adequately •canning the fracture with the image in­
tensifier to obtain a comprehensive view of all components on one image~ 
fore distal locking is accomplished. Distal locking is facilitated on a fracture 
table and is done by the freehand teclmique of Dr. Robert Hall. Jr., using a ring 
forceps and a radiolucent drill. Postoperalively, patients with stable fractures 
are allowed to bear weight as tolerated. Patients with sta1ica11y locked Dails 
initially may bear S04 of their weight on the injured side; as radiographic 
healing progreaaes, weight bearing is advanced as tolerated. If radiographic 
signs of healing are delayed, full weight bearing is delayed. 

Relrograde nailing tec:/rnique. Patiellt positioning for Ibis procednre is supine 
on a radiolucent table with the 1mee on a bolster to oblain 4S to 60 cJecmes of 
1mee flexion. Retrograde DAiling is accomplished dlrough the intercondylar 
notdl, utilizing a medial pampatcllar approadl or by spliaing the patellar ten­
don. The entry point is located anterior to the attacfunenta of the posterior cm­
ci.ate ligamem and is in line with the long uis of the femur. A slllrtiDg hole is 
made and enlarged with a cannulated drill. A guidewire is paslled across the 
fracture sim and sequenlial r:eaming is pat'OIIIIed. The nail is inserted over the 
guidewire. Proximally, it should reKh the level of the lesser trochanter, and 
the clistal. end is bmied under the articular cartiJ.a&e. DistallockiDg is done with 

FIG. 19-5 Stabilization of a type C fracture resulting from a gunshot with an 
antegrade statically locked nail. (Couttesy of Prahlad Pyalf, M.D.) 



302 HANDBOOK OF FRACTURES 

a drill-guide attachment to the nail, and proximal locking is done freehand in 
the anteroposterior plane with the help of the image intensifier. 

Complications of Intramedullary Nailing 

Complications specific to antegrade nailing are occasional thigh pain, tro­
chanteric p~ or pain in the incision area. These do not always :respond to nail 
removal. In addition, hetertopic ossification may occur and Trendelenburg gait 
patterns maybe present. Fractures of the femoral neck may occur during nail 
insertion; more commonly, however, they preexist and are overlooked on the 
initial evaluation. 

Retrograde vs. antegrade nailing has shown an increased complication rate 
in regard to rotational deformity and shortening. Rotational deformities are 
often missed with intramedullary nailing of any type. They are the direct result 
of incorrect rotational alignment when the patient is positioned for surgery. 
Special care should be taken to check for correct rotational alignment prior to 
removing the patient from the operating room table. Fixation failures with in­
tramedullary nailing can result from breakage of the intramedullary nail or 
breakage/failure of the transfixion screws. Breakage of a nail is the result of fa­
tigue, which occurs with a nonunion. The late breakage oftransfixation screws 
also implies a nonunion; when it occurs early, it signifies excessive early 
weight bearing. The failure of transfixation screws in terms of bone purchase 
is seen in osteoporotic bone or with poor insertion technique. 

Complicallolll of Femotal Fractui1!S 

These include malunion, nonunion, and infection. 
Rotational and angular malunion (varus or valgus, seen in particular with 

fractures distal to the femoral isthmus) is managed by osteotomy and realign­
ment and stabilization of the femur with a statically locked nail or plate. Frac­
tures that have healed with significant shortening pose a difficult problem 
that is best prevented. Significant shortening is defined as shortening greater 
than 3 em or when a gait disturbance or back pain is not relieved by a shoe lift. 
Management options include lengthening the involved femur, lengthening of 
the ipsilateral tibia, or shortening of the contralateral femur. Lengthening of 
the involved femur is the most attractive option because it corrects the defor­
mity completely. It is achieved by applying an external fixator, osteotomiz­
ing the femur, and lengthening the femur incrementally by 1 mm per day. This 
procedure requires exceptional compliance on the part of the patient. Length­
ening of the tibia is a simpler procedure, but the patient's knees will then be 
at different levels. Shortening of the contralateral femur is done closed; it has 
the lowest morbidity but results in overall loss of height. 

Nonunion is managed by stabilizing the fracture fragments and using 
appropriate bone-grafting techniques, although occasionally grafting can be 
performed without revising the original fixation. When a nonunion follows in­
tramedullary nailing, simple exchange nailing after reaming of the femoral 
canal is generally effective. Although intramedullary nails are usually the 
best means of stabilization, plating is occasionally indicated (e.g., if there is 
a fragment of broken nail in the canal that cannot be retrieved, when there is 
a segmental defect that requires exposure for extensive bone grafting, or in 
cases where an osteotomy will be needed to correct a deformity. In the rare 
case, compression can be applied to a hypertrophic nonunion by use of an 
external fixator. 
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Infection is managed with debridement, appropriate antibiotics, and treat­
ment of the surrounding soft tissue. When there is an associated nonunion, it 
must be dealt with ftrst, attempting to heal the fracture or at least ensure its 
stability; then the infectious process can be dealt with. Han internal fixation 
device is providing stability, it is usually left in place and fracture healing is 
obtained with cancellous bone grafting after the infection is under control. The 
assistance of an infectious disease specialist is essential. H the internal fixation 
device is not providing stability, its removal and external fixation should be 
carried out. 
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20 Fractures of the Distal Femur 
Robert C. Schenck, Jr. James P. Stannard 

This chapter reviews fractures of the distal femur, including supracondylar 
fractures of the distal metaphysis and intracondylar and condylar fractures of 
the articular surface of the distal femur. 

ANATOMY 

The knee is a compound joint consisting of a sellar joint between the trochlea 
of the femur and the patella and two condylar joints between the condyles of 
the femur and the tibial plateaus. 

The distal femur consists of condyles and epicondyle&. Medial and lateral 
condyles fonn the articular surface. They are narrower anteriorly, resulting 
in a trapezoidal shape of the distal femur. The medial condyle projects 
further distally than the lateral condyle. As a result, the distal femur is in 
7 degrees of valgus in relation to the femoral shaft. The lateral condyle pro­
jects farther anteriorly {preventing lateral patellar subluxation) and posteriorly 
than the medial condyle. The epicondyle& are small prominences on the outer 
portion of the condyles that serve as the origin for the respective medial and 
lateral collateral ligaments. The distal and posterior surfaces of both condyles 
are convex and articulate with the corresponding tibial plateau. The anterior 
surface of the distal femur (trochlea) is the coalescence of medial and lateral 
condyles. Its concave surface corresponds to the articular surface of the 
patella. 

Classification 

The Orthopedic Trauma Association (OTA/ AO) classification of distal femur 
fractures is similar to the classification of other periarticular fractures. These 
fractures are divided into extraarticular fractures (type A), unicondylar frac­
tures (type B), and bicondylar fractures (type C). These three types of fractures 
are further divided by level of comminution of the metaphysis or articular sur­
face (subtypes 1 to 3) (Fig. 20-1). 

Associated IDjuries 

Injuries associated with supracondylar fractures of the femur include fractures 
and dislocations of the proximal femur and pelvis, ligamentous disruptions 
of the knee, and injuries of the popliteal artery and peroneal or tibial nerves. 
These injuries are more likely to occur in association with high-energy trauma. 
Associated fractures and dislocations of the proximal femur and pelvis are 
most likely to occur in motor vehicle accidents as part of the "dashboard in­
jury'' complex. 

The most frequently disrupted ligament is the patellar ligament. Disrup­
tion of the collaterals and cruciate ligaments also occurs. The association of 
multiligament knee injuries with fractures about the knee is being recognized 
with increasing frequency. 

304 
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FIG. 20-1 The OTNAO classification of distal femoral fractures. 

o~agnos~a &Ialtlal J~aD~gemeat 

History tWl Physi&ol .Emmin/Uion 

Patients with a distal femoral fractDre bave pain and a history of a knee in­
jury. Obvious iDitability ami defmmity are prescmt wilh type A (supnwondy­
lar) and C (bicondylar) fractnres but may not be present with fractnres of a 
single ccmdyle. The aldn should be Wpected for lacmdions, suggesting an 
open fractare. Medial femoral condylar (Hoffa's) fractnres frequently present 
wilh a posterior sag sign :related to the femoral attachmeut oflhe postmar cru­
ciate ligament. Ar.curale physical examination of the ligaments is usually not 
possible befo:re fractu:re 1ixa1ioD. Radiogmphic signs of ligamentous .iDjiii)' are 
loss of parallelWn between the articular surfaces of the femoral condyles and 
tibial plateaus and bony avulsion of 1he cmciates. After stabilization of 1he 
fractnre, a lhorough examination of the ligaments of 1he knee should be pa­
fonned, with a plm far n:pair or m:oaslluc1ion of the injured stroctu:res. 

Early identificarlon of an associamd popllteel artery injury is c:ncial. The 
cardinal fi.Dillilg is decreased darllalis pedis and posterior tibial pulses. This 
may be due to torsion or tnction of 1he vessels. If al.igning the fracture does 
not :result in the rerum of pulses wi1hin S min, it should be assumed 1hat the 
popliteal artery is injured and an emergent c:onsultaDon wilh a vascular sur­
geon for immediate evaluation and uterial explcmdion is needed. Once 1he 
10C8Iion of the vascular injury is dm:nninOO, surgery to stabilize the fradnre and 
resto:re circulation is perfonned emcrgently.lftlae bas not been a sigaifi.­
cant delay, fracture fixation with knec>spanning e:m:mal fixation or occasiooally 
:retrograde nailDJg provides stability prior to vascular repair. Under no cir­
cumstances. however, should :revascularization of 1he leg be significantly de­
layed for fracture fixation. On rare occuions, swelling, an expanding 
hematoma, or an intimal tear can progress to armriallhmmbosis. For dlis rea­
son, vascular checks are perfonned every 2 h fur 1he fint 36 h after injury. 
Management of the normal vascular examination (arteriogram VI. clinical 
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checks) is controversial. Vascular Doppler studies, ankle-brachial indices 
(AB!s), serial physical examinations, and arteriograms are all options and de­
pend on the individual institution's protocols and surgeon preference. Re­
cently published data support the use of serial physical examinations alone 
rather than arteriograms to detect significant arterial injuries. 

Injuries of the peroneal and ti"bial nerves are identified by assessing sen­
sation and the ability to plantarflex and dorsiflex the ankle. These injuries are 
managed with range-of-motion exercises of the ankle and foot to avoid con­
tractures and splinting in a functional position. 

Radiographic Examination 

Radiographs in the anteroposterior and lateral projections are sufficient to 
evaluate the injury. The tunnel view of the distal femur, in which the antero­
posterior radiograph is obtained with the knee flexed to 30 degrees, is helpful 
but painful for the patient. Radiographs must be carefully examined for mini­
mally or nondisplaced fracture lines extending into the articular segment; 
these may become displaced during treatment if not recognized. Computed to­
mography (CT) scans can be useful for further assessment of intraarticular 
fracture lines or comminution. Radiographs of the pelvis, hip, femur, and tibia 
are obtained if clinically indicated by pain. deformity, or instability on physi­
cal examination. 

Initial Management 

Initial management of a distal femotal fracture hegins with a gentle realigning 
of the leg and application of a long leg splint. If splinting does not adequately 
immobilize the fracture, skeletal traction can be used. A proximal tibial pin is 
inserted, the knee is placed on pillows, the calf is supported in a sling, and 
10 to 20 lb of traction is applied. Posttraction radiographs are obtained to as­
sess alignment and to determine whether the knee joint is being distracted 
because of any ligamentous disruption that may be present. 

Tnlabnent Options 

Nonoperative Management 

Nonoperative management has a limited role in the treatment of distal femoral 
fractures. In patients with minimally or nondisplaced fractures, a cast brace 
can be used for stabilization until the fracture heals. This approach is also used 
in patients with medical comorbidities precluding surgecy. Typically the brace 
will be applied with motion at the knee limited to 30 or 40 degrees for the 
first few weeks. The patient is maintained at toe-touch weight bearing during 
this time. Once early callus is noted, the hinges of the brace can be released 
to allow full knee motion. 

External Fixation 

External fixation also plays a limited role in the treatment of these injuries. 
Definitive treatment with external fixation is very difficult. The large capsular 
reflection on the femoral side of the knee joint makes it difficult to get pins or 
wires distal enough to control the distal fracture segment without having the 
pins become intracapsular, which can lead to septic arthritis. 

External fixation can play an important role in the initial management of dis­
tal femoral fractures in polytrauma patients, fractures with vascular injuries, 
and open fractures. External fixation in these circumstances is usually in the 
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foJm of a ~spiiDDing exfmlalfixator. PillS should be placed in the proxi­
mal tibia and eitha lbe anterior or lateral femur. The fraclmc is pulled out to 
anatomic length and placed into sliJht flexion. It is advisable to avoid placing 
fixalor pins larerally in the distal femur if plating is planned for eventual de­
finitive fiutioa, as tbia may miUlt in dmiDage in tbe ama of the futln inciaou. 
If the fixator is being placed pior to vascular exploration of a popliteal artery 
inju:ry, it is beaeficial to place lbe pills in tbe ameriar femur, as l*tal piDs can 
interfere with extemally rota!ing the hip to allow aa:e811 to the medial approadt 
to the popilleal foSA.ID placing a spuming 1ixator for a distal femur~. it 
must be realized tbal it ill impos81Dle to prevent the articular aegment from re­
llllliDiDg in extenllion I.10JDI)IIled to lbe shaft UDl.eas a pin em be pbacl into tbia 
segment, which is usually not practical. Despite this extension alignment. the 
~ em still be helcl at appropriate kDgth and with sufficient stability to 
allow aome patient mobilization until definitive fixation. 

llll1'ri1Mti1Jimy NaUJng 

Su~ondylar femoral fractures may be stabilized with an intramedullary 
nail. Antegnde lllliliDg of a llllp1'8COildylar fracture is performed as described 
in Qap. 19. To decrease the incidellce ornai1 breakage through a distal lock­
ing hole, there should be at least s em or intact bone proximal to the distal 
screw holes; tbeJefore this method can be used ODly for more proximal supra­
condylar fractures. Additionally, because the fracture is usually toward the eDd 
of the lllli1. it can be difiicult to Wldm1. the v~Qus and extem.i.oD deformity tbal 
usually occurs in this fi:adure. 

Fracture stabilization with a retrograde DaJl inserted dlrough the inter­
condylar notdl is a more commonly Uled tfcbnique (Fig. ~2). It is euia to 
control the distal fragment because it is closer to the entry portal for the nail. 
Negatives of tbis approach ioclude the intraarticular entry portal. It is unknowu 
wbetbet Ibis pot1a1 will have lollg-term deleterious effects on the knee . .Addi­
tionally, injury to the origin of the posterior cruciale ligament can occur if care 
is not talcen during creation of the entry portal. Retrograde ll8ils for the clisCal fe.. 
mur initially were developed as short nails. The use of these, however, was 
comp1icated by a high incidence of deformity at lbe fracture site and fracCme or 

FIG • .20-2 A. Preoperative lateral radiograph af a type A3 distal femoral frac­
ture. B. Postoperative AP and lateral radiographs In the sagittal and coronal 
planes showing reestablishment of proper alignment of the distal femur. (Cour­
tesy of Walter W. 11.1/fws, M.D.) 
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the nail. Currently, short retrograde nailing of distal femotal ftactures should be 
limited to patieots with ao ipsilatetal total hip arthroplasty. 

Open Reduction and Internal Fixation 

Open !eduction and in-.! fixation (ORIF) was historically the primary mode 
of fixation in distal femoral fractures. The array of plates included blade plates, 
dynamic condylar screw (DCS) plates, and condylar plates. Although these 
are still occasionally useful in the fixation of distal femoral fractures, the in­
trodoction of locking plates bas made them nearly obsolete. Locking plates pro­
vide better stability with less bone removal and easier insertion vs. these older 
devices. For more stable fracture patterns, nonlocking plates are available that 
are anatomically contoured to the distal femur, allowing easier application. 

The development of locked plating represents a major advance in the sur­
gical treatment of supracondylar femoral fractures over the past 5 years. Some 
locked plating systems use a minimally invasive submuscular approach. pro­
tecting the vascular structures around the fracture. While a detailed discussion 
of locked plating is beyond the scope of this chapter, it is critical to understand 
the benefits aod indications for this importsnt new technique. Locked plating 
involves a plate system where the head of the screw is threaded and locks 
into a threaded hole in the plate. This fonns a fixed angle (not unlike a blade 
plate) at each screw-plate interlace. Biomechanically, eliminating motion at 
the screw-plate interface significantly increases fracture stability and fixation 
rigidity. The result is a construct that functions much better than conventional 
screws and plates, especially when implanted in comminuted or osteoporotic 
bone. This decreases the likelihood of implant pull-out or axial collapse of 
the fracture. Some authors also report early and aggressive callus formation, 
allowing for early weight bearing aod functional rehabilitation. 

De.finltlve Management 

The definitive management of supracondylar fractures in almost all circum­
stances is surgical. The surgical approach, stabilization device, and use of 
bone grafting are based on the type of fracture and surgeon experience. 

Type A (Supracondylar) Fractures 

These fractures are amenable to treatment either by intramedullary nailing or 
ORIF. They are nearly always in extension due to the pull of the gastrocnemius 
muscle on the distal fragment and the pull of the extensor mechanism on the 
proximal tibia. In the coronal plane, the ftacture can be in varus or valgns, de­
pending on whether the fracture is proximal or distal to the insertion of the 
adductors. Care must be taken to reduce these deformities regardless of the 
implant used for fracture fixation. 

Retrograde nailing is performed as described in Chap. 19. In very distal 
fractures, it is important to make sure that the nail being used will have at least 
two locking screws in the distal fragment. Because supracondylar fractures by 
definition occur in the metaphysis, there will not be close contact between 
the nail and the cortex of the distal segment. As a consequence, the nail will 
not completely reduce the fracture, as it does in fractures at the femoral isth­
mus. This is particularly true in older patients with very thin cortices and de­
creased metaphyseal cancellous bone. Therefore care must be taken to main­
tain the fracture reduction in both the sagittal and coronal planes while 
reaming, inserting the nail, and inserting locking screws (Fig. 20-2). A slight 
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residual translation at the fnlcturc site often results iD these cases, but this 
can be accepllld if sagittal and coronal alignment is adequate. 

l.ocbd plating with a submuscular or staDdard OpeD approecll is also 1111 ~ 
ceptable technique for these fractures. Thia tcclmique RqUires only a small in· 
cision latcr&Uy with stab boles iD the skiD to 8C.1COIIIIIWdat the l.ot:kiDg stRWS 

proximally. Reduction is obtained by indirect means, usually by mani.pulaliDg 
tbe leg over a bolster 1o reduce the distal aeglllall out of e1tension aad applying 
VIII'WI or valgus force 1o the knee co obtain the c:om:ct coronal alignment. This 
teclmique is pmticulady appropriate in elderly patieuts with pow-quality baDe. 
1hwl minimizing the poaaibillty of devaacularizalim of the fradure f':ragmmt 

SupnlCOildylar Jiactmea proJtimalCO 1otallm.cc artbropl.&sty 11R1 iD£:reas.iDgly 
common. As with OCher supracondylar f'rac:tures, they can be treated with either 
retrograde DAiliDg or plate fixatiOD. These fmc::tura often have v~:zy short dis· 
tal segments; therefore a nail with very distal locking screws must be utilized. 
AdditiorWly, tbe design and manufacturer of the arthroplasty must be deter­
mined. Some older, smaller femoral components do not have 1111 intercondylar 
opening large enough co allow the passage of a nail If a short distal segment~ 
CUI1I in osmoporocic bone, locking-plate fixation is often more stable dum a nail 
with two locldng screws. 

7Jpe B (Unicondylar, Hoffa's) Fractures 

Fractures of the medial or lateral condyles in the sagittal plane are exposed 
through a mcdi.al or lateral parapatellar surgical approach. The condyle is~ 
duced and held iD p1aoo with lag screws or a butlress plate. Adequacy of~ 
tiou in these fractures should be confirmed by direct visual inapeclion, because 
a mal:tedw:tion in rotation can be difficult to detect with ftuoroacopy. Fractures 
in the coronal plane usually involve the posterior portion of the condyle (Fig. 
20-l, B3).1besearereferred co as Hoffa's fractures. They c:anoc:curiDisolation 
or as part of a bicoDdylar complex :fracture paUem. They are exposed through 
a midmedW or midlatcral incisim or, alternatively, through a parapatcllar in· 
c::iaioD on dle involve4 &ide. The fractured condyle is very posterior and must be 
visualized well to confirm an anatomic reduction. Lag fixation is placed from 
the aDterior surface of the femur or trocblea into the fradured posterior condyle 
(Fig. 20-3). Screws placed through the cartilaginous ll1lrface of the trochlea 
sbou.ld be headless or coUDtersuDk to avoid injuring the patellar cartilage. 

FIG. 20-3 A and B. AP and lateral radiographs showing a Hoffa's fracture 
of the lateral femoral condyle (OT AJAO 83) with a dislocated patella. C. Intra­
operative lateral radiograph view showing reduction and location af counter· 
sunk 3.5-mm screws. (Court98yof Walter W. Vlrlcvs, M.D.) 



310 HANDBOOK OF I'RACIURiill 

Type C (Bicondyklr, lntm:ondylor) F'rtlctuTes 

Type C fractuRs vary widely from simple supraoondylarlinteroondylar frac­
tures (I'ype Cl) to very compl.e:x fractures with comminntion of the articular 
and metaphyseal componelds (Type C3). 

Supraoondylar fractures with an intercondylar split (Cl) can also be treated 
wid1 either inlrilmMnallary nail or plate lixatiou.lf an inttamcdullary nail is to 
be used, the two condyles mw1t be aoatomically redDced to eaclt other and held 
together while the nail is iDaerted. The Dail. pmtal is usually directed dlrough 
this fracture line, so the tendency is for the nail to separate the fracame as it is 
reamed and insmcd. The reduction should be held with lag~ (3.S mm) 
pl.aood oat of die path of the Dail. The articular lr:dw:tion shoald dlen be recon­
fil:med after lllli.l. iDsenion. Plate fixalion is ped'mmed through either a lateral 
or lamral. parapatellar approach (Ytg. 20-4). 

More scven:ly comminuted intercondylar fractun:s aM best J:JI8IIapd with 
ORIF (Pig. 20-S). Anatomically contoured plates are very usdal for this lo­
catiou.lfdle metaphyseal compoDent is very commimlted, 1ocldDg plates have 
a clear advantage, as they can prevent the fracture from settling into varus 
without the need for a medial plate. I...oc:bd plating teclmiques on frlu:lmes 
with iDtraarti.cular extension require reduction and stabilizadon of the articu­
lar surfKC prior to implanting the locldng plate. Although this teclmique can 
be perfor.mOO dlrough a straight latenl incision, visualizadon is much better 
with a latmll parapatellar approach if the articular fracture is comminuted 
(Pig. 20-SE). The articular surface can be stabilized either definitively with 
mulliple 3.5-mm. screws or temporarily with multiple large Kiischner wies. 
Analomic reduction of comminumd metaphyseal fragments is not mandatoey 

FIG. 20-4 A and B. N' and lateral radiographs showing comminuted distal 
femoral fracture (OTA/AO A3). C and D. N' and lateral radiographs after heal­
ing, showing how the comminuted area was spanned by a locking plate. Note 
that the locking plate does not have to be flush against the bone to maintain sta­
bility. (CourteByofWaltBr W. Virlcu&, M.D.) 
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FIG. 20-5 A and B. AP and lateral radiographs of a comminuted intraar­
tlcular fracture of the distal femur (OT A/AO C3). C and D. Sagittal and coro­
nal reconstruction CT scans showing intraarticular comminution. E. Intraoper­
ative clinical photograph showing visualization of the reduced articular 
surface through a lateral parapatellar approach. F and G. AP and lateral ra­
diographs showing healing of the distal femoral fracture. (Courtesy of Walter 
W. Virkus, M.D.) 

as long as die relationship of die condyles to the diJtal diaphysis (uial align­
ment, 1eugtb. rotation) is RlStoml The J.oddDg-plate systems pi.Ked submus­
cularly play a crucial biological and biomechao.ical role in the atabiliza!ion of 
this fractme. The advent of locbd pl.atiDg has mlw:ed the number of cases 
that require bone grafting. One indication for grafting that still remains is 
the occurence of DWsive bone loss at the time of injury. F11Ithennore, the 
uae of locking plareslalerally virtually eliminates the need for a aecond plare 
medially. 

One of the best indications for the uae ofloc:bd plating is severe osteopeoia. 
Tbc stability of d1ese plates in poor-quality bone ill far superior to 1hat of con­
ventional implants. On very rare occasiODll, polyme1hylmetbaayl.ate (PMMA) 
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can be used to further augment fixation. After the fragments have been 
reduced, PMMA while in its doughy state is inserted into the medullary cavity 
across the fracture. This is done through a cortical window at the level of the 
fracture. This is rarely necessary if locked plates are used, but it may be 
needed with conventional implants. 

Rehabilitation 

After stabilization of supracondylar, intercondylar, and single-condyle frac­
tures, early motion is encouraged as soon as incisional pain becomes tolerable. 
Continuous passive motion is rarely useful in these patients unless other in­
juries prevent them from participating in a therapy program. Hinged knee 
bracing is used only in cases where the fixation is not felt to be stable or if 
there is an associated ligamentous injury. The length of time during which 
weight bearing must be avoided depends on the stability of the fracture, the 
stability of fixation, and the expected rate of healing. Patients fixed with lock­
ing submuscular plates can begin partial weight bearing as soon as callus ap­
pears on radiographs. This is frequently as early as 4 to 6 weeks, which can 
be 6 weeks earlier than allowed with conventional implants. Full weight bear­
ing should generally be delayed untillO to 12 weeks in articular fractures. 

CompllcatloDJ 

Complications are commonly nonunion, malunion, arthrofibrosis, and post­
traumatic arthritis. Nonunion is managed with autogenous bone grafting and 
rigid stabilization. Revision of the internal fixation device is frequently nec­
essary, depending on the time from initial injury and surgery. A stiff knee re­
markably worsens the prognosis. Great care must be taken to encourage ag­
gressive knee motion during rehabilitation. In cases of arthrofibrosis that 
are not responsive to aggressive rehabilitation, arthroscopic or open lysis of 
adhesions and manipulation is indicated. If surgical intervention fails and 
painful artbrofibrosis persists, arthrodesis is petformed. If tlrere is no prior his­
tory of infection. an intramedullary rod is used for knee fusion fixation. H there 
is a history of infection, a circular external fixater with progressive compres­
sion is used to stabilize the knee fusion construct. 

Varus and valgus malunion.s are invariably symptomatic and can lead to 
secondary arthritis and abnormalities of gait Extension and flexion malunions 
are better tolerated than those occurring in the coronal plane. Symptomatic 
malunion is managed with corrective osteotomy of the femur. 

Posttraumatic arthritis is managed with nonsteroidal anti-inflammatory 
drugs and local injection of steroids. Arthroscopic debridement provides only 
short-term relief of symptoms and recently has been shown to be of little ben­
efit for degenerative joint disease. Surgical options for degenerative joint dis­
ease not responding to conservative means include arthroplasty or arthrodesis. 
While the indications are changing, arthroplasty is frequently reserved for 
patients who are at least 40 years old. 
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21 Knee Dislocations 
Robert C. Schenck, Jr. James P. Stannard 

This chapter reviews and describes the diagnosis and management of knee 
dislocations. 

ANATOMY 

The osseous anatomy of the knee is discussed in Chap 20. The soft tissue 
anatomy includes the anterior and posterior cruciate ligaments, the medial col­
lateralligament and associated medial structures, the lateral collateral liga­
ment (LCL)Iposterolateral comer (PLC) complex and associated lateral struc­
tures, and the medial and lateral menisci. The anterior cruciate ligament 
(ACL) originates posteriorly on the medial side of the lateral femoral condyle 
and travels anterior, medial, and distal to insert just anterior and lateral to the 
medial tibial spine. The posterior cruciate ligament (PCL) originates on the 
posterior portion of the lateral side of the medial femoral condyle and courses 
distal to insert on the midportion of the posterior proximal aspect of the tibia. 

The medial-sided structures include the medial collateral ligament, the ham­
string tendons, and the medial capsule. The medial collateral ligament (MCL) 
has a deep and a superficial componenL Both components originate from the 
medial femoral epicondyle. The deep component inserts onto the peripheral 
rim of the medial meniscus and the proximal rim of the medial tibia. The su­
perficial component inserts on the tibia more distally, directly posterior to the 
pes anserinus. 

The PLC complex includes the lateral collateral ligament, the iliotibial 
band. the biceps femoris, and the thickened lateral capsule, which includes 
the arcuate ligament and fabellofibular ligament. The lateral collateral liga­
ment originates on the lateral femoral epicondyle and inserts on the head of 
the fibula. 

Classification 

Classification of knee dislocations can be by energy of injury, position of dis­
location, and the ligaments involved. Clinical experience has shown that the 
tibiofemoral joint can dislocate with either the ACL or PCL intact (bicruciate 
or cruciate intact knee dislocations). The direction of dislocation is frequently 
not known, as over one-third of dislocations reduce spontaneously. Further­
more, the position of the tibia on the femur does not identify what ligaments 
are involved. Magnitude of injury is useful in consideration of soft tissue in­
volvement and risk of arterial injury but again does not identify which liga­
ments may have been tom. We classify knee dislocations according to the 
ligaments that are disrupted. 

Four ligaments may be disrupted: the ACL, PCL, LCLJPLC, and MCL. 
The determination of which ligaments are disrupted is based on the physi­
cal examination, either immediately after the injury or later under anesthe­
sia, and MRI. Common dislocation patterns include: ACL/PCL/MCL, 

314 
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ACLIPCLILCLIP.LC, ACLIPCLIPLC. ACLIPCIJLCL, and ACUPCUMCJ.J 
LCIJPLC. 

A18Gdafecllojurlea 

Injuries associated wilh !moo dislocarloDs are vascular, neaml.ogic, or skeletal. 
The iD.cidcuc:e of popliteal u1ery injuiy reported in the litcnture varies 

fromS to 40% (Fig. 21-1). The presence of pedal pulses does not rule out ami­
nor arterial injury such as an intimal tear. Treatment should be guided by se­
rial vascular physical examinations. If lhe euminaDon is abnormal or there 
is any other r:eason to be hlghly suspicious of an arterial injuey, emergmt vas­
cular consnltation should be obtained. Ankle-brachial pressures can also be 
obtained. A value of 0.8 or lower suggests po111ible artmal injuly. Di&ruptim 
of lhe popliteal arteJy is a surgical emergency. Circulation must be reestab­
li.ahed wilhin 8 h orlhe chance of salvaging lhe leg is minimal. Stabilization of 
the knee with extemal fixation is lhe most effective meaw1 of protecting the 
vascular zepair. The external fixator can be left in pW:c and used to manage 
the ligamentous injury. 

The peroDelll and tibial aene. are at risk in a knee dislocatiou. The pero­
neal nerve is injured more freqnently than the bbial nerve, with an incidence 
of about 20%. The peroneal DelVe is most commoDI.y injured in association 
with the lateral ligamentous complex (e.g .• adduction injury to the knee: 
ACLIPCLILCLIP.LC tom, MCL .intact).ll is usually a tnwtion injury that can­
not be zepaired. The differential diagnosis of peroneal and tibial nerve deftcit 
im:ludes compartmmt syndrome. 

BoDY awlslom ofligamentotJs origins aDd insertions are distinct from~ 
t~~Ie--disloc:ati.ons of the knee. in. which ligamcmtous injury is associated with 
a fractare of the tibial or femoral condyles. Frequently, a bony avulsion facil­
itates ligamentous Iqlair. Bxamimllion by Jllll&lletic IeSODaDCe imaging can 
make the diagnosis of 8.11 awlsion injury mw:h clearer. 

FIG. 21-1 A and B. AP and lateral radiographs of an anterior knee disloca­
tion. C. Angiogram of 981lle patient showing Interruption of flow In the popliteal 
artery. (Coutte&y of Walter W. V111cu6, M.D.) 
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Dlagno1fa aadlaltlal.Maaagemnt 
Hiltory llNl Physical ExaminiJiion 

The mechanism of injmy is important because lhe incidence of associated in­
jurlea, .in particular poplitcal. aitciy c&rupti.oD, is less with low~gy (e.g., 
sporlll-rel.aled) injuries. However, the cliDiclan should be cautioned against as­
suming vucul.ar .imcgrity based on JD«hanism of injmy. 

The diaposis of a displaced knee dislocation is often obvious because of 
the gross dcfoiiiii.ty. However, fiequemly, 1he dislocalion has been mlw:ed 
during transit to the emergency department, and swelling may be the only 
obvious physical finding. Lacemtiou arc assumed to coiDIDlDiicatc with die 
joint unless proven otherwise. A medial skin furrow may indicate tbat the 
dial.ocation is complex (postaolatmd dislocation) or iJ:Ieducible with closed 
methods. 

A focwled vascular evaluation im:ludes palpati.ou. of pedal pulses, exami­
nation of leg and foot compartments, and assessment of skin color and capil­
huy Rfill. A focused neurologic evaluation im:ludes e.xamination of the pe­
roneal nerve (Le., sensmon on the dcmmm of the foot and ability to doraifiex 
the allkle) and tibial DeiVe (ie., seusation on the plmtar aspect of the foot and 
ability to plantarflex the aolde, foot, and toes). 

The initi.alligammtous evaluanon is pcrfcmncd .in a staDdardized lll8lllleJ' 

with reference made to the contralateral knee for comparison. The knee is 
slmisccl in varus and valgus with the knee in both full exlcllaim aDd 30 degm~~ 
of flexion; knee opeuing in full extension indicallls an injury to both cruciatcs 
aDd the associated collatmd.IDstability in 30 degnlCS of &Jdou iDdicates a tom 
MCL (valgus) or LCL (varus). Hyperextension indicallls a tom ACL and PLC 
(a positive hyperexteuiou m:urvatum test). A positive Ladlmm's test .indi­
Cidlls a tornACL. A J.acbman's testis pedonned by flexing the lmce to 2S de­
gnlCS. ODe hand stabilizes the 1higb aDd the olher slresses 1he tibia to diBplace 
the knee anteriorly and posteriorly. If there is an abnormal amount of motion 
lmtcliorly,the test is positive. The resting position .in lmce flexion may demon­
stmte a posmrior sag, suggestillg a PCL injmy (Fig. 21-2). Antaior 8lld poste­
Ii.or dtawC'I' lata IIRI perfoimcd by flexing 1bc knee to 90 degmls and applying 
anterior 8lld posterior streaaea. respectively.lnstability indicates a tom ACL 
aDd capsule or PCL and capsule, respectively. 

FIG. 21·2 Clinical image showing the posterior sag sign seen in injury of 
the PCL. ( Court9sy of Charles Bush-Joseph, M.D.) 
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Rldfograpbk Epmlnlffn 

The nelD'Ovuc:ular and radiographic elllllllinations are performed prior ton:· 
ducti.on (Fig. 21-lA and B). Anteroposterior and lateral radiographs aid in 
clu&ifying the injury by the position of the tibia on the femur and in deter­
mining whether there are associated fractures. Aftet the initial closecl reduc­
tion, the injmy is fuidler evaluated with magDdic n:aoaanc:e imaging (MRJ). 
MRl identifies whkh ligammta are disrupted and distiDguiahes mi.dsubstance 
tears from avnlliODll. Thill is partic:ularly useful in plmmi.ng the lllliDllgemeDt of 
a PCL disrupted knee dislocation. 

:Radiographs are obtained while the patient is anesthetized. 1be extended 
knee is slleS3edin varus and valgus. JoiDt-liDe opening indicates complete dis­
ruption ofbolh cruciate ligaments and of either the Ma. or LCL. Anterior and 
posterior drawer tests are also performed. Fluoroscopy may add to the clini­
cal exam (Fig. 21-3). 

'IhiiS, with the initial evaluation. pre- and postre®cti.on radiographs, MRI, 
examination under anesthesia, and oc:caaicmally, if needed, strea& radiographs, 
an aocu.rate pn:d.iaion of the damaged structures can be made. 

IDitfal Jbnagement 
Reduction .ia usually straightforwud and accomplished with longitudiDal ~ 
tion aod manipulation. Once the joint is reduced, the vasc:ular aod nelD'Dlogic 
examinati.ona are repeated. The knee is spUntcd and iced. PostapUntiDg ra­
diographs are obtained to eosure a concentric reduction. Ongoing residual sub­
hmalion should be avoided, especially if detinitive lmllmmt is to be delayed. 
In most cases, ankle-brachial indices or serial physical examinatiODJ are pcr­
fOJDICd to rule out an associated utcrial injmy. At a minimum. the patient ia 
admitted for obselvation. 

Debitiw Maagemeat 

Timing 

.Artbroacopy of1he acute lmee dislocation (within 14 days of injmy) is contra· 
indicated becanac of the risk of ftuid extravasation due to capsular dismption. 

FIG. 21-3 A and 8. Lateral stress radiographs demonstrating abnonnal pos­
terior (A) and anterior (B) translation due to multiligament instability. ( Coum!sy 
of Chartes Bush-Joseph, M.D.) 
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With the recent advances in ligamentous reconstruction and repair, including 
the use of allografts, it has become preferable to delay cruciate reconstruc­
tion until after a functional range of motion is obtained. The surgeon's expe­
rience and preference go into this decision, but acute repair or reconstruction 
of the ACL is associated with a high incidence of artbrofibrosis. The exception 
to this rule is an ACL avulsio~ where reattachment increases the stability of 
the knee without increasing the complexity or duration of surgery. Associated 
injuries to the PLC are also best treated early (within I month of injury) with 
either repair or reconstruction. Repair of collateral injuries adds to stability 
and is especially useful in treatment of the PLC. 

There are no clear clinical data regarding the benefits of repair compared 
to reconstruction of the collaterals and comers in patients with dislocated 
knees. The cruciate ligaments should be reconstructed unless a bony avul­
sion has occurred. Occasionally, closed management of knee dislocation 
is required because of associated injuries (soft tissue, multiple trauma, 
infection). 

Oosed management consists of immobilization of the knee in extension, 
using an external fuator for 7 to 8 weeks, followed by manipulation under 
anesthesia, arthroscopic arthrolysis, and range-of-motion exercises. This length 
of time frequently allows for satisfactory healing of the PCL. Frequently, ma­
nipulation under epidural anesthesia is required to regain full motion. Bracing 
is an acceptable alternative to external fixation if radiographs confirm a con­
centric reduction while the knee is in the brace. 

Surgical Management 

As mentioned, it has become clear that the knee can dislocate with an intact 
PCL or ACL. This is a key point: a functioning PCL directs surgical manage­
ment to the treatment of the torn ACL. In contrast, the dislocation in which 
both cruciate ligaments are tom is a much more complicated and unstable 
pattern, requiring treatment of both cruciate ligaments. 

One or both of the co11ateralligaments may be disrupted during a knee dis­
location. Disruption of a collateral ligament implies disruption of underlying 
capsular structures and directs the surgical approach to ligamentous repair or, 
more commonly, reconstruction. 

Fundamental techniques and principles of surgical management include 
the following. Midline incisions are used whenever possible to minimize the 
incidence of wound-healing problems in the event that other surgical proce­
dures should be performed in the future. Reattachment of ligamentous avul­
sions can be accomplished with the locking whip stitch, as described by 
Krackow et al. (1988). Bony avulsions are repaired with sutnre or screw 
fixation. Direct repair of midsubstance cruciate tears is not advocated; these 
are reconstructed, while .midsubstance collateral and comer injuries are re­
paired or reconstructed depending on the residual tissue available. Ligaments 
avulsed from their insertions or origins are reattached with a screw and 
spiked washer or reconstrncted. Fixation of an autograft or allograft is ac­
complished by fixing the graft in bony tnnnels in the femur and tibia (Fig. 
21-4). The key to reconstruction of the dislocated knee is first reconstruct­
ing the PCL. Multiple ligamentous reconstructions routinely use allograft due 
to their availability and the desire to avoid further trauma to the knee by har­
vesting autografts. 
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FIG. 21-4 A and 8. Postoperative AP and lateral radiographs following ACL, 
PCL. and PLC reconstruction. ( Couftesy of ChBffes Bush-Joseph, M.D.) 

Specific Surgical Techaiquu 

The following descriptions of surgical DlliDllgCment of the dislocated knee 
me baaed on 1hc lipmmta involved. 

7)pe 1: ACLIMCLILCL tom, PCL inl«t. PCL inmgrity directs the trea1ment 
of this type of dislocation to the ACL R.econatruction of dle ACL is delayed 
until range of motion is :restored and collateral healing bas OCCUlTed. 

Type H: ACLIPCL tom, MCLILCL intad. This injury pattem is rare, and its 
~is simplified bydle intact collaterals. The key to sua:essfulman­
agemeDt .is m.:onstruction of the PCL and ACL. 

Tgpe JU: ACLJPCUMCL tom, LCUPLC inttld. The primary goal is recon­
struction of the tom structures. Simultaneous bicruciate reconstruction can 
be performed with an arthroscopically assisted technique after functional 
l'8I1JO of motion has beeD obtained. DepeDdjng on healing of the PLC, recon­
struction of this collateral structure may be n:quiml and is usually perfonned 
through an open approech. The use of PCL inlay va. tibial tuDDels is complex 
and dependent on the surgeon•s experience. 1be inlay oronlay tedmique, ac­
complished uaing a trough in the beck of the proximal tibia. has beeD associ­
ated with improved results in both clinical and cadaveric studies. 

Type .rn ACL/PCULCUPLC tom, MCL in/ad, The tearing of both the LCL 
and PLC complicate~ treatment. It ia important to reestablilh dle PLC and as­
sociated tendinous structures (i.e •• biceps femoris andlor iliotibial band) in ad­
dition to the PCL. The incision is posterolateral. The peroneal nerve is identi· 
fied and protected. and the knee is inspected by subluing the tibiofemoral 
joint. The locking whip stitch is used to reattach or repair the LCL and a&SO· 

ciated posterolateral structures. Alternatively, a reconstruc:tion that recreates 
the LCL. the popliteal. and the popliteofibular ligament can be performed. 
Again, the timing of reconstruction of the ACL and PCL JDDst be based on 
clinical experience. Acnm PLC repair combined with simultaneous ACUPCL 
tecoDStructions will pose a high riak of stiffness. 
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Type V: ACLIPCLIMCLILCLIPLC tom. This pattern is most frequently a 
high-energy injury characterized by gross instability and frequently accom­
panied by neurovascular compromise. Repair of the PCL and posterolateral 
corner is the primary goal. By using a posterolateral incision, these two struc­
tures can be explored and repaired or reconstructed. A medial incision may 
be required to reattach the PCL to the femur or to reconstruct it with an auto­
graft or allograft. ACL reconstruction, simultaneous or staged, allows for 
functional knee stability. The presence of multiple trauma complicates post­
operative management. 

RehabiUtatlon 

Postoperatively, the leg is maintained in a postoperative reconstruction brace. 
Aggressive physical therapy concentrating on range of motion is critical. An 
ankle-foot orthosis is used if foot drop is present. 

ComplicatioDJ 

Complications unique to a dislocation of the knee are arthrofibrosis, residual 
laxity, and incompetent lateral structures. 

Arthroftbrosi.s results in loss of motion. It is best avoided by following the 
surgical repair with rigorous physical therapy or by delaying reconstruction 
until motion has been regained and inflammation diminished. We prefer the 
latter approach. If 90 degrees of flexion has not been obtained by 6 weeks 
postsurgery, manipulation under epidural anesthesia and arthroscopic scar 
excision are performed. Epidural anesthesia is continued postoperatively for 
2 to 3 days to maintain motion. In our experience, even in the best of situa­
tions, stiffness occurs in reconstructive bicruciate surgery and, once seen, 
requires careful observation and early aggressive treatment. Stiffness result­
ing from surgical reconstruction can be severely limiting and difficult to treat. 
It is best avoided by initially reestablishing range of motion after definitive 
reconstruction. 

Residual laxity is frequently seen in dislocated knees treated nonopera­
tively. Although laxity is problematic for the patient, stiffness, as outlined 
above, is a more difficult problem functionally than is instability. Residual lax­
ity after an attempted reconstructive effort requires careful evaluation of graft 
source, tunnel or inlay placement, and the functional stability of the comers. 

Incompetent lateral structures result in posterolateral rotary instability 
(PLRI). Repair of the lateral structures can be difficult (m.idsubstance tears of 
the LCL are particularly difficult) but may be attempted. Alternatively, the 
PLC can be reconstructed. Unlike combined ACIJLCL injuries, in which the 
LCL is frequently treated nonoperatively, the LCL in a knee dislocation is 
repaired or reconstructed to promote lateral stability. Biceps tenodesis can be 
used to augment an LCL injury. The ACL reconstruction is necessary after ini­
tial LCUPCL surgery (ACL functioning as an internal collateral) to provide 
stability in extension. 
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22 Fractures of the 
Proximal Tibia 
Robert C. Schenck, Jr. James P. Stannard 

This chapter reviews fractures of the proximal tibia (the tibial spines and me-­

dial and lateral condyles). Commonly referred to as tibial plateau fractures, 
they involve the proximal articular surface of the tibia. 

ANATOMY 

The knee is a compound joint consisting of a sellar joint between the trochlea 
of the femur and the patella and two condylar joints between the condyles of 
the femur and the tibial plateaus. 

The pro:Dmal tJ."bia includes the medial and lateral condyles, or plateaus, and 
the tibial tuberosity. The articular surface of the tibia comprises the cartilage­
covered medial and lateral plateaus, which articulate with the corresponding 
articular surfaces of the femur. The medial and lateral menisci provide con­
gruency between the convex femoral surface and the relatively flat tibial 
plateaus. They also bear a portion of the load as it is transmitted from the dis­
tal femur to the proximal tibia. The two plateaus are separated by the anterior 
and posterior tibial spines (i.e., the interoondylar eminence). The anterior tib­
ial spine is the insertion of the anterior cruciate ligament and the attachment 
of the anterior and posterior horns of the lateral meniscus and anterior hom of 
the medial meniscus. The posterior tibial spine is the attachment of the poste­
rior hom of the medial meniscus. The posterior intercondylar area is the inser­
tion of the posterior cruciate ligament. The fibular facet on the lateral tibial 
condyle faces laterally, distally, and posteriorly. 

The tibial tuberosity is the anterior projection of the tibia, onto which the 
patellar ligament inserts. It is approximately 2 em distal to the articular surface 
of the tibia. 

Classification 

Tibial plateau fractures have been classified by many systems. The classifica­
tion of the Orthopaedic Trauma Association (OTA/ AO) for the proximal tibia 
is similar to that for other anatomic areas. Type A is extraarticular fractures, 
type B is unicondylar fractures, and type Cis bicondylar fractures. A subtype 1 
to 3 is added to describe increasing comminution. Despite this comprehen­
sive classification system, the system described by Schatzker et al. (1979) is 
currently the most commonly used by practitioners (Fig. 22-1). It is as follows: 
type I, split fracture of the lateral plateau; type II, split-depression fracture of 
the lateral plateau; type III, depression fracture of the lateral plateau; type IV, 
fracture of the medial plateau; type V, bicondylar fracture of the proximal 
tibia; and type VI, bicondylar plateau fracture and associated metaphyseal­
diaphyseal fracture. Types I to mare low-energy fractures. Types IV to VI are 
usually high-energy injuries. 

SpUt fractures (Schatzker 1) of the lateral plateau occur in young patients 
with dense bone. The mechanism of injury is usually a blow to the lateral side 
of the knee. This fracture, which is best seen on the anteroposterior projection, 
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FIG. 22·1 lhe Scha1zker classification of tibial plataau fractures. 

is vertical aDd seldom widely displaced (Fig. 22-1, 1). The lateral .meniscus 
may be tom peripherally and dislocated into die fracture lite. 

Spllt-depradon tradares (Scbatzker ll) are the most common type of 
tibial plateau fracture. Theae tend to occur in slightly older patients than 
Scbatzkcr I fm~. The mechaDism of iD.jmy is a valgus sl:Iess 1bat impact~ 
the lateral femoral condyle against the plateau, f'rllauring the lateral portion of 
the plateau from the pnWmal tibia. As the femaral CODdyle continues to im­
pact the remaining medial portion of the lateral plateau, it drives a segment 
of articular IRIIfacc into the metaphysis. This dcpEeascd scgmeut is always on 
the medial aide of the fracture, not on the lateral. split fragment (Fig. 22-1, 
ll). Whether the depressed segment is anterior or posterior depends on the 
degree of knee flexion at the time of injury (extension ia associaled with an­
terior dcpEeasion, ft.eDon with posterior deplesaion). 

Lateral-dep11!111doo fractures (Scbaczker Ill) occur in osteopcnic bonc. 
The ~banism of injury ia a low-energy valgus stress: the lateral femoral 
condyle sinks into and depresses the lateral plateau. The lateral rim can be 
intact, or die entire lateral plateau may be depressed (Fig. 22-1, Ill). 

Medial pbaau fractures (Sc:balzb::r IV) range from low-energy medial· 
depression fraeturea similv to those described above on the lateral. aide to 
severe fractnm...dialocationa frequently 8880clated with neurovaac:ular injuries. 
Low-energy fractures are caused by a varus load to the knee. High-energy 
fradurea are caused by axial aDd valgua forces across the knee, c:auaing the lat­
eral femaral condyle to bit the tibial spjnes a1.cmg a vector diRctcd m.cdi.ally 
and distally. The medial tibial condyle and the tibial spines are fractnrecl and 
driven along this vector. A variety of ligamentous injuries may occur in asso­
ciation with thia fractnre; in fact. thia injury may often represent a fracture­
disl.ocation (Fig. 22-1, IV). 

BimDdylar platuul'nldures (Schalzker V) involve both condyles and are 
the result of complex high-eDergy trauma. AIISOciated neurovascular (includ­
ing compartment syndrome), ligamentous, and extensive soft tissue injuries 
are common (Fig. 22-1, V). 

Plateau fractures 811110dated widlal'.nu:tare or the proximal metaplay­
... dJapbJ8eal JundloD (Scllatzket VI) are similar to bicolldylar fracturea in 
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that they are the result of high-energy trauma and frequently are associated with 
neurovascular, ligamentous, and soft tissue injuries. Historically, there is a high 
incidence of nonunion and postoperative infection in these cases due to the 
magnitude of the soft tissue injury and the extensive surgical exposure occa­
sionally necessary to redoce and stabilize the fractures (Fig. 22-1, VI). 

Associated Injuries 

Injuries frequently associated with fractures of the tibial plateau are soft tissue 
injury to the ligaments or mensci, injury to the popliteal artery or trifurcation, 
compartment syndrome, and injury of the tibial or common peroneal nerve. 

Fracture of the medial or lareral plateau may be IIIIOclated with rupture of 
any ligament or a tear of either meniscus. Studies have suggested these in­
juries occur in 50% of tibial plateau fractures. It is important to pay specific at­
tention to the contralateral-collateral ligament. This combination of fracture 
and ligamentous injury about the knee has been described by Moore as a frac­
ture-dislocation. In low-energy injuries, while dislocation is unlikely, liga­
mentous injury on the side of the knee opposite the fracture may result in 
residual knee laxity despite anatomic reduction of the fracture. 

Injuries of the popliteal artery or trifurcation are most likely to occur 
with high-energy medial tibial plareau and hi condylar fractures. If distal pulses 
are absent, emergency consultation with a vascular surgeon should be obtained 
immediately. 

Compartment syndrome is indicated by the presence of the classic signs 
of increased intracompartmental pressure: pain at rest, pain with passive 
stretch of involved muscles, tense compartments, and numbness in the foot. 
This is a common complication following high-energy tibial plateau fractures 
and must be ruled out. 

Injuries of the tibial and peroneal nerves are identified by assessing sensa­
tion on the plantar aspect of the foot and in the first web space and by assessing 
active contraction of the flexor and extensor hallucis longus, respectively. 

Diagnosis and Initial Management 

History and Physical Examination 

There is pain, swelling, and a history of injury with virtually any fracture of 
the proximal tibia. There may be no discentible deformity, but there is usnally 
a large knee effusion, which, when aspirated, has blood with fat in it, indicating 
an intraarticular fracture. Physical examination of the knee, even under anes­
thesia, can be quite difficult. The accuracy of the exam is limited due to the 
skeletal instability, pain, and swelling. Apparent ligamentous laxity may be a 
misinterpretation of motion occurring through the fracture site or due to the 
femoral condyle falling into a depression. It is equally easy to assume that mo­
tion is from the fracture and to miss a significant ligamentous injury. Accurate 
diagnosis requires a careful examination of the knee under anesthesia (in­
cluding fluoroscopy). Failure to diagnose and treat ligamentous injuries either 
surgically or through rehabilitation can seriously undermine the patient's func­
tional recovery. 

Radiographic Examination 

Radiographs in the anteroposterior and lateral planes are standard. Tilting the 
beam 10 degrees caudally, so that it profiles the articular surface, provides 
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more IICCIIDltc i.Dfmma1ion n=gardiDg the amount of depression. Jn some in­
atmces. obtaining a traction view with either radiographs or tluoroscopy can 
provide valuable information for the surgeon. Computed tomography (CT) 
acans, and more recently magnetic resonance imaging (MRI), can be very 
helpful for lhe evaluation of associated injuries aDd pmlpmlti.ve phuming for 
bony fixation. MRI can yield crucial information regarding the status of the 
ligaments aDd meDisci while provi.cting adequate bone detail. as well. However, 
an MRiacan can be time-consuming to obtain and may be impossible if a 
spuming memalfixator is in place; it is also IIIUCh more expemdve tbaD cr. 
Although cr IIC8Ilning has been the classic aecondary radiographic study for 
preoperative phuming, the infmmation obtained tbrough liD MRI n:guding 
bone and soft tissue may lead to MRI being the study of choice in the future. 

lnitWI MaMgement 

Initial management of these injuries depellcb on their severity. For low-eDergy 
injuries without my axial shortening, a well-padded long leg splint that main­
tains the leg in the proper alignment is adequate. For more severe injuries, 
management &bould be directed by the status of the soft ti&sne. If the soft tis­
sue envelope of the proximal tibia is ODly milclly swollen, a loDg leg splint may 
be adequate. If soft tissue injury is severe, heralded by blisters or severe 
sweUing, definitive managemeat willlibly have to be delayed. In dlese cases, 
a ~.,.nnlng eDenllll flxator baa many beuefi.ts. A spanning fixator pro­
videa a pro~sioaal n:cb:tion and allows the :li:actuR to be held out to aoatomic 
lengtb. wbich facilitates the recovery of the soft tissues and makes eventual 
surgical Rlduction of tbe fracture easier (Fig. 22-2). It also greatly increases 
patient comfort until definitive fixation can tab place. A apanning extemal 
fhator is also often indi.ca1ed in patients with an open fracture or associated 
vascular injury. 

Definitive Muaganeot 

The goats of management of bbial plateau fractures are to decRase the risk 
of posuraumatic Oflteouthri.tis md provide a stable knee with a uormal axis 
of aligJ~D~eDt.lndica!ions for open!ive management are reducible .intraarticu­
lar incongruity, intnuiiti.cular displKelllmt (i.e., a gap without a step-oft) of 
3 mm or more, ligameutous instability, or a deviatiou in the alignmeDt of the 

FIG. 22-2 A knee-spanning external fixator on a patient with a high·energy 
tibial plateau fracture and severe soft tissue InJury. (Courtesy of Walter W. 
Virlrus, M.D.) 
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knee. Residual articular incongruity of the lateral tibial plateau is better tol­
erated than similar incongruity of the medial plateau. Indications for nonop­
erati.ve management are a fracture that cannot be satisfactorily reduced and 
stabilized, usually due to extensive comminution or blisters, or preexisting 
arthritis. Furthermore, fractures in the elderly patient where there is less than 
10 degrees of valgus instability also have been shown historically to do well 
with nonoperative treatment 

Nonoperative Treatment 

The nonoperative management of tibial plateau fractures consists of approxi­
mately 12 weeks of protected mobilization in a long leg cast-brace. Knee mo­
tion in the brace is limited to 30 or 40 degrees for the first 3 to 6 weeks and 
then allowed in the full arc. Minimally displaced plateau fractures are best 
evaluated with a careful examination (frequently under anesthesia) to look at 
varus and valgus stability in full knee extension. Less tlum I 0 degrees of valgus 
instability is a clinical finding that indicates good potential for nonoperative 
management. Rasmussen (1973) described this finding initially. 

The goal of operative management is :restoration of length, alignment and 
rotation, anatomic alignment of the joint surface, and stabilization adequate 
to allow early motion. The surgical exposure and method of stabilization are 
based on the type of fracture and the status of the soft tissue. 

Split fractures are reduced closed nnder fluoroscopy and stabilized with per­
cutaneous screws. To reduce the fracture, the knee is flexed to 30 degrees and 
a varus stress is applied. At the same time, the lateral plateau is pushed medi­
ally toward the proximal tibia. If this maneuver does not result in reductio~ 
the fracture is exposed through a lateral parapatellar approach. The block to re­
duction (frequently the lateral meniscus) is identified and removed. Non­
weight bearing is maintained for 6 to 8 weeks. 

Split-depression fractures are exposed through a lateral parapatellar or 
lateral incision. The coronary ligament of the lateral meniscus is incised and 
the meniscus is elevated. The fracture is '"booked open" through the split com­
ponent, thereby exposing the depressed segment. The depressed segment is 
elevated and the resulting defect bone-grafted. The split fragment is then re­
duced and stabilized with a buttress plate, with the screws or wires placed di­
rectly under the subchondral bone to serve as a ''raft" for the elevated articular 
segment. A 3.5-mm plate is adequate for most unicondylar lateral fractures 
(Fig. 22-3). 

Depression fractures are managed operatively through a parapatellar or lat­
eral incision. The tibial attachment of the meniscus is incised and the menis­
cus is retracted superiorly to expose the plateau. The lateral plateau is elevated 
with a bone tamp inserted through a window in the lateral metaphysis. The 
resulting defect is packed with bone graft, bone graft substitute, or calcium 
phosphate cement. The articular surface is stabilized with multiple 3.5-mm 
screws placed immediately under the subchondral bone, using a ''rafting" 
technique. A plate is applied laterally if the lateral rim of the plateau is de­
pressed as well. Some cases may be amenable to arthoscopic evaluation of 
the reduction if screws alone are planned for fixation. 

Medial plateau fractures are managed operatively through a medial para­
patellar or posteromedial incision. Depending on the location of the fracture, 
the medial meniscus can be elevated. There may be minimal compression with 
high-energy fractures, in which case bone grafting is not necessary. A plate 
is required for stabilization because simple lag screws do not provide adequate 
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FIG. 22-3 A. AP radiograph of a Schatzker II split-depression tibial plateau 
fracture. B. Coronal reconstruction CT scan showing lateral split fragment and 
depression of the medial portion of the lateral tibial plateau. C. AP radiograph 
3 months following OR IF. Note screw and Klrschner-wlre placement directly be­
low the subchondral bone. (Courte&yof Walter W. Virlrus, M.D.) 

stability to prevent displacement. Such fractmes call for a WOld of caution: 
8D8tomic plate fixation placed posteromedially is often required to prevent en. 
pW:ement. In hiah-eDerJY injuries, ligamentous repair or reconstruction may 
be DeCe&&ary, but Ibis may be best delayed until osseous healing has oc:c:urred 
aDd I'BDp of motion has been IeStmed. 

:BicoodJiar frac:ture& with or without a metaphyaeal dissociation are treated 
similarly. The options are open reduction and iDtemal fiution (ORlF) with 
anatomic joint rednction and plam fixation of the articular segment to the tib­
ial shaft or limited reduction aDd fixation of the articular fracture with eldemal 
fixation to stabilize the articular segment to the tibial abaft. In choosing the 
best option, tbe surgeon must CODIIider tbe amouut of arti.c::ular co.mminution 
aDd the status of the soft tissue envelope of the proximal b'bia. 

If the articular segmeat is very oomminuted and the soft tissue severely in­
jured, limited intemal fixation and stabilization with a thin-wire fixator or pin 
monolateral bator may be the best option. If the articular segment is recon­
llttiK:table but the soft tissue injury is severe, then a knee-spanning exta1lal. fix. 
ator can allow tbe soft tissues to recover and fomlal ORIF with plate fixation 
can be perfonned 7 to 14 days a&r injury. 

Llmlted IDtenal flub arul ederDal flutloD is an exceUeat option in 
cases of severe articular comminution, open fractures, fracture& uaociated 
with <:01Dpartmen1 syndrome, aDd umesolving soft tissue injury (Fig. 2.2-4). 
This method should be perfonned in the first 7 to 10 days, when fracture frag­
mcnts are still moblle. Tbe micular surface is m11K:ed by cloaed lllllllipulation 
or lllliDipulation of fracture fragments through small incision&. These frag­
ments are then stabilized with multiple lag screws. The articular segment is 
then :reduced to the tibial abaft and stabilized with a thin-wire or half-pin fix­
ator. These pins or wires must be placed at least 14 mm distal to the joint line 
to prevent them from traveming the reflection of the joint capsule and poten· 
ti.ally leeding to septic arthritis. Distally, fixation in the tibial shaft is obeained 
with thin wires or half pin&. 

ORIF wltllaaatomk proDDal tibial plates is an excellent option for fix­
ation of tibial p1atean fractures eitbel' IICIItcly or after a short duralion of joint­
spanlling extemal fixation. It fs critical, however, Olat ateDsDe aposura 
not he performed througll~~everely swoUea 10ft tissue. as rate& of wound 
debiscense and deep infection are high. It must be determined whether the 
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FIG. 22-4 A and 8. AP and lateral radiographs of a comminuted fracture of 
the proximal tibia wrth a splh Into the tibial plateau. C and D. Postoperative AP 
and lateral radiographs showing an llizarov·type thin-wire external fixator and 
lag screws stabilizing the proximal tibia. ( Couft6Sy of Wsltet W. Virkus, M.D.) 

medial coDdyle will have to be redw:ed open aDd wbciber it will r:eqoim am~ 
dial plate for stable fixation. If 1he medial fragment is minimally displaced. it 
can be reduced clofled. Often. however,dle medial condyle is rotated or dis­
placed posteriorly, md in this situation 1he medial plateanllhould be :reduced 
opeu, because IIIU1tomic closed mhlclion is vr:zy difli&ulL If the medial plateau 
fragmmtis1arge, it can be adequalely lltabilized by a latcml.locking plate. If the 
fragment is small. l.lODIIIIinuted, or ostccJporolic or if a locking plate is not I» 
iDg used, a separate medial or posteroDifdial plate llhould be used to stabilize 
tbe medial fragmeDt. It a medtal plate fs ued, tt fs erltleal Chat It be iD8ertecl 
dlnagh a aepante medJallnd&lon aad DOt placed thrcJucll the 8IIDle Jocl­
sloll tbat fs ued to IDIIert the lateral plate. Pl.atiDg both sides oftbe proxi­
mal tibia through one incision leads to exc:euive soft tislille stripping, bone 
dcvascul.arizat, aDd a high iDcidence of DODUDi.OD or infection. 

After the medial fragment is reduced, either to the lateral plateau or the 
metaphysis, the lataal plateau is reduced aDd stabilized. This may r:eqoim el~ 
vatiOD of a depressed portion of the plateau and em be performed through a 
lataal parapatellar or mterolatenl approach. A 4.5-mm matomic plate is then 
1IICd for fixation. Locking platea provide excellent fixation and, as mentioned, 
can JRVeDt Wal collapse of a medial plateau fnlgmmt (Fig. 22-S). 

For fractures that are minimally displaced or that can be reduced through 
small incisions, minimally invasive plating with lockiDg plates is an excel­
lent option (Fig. 22-6). A hockey-atick incision is recommended if the LISS 
pl.atiDg system. is employed. Altmlatively, it can be placed usmg a lataal para­
patellar approach. 'lbe incision llhollld be the minimum necessary, with the 
plate slid into the submuscular plaDe and the distal screws placed percuta­
neously. Depending on the degree of displacement, the reduction can be ac­
complished with either indirect techniques, using traction ud fluoroscopy, 
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FIG. 22·5 A. AP radiograph of a bicondylar fracture of the tibial plateau. 
Band C. Postoperative AP and lateral radiographs showing a posteromedial 
3.5·mm LCD plate and a la1eral4.5-mm locking plate placed through sepa­
rate Incisions. (Coult9Syof Walt61' W. vtrlws, M.D.) 

arthroscopy-usisted teclmi.ques, or under direct visualization usiDg a sub­
meniscal arthrotomy. 

Rehahilllatloa 

Early postoperative motion i& critical to attaiDillg a good functional result. 
With the cxc:cption of split fracturea, noD-weight bcarlng is maintai.Dccl for 
12 weeks when conventional implants are used. Patients with split fractures 
can bear weight as tolemted at 6 weeks. If a locked plate is used, weigbl bear· 
iDg is allowed as soon as there is any e~ of callus formation on radio­
graphs. This ftequeDtly ocx:ur& in 6 wedts. 

Complh:atlou 

Complicalions of tibial plaleau f'ral:tuml inclDde arthritis. nonunion, malunion, 
ardm>fibn»is, infec:tiol1. arullate subsidelloe of a reduced plateau. 

FIG. 22·6 A and B. AP and lateral radiographs of a minimally displaced 
blcondylar fracture of the tibial plateau. C and D. Postoperative AP and lateral 
radiographs following placement of lag screws and percutaneous plating using 
the LISS device. 
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Arthritis results from articular incongruity or injwy to the articular cartilage 
that occurred at the time of fracture. Patients below 50 years of age are man­
aged with nonsteroidal anti-inflammatory drugs and local steroid injections. If 
the symptoms warrant, an arthrodesis or a varus or valgus high tibial osteotomy 
designed to "unload" the involved condyle is performed. Patieots above 50 years 
of age with arthritis are mauaged with au arthroplasty. The incideoce of fuoc.. 
tionally limitiog arthritis after tibial plateau fractures is not well defined but 
does not appear to be directly related to the quality of the articnlar reduction. 

Nonunion of tibial plateau fractures is rare; when it occurs, it is often ac­
companied by infection. In evaluating the nonunion, it is important to determine 
whether it is infected, whether the knee joint is arthritic, and how much motion 
is occurring through the knee as opposed to through the nonunion. If there is 
no evidence of infection and there is severe arthritis, the nonunion is managed 
with an arthroplasty in patients above 50 years of age. In patients below age 
50, the nonunion is managed with au arthrodesis by using au iutramedullary nail. 

Management of aseptic nonunions without arthritis consists of rigid stabi­
lization in the form of plates and screws and autogenous cancellous bone 
grafting. Restricted knee motion is associated with a high incidence of failure 
of fixation. 

The principles of management of infected nonunions of tibial plateau frac­
tures are debridement of necrotic tissue, stabilization of the nonunion (with 
plate and screws or an external fixator), management of dead space with 
antibiotic-impregnated beads or muscle flaps, soft tissue coverage with local 
or free tissue transfer, and antibiotic coverage based on the sensitivities of 
the pathogenic organisms. Septic nonunion of the tibial plateau is frequently 
associated with destruction of the joint. In these cases, knee arthrodesis is 
performed with au external fixator. 

Malunion usually results from inadequate reduction of one or both 
condyles. If malunion results in malalignment of the limb or joint, a corrective 
osteotomy shonld be performed. 

Arthrofibrosis is common following tibial plateau fractures and is best 
treated by preveotion with slable fixation aud early aggressive physical therapy. 
In refractory cases, after fracture beating and soft tissue equilibrium has been 
obtained, arthroscopic or open resection of adhesions and rarely quadriceps­
plasty followed by aggressive physical therapy may improve knee motion. 

Late subsidence of a reduced tibial plateau occurs in osteopenic patients 
who have sustained a depressed fracture of the lateral plateau or a low­
energy fracture of the medial plateau. At-risk patients are followed closely 
after weight bearing has been initiated. If subsidence is suspected, weight 
bearing is discontinued and aggressive physical therapy, in particular active 
range of motion, is instituted. After 2 to 4 weeks, partial weight bearing in a 
varus (lateral plateau) or valgus (medial plateau) orthosis is reinstituted and 
gradually iucreased. Radiographs are obtained weekly until the patieot is bear­
ing full weight. If subsidence has occurred and instability or alteration in the 
axis of the knee is symptomatic, management with osteotomy or arthroplasty 
can be considered. 
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23 Injuries to the Knee 
Extensor Mechanism 
Miguel A. Pirela-Cruz Enes M. Kimlic 

Anatomy 

The knee extensor mechanism consists of the quadriceps muscles, quadri­
ceps tendon, patella, patellar retinacula, and patellar ligament. Disruption of 
any of these components will impede active knee extension. 

The extensor muscles of the thigh (rectus, vastus lateralis, vastus medialis, 
and intermedius) form the quadriceps and its tendon, which inserts at the base 
of the patella. The patella is the largest sesamoid bone in the body. Its anterior 
surface is convex, lying just under the subcutaneous tissue, which makes it more 
susceptible to injucy. Its posterior surface has three facets covered by thick car­
tilage that articulate with the trochlea of the femoral condyles. The apex (distal 
third of the patella) is not covered by cartilage. The patella provides a fulcrum 
for knee extension, improving the knee's strength. The medial retinaculum is 
formed from extensions of the fascia lata and the vastus medialis aponeurotic 
fibers and the lateral retinaculum from the vastus lateralis and the iliotibial tract. 
The retinacula insert into the proximal tibia and serve as a secondary extensor 
mechanism. It is possible to have active extension in minimally displaced patel­
lar 1iactures with preserved retinacula. The patellar ligament is a strong, S-cm­
long structure connecting the patellar apex to the tibial tuberosity. 

Biomechanics 

Getting from a sitting to a standing position imposes on the patella forces that 
are three to seven times the weight of the body. That is why the patella has 
the thickest cartilage (4 to 5 mm) in the body and the fixation of fractures must 
be sound. The height (thickness) of the patella increases the lever arm in knee 
extension. Terminal extension (the last 15 degrees) is up to 60% weaker in 
knees without a patella than in those with the patella intact. 

Clanificatlon and. Nomenclature 

The Orthopaedic Trauma Association (OT A) classification describes three 
main fracture groups (Fig. 23-1 ). Type A (extraarticular) 1iactures present with 
an avulsion of the apex. Type B are partial articular fractures, often vertical, 
with a preserved extensor mechanism. Type C fractures are articular, with var­
ious degrees of complexity and a completely disrupted extensor mechanism. 

Division into nondisplaced and displaced fractures is simpler and more 
practical. Surgery is indicated for displaced fractures distracted more than 
3 mm and/or with an intraarticular step-off of more than 2 mm. 

MechmiJm of Iu,fuey 

Patellar fractures are caused by a direct blow to the patella, as in an impact 
against the dashboard of a motor vehicle or a fall on the bent knee. Indirect frac­
tures are avulsion injuries caused by the ligamentum patellae or quadriceps ten-
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Group A GroupS Groupe 

FIG. 23·1 CYrNAO classification: A Extraanicular fracture. 8. Partial articu­
lar fracture. C. Complete articular fracture with disrupted extensor mechanism. 

don. A transvezse pa!ellar fracture may develop from the eccmtric contraction 
of the quadrlccps mechanism while a person iA landing from a height. 

Physkal EnmtnaHoa 

Pa.tiel1ts pJesent with IICilte pain and a bistmy of 1nwma. Defonnity can be sig­
nificant in cases with a disrupted capsllle or less marked with an intraarti.cn­
lar cffusi.011 and hl:martbrosi& where there is less diBplacement. The skin must 
be evaluated to Dlllb sure there are no wounds commnnies.Uing with the fnw­
tnre or joint The gap in the knee extenllor area is often euily palpable in aig­
nifi.caDl displacemenU. The most important part of the local exam iA to evaln­
ale the integrity of the extensor mechanism (cspeciall.y if there is no displaced. 
patellar fracture 011 the radiographs). If the pment is not s.ble to lift the ex­
tended leg from the exam table's surface or to hold it exlended, there is prob­
ably a disruption of the extensor mechanism. Palpation can help tn determine 
the level ohuptme (above, below, or at the patella). If pain md swelling an: 
significant, one most aspirate the blood from the joint and inject a local anet­
thetic. If palpati011 suggests a higher probability of quadriceps tendon or liga­
liiCiltum palellae IUp1uie. tbose areas can be iDfii!Ilded.. The absence of active 
extension (when pain is absent or controlled by a local anesthetic) suggests 
disruption of the extensor mechanism and the need for a surgical repair. One 
must exclude femonilDCIVe paby and evaluate 1he Il'Bt of the lower exDeln­
ity (active and passive motion of the hip, ankle, and foot as well as sensation 
and pu)lles). 

bdttal Management 

If the fracture is not displaced and there i.s liUle traumatic effusion, a knee 
immobilizer or cylinder cast with weight bearing as talented is recommended. 

A displaced fracture with complete disruption of the extensor mechanism 
must be ueated surgically. In the meantime, the patient needs a knee immo­
bilizer, ice, elevation, and pain medication. If swelling is llignificant, upiration 
and an inttaarti.cular anesthetic with a compmlli.ve dressing will provide com­
fort and a faster recovery. 

Alloc:latad IajwUs 

Patellar fracture& caused by high-energy direct blows to the knee must be eval­
uated for additional injuries of the involved ex1nmlity. Some 5% of J.igamen­
tnus injuries of 1be knee that require treatment occur with patellar fractun:s. 
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Rldfograpbk Epmlnlflou 

Anteroposterior and lateral radiographs (including the distal femm and prox· 
imal tibia) (see Fig. 23-SA) are essential in evaluating patellar fractures. A 
skyline view is us.eful in cases of suspected vertical fractures and/or osteo­
chondral fragments. This is obtained by placing the knee in 4S degrees of 
flexion and directiag the beam from distal to proximal through the anterior 
aspect of 1he bee joint (wcomfoltable md UDileCell8ary far patients with ob­
vious fracturea). 

H there is no patellar fracture, the position of the patella muat be evalu­
ated. Low position (baja) indicates possible quadriceps diaruption (see Fig. 23-
7A). High position (alta) augges18 injury to the ligamentum patellae (avulaion 
or rupture) (see Fig. 23-SA). 

Magnetic resoDADce imaaing (MRI) is helpful in evaluating asaociated in­
juries (ligaments, menisci, or cartilaginous defec18). 

A bipartite patella. with a rounded lueeDCy in the superior lateral comer (not 
abarp, as in fresh fractures). is a congeuital.momaly and occasionally bilamral. 

NouuqJfcal Tnatmeat 

Injuries with a prcsciVed exteDBor mechaDiam ue ueated wilh rest, bmnobi­
lization, icc, and elevation. Patienta can bear weight as tolerated for 6 weeks 
in a hinpd biKe locked in full extmai.on. All the pain subsides, they can UD.­

lock the brace and start Bl:tive, comfortable r~of-motion exercises (Fig. 
23-2A md B). 

Displaced fnlctures treafed nonopemtively pose a high risk of significant fu­
tum problems (emmai.on weakness, postlnnlmatic adhritis, pain). 

S-atcal 'l"naamat 

Displued patellar fracture& with a fully disrupted knee exten&or mechanism 
require surgical repair in order to regain the best poaaible lcmg-term function. 
A midline longitudinal inciai.on allows good accesa to the injury, avoids the in­
frapatellar branch of the saphenous nerve, and presents fewer problems for ad­
ditional surgical procedures (including knee replacement) than a horizonaal. 
approach. All displaced fractures have a mptured retiDaculum. and it must be 
repaired. 

FIG. 23-2 A. Lateral radiograph of patella with less than 3 mm of distraction 
between fragments. 8. In this 74-year-old woman, the fracture healed without 
surgery and with good function. 
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FIG. 23-3 A Lateral radiograph of a complex distracted patellar fracture. 
B. Anteroposterior radiograph showing fixation with modified figure-of-eight ten­
sion band and additional screws. C. Lateral radiograph of the same patient 
showing anatomic reduction of the articular surface. 

Temdoo-baml wldDg is die most commonly uaed tl:dmiquc and ia very ef­
fective iD.mmsverse fractmes. Two lcmgitudiDal. Kiisclmr:r wiml pnweut imm­
articular diaplacement and guide fmgmmts u compression ia exerted by an an­
terior :figure-of-eiJbt ~band wire during knee ftexioD. AdditioDal screws 
or cm:lage wires may be necesaary in more complex fractures (Fig. 2.3-lA to C). 

The uae of eannvlated saews instead of lougiludiDal wimi.IDllkcs the oon­
atruct llrongcr and causes leas irritation to the smrounding tismell (Fig. 23-4). 

Fractures of the patellar apes (dUtal pole) ~n emaatticular and repaiml 
with a retrograde screw and waahcr if the distal bone fragment ia large enough 
ar with heavy,llOIIllbsmbable slduml woven dlrough the patellar lipmeDt and 
pulled through drill holes in the proximal fragment Distal patellar fractures 
mv.at be protected by a cable arouDd the proximal patella and through the tib­
ial tuberosity in a figun>of-eight mode. The cable is tightened with the knee in 
90 degECCS of D.ellion (F~g. 23-SA aad B). 

~ 
In some cases it ia impossible to rec:onstruct badly comminuted fractures. In 
order to preserve quadriceps strength, the bone debris is removed (partial 

FIG. 23-4 Cannulated screws with figure-of-eight wire pulled through them, 
providing stable fixation and less irritation of surrounding tissues than would 
have been possible with prominent K wires. 
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FIG. 23-5 Extraartlcular avulsion of the patellar apex with small bone frag­
ments. B. Reconstructed ligamentous evulsion with sutures and supporting 
patelloti bial cable. 

patellectomy) and the ligamentum palcllae or quadriceps tendon reattached to 
the major bone fragment through drill holes cl011e to the joint surface of the 
patellar remnants (for better gliding biomechanics). These repairs usually re­
quire the additional promcti.on of a cable passed above the pamlla and through 
the tibial tuberosity. 

In a situation where there are no major bone fragments left, the removal of 
ell bane fragments (total patellectomy) and reconstruction of the preserved 
soft tissue clements of the extensor mechanism is the only solution. These 
patients can still regain full but weak active extension (Fig. 23-6A and B). 

Poatoperative Trul:meot 

After the surgical repair,1he knee should be put through a range of motion and 
the r:qJIIir tested. C-liiiil i.mages must be obtained to IIIIIke sure no displace­
ment has occurred. The amount of ftexion possible witbout displacing the re­
pair will determine the allowed range of motion in the first 4 to 6 weeks of 
the rehabilitation prognm. A hinged.biace l.ocked in Wemi.on allows for full 
weight bearing; as active flexion improves, it can be adjusted accordingly. 

FIG. 23-6 Lateral radiograph ar the kn99 after patellectomy. B. Bderly patient 
20 years after surgery, with full extension. 
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Maximum recovery can take up to 1 year. Some 70% of patients achieve good 
to excellent results. 

CompUcatloos 

Patellofemoral posttraumatic arthritis is a common complication, particularly 
if there is incongruity or a significant step-off involving the articular surface. 
Partial patellectomies often result in patellofemoral arthrosis. A significant 
number of patients complain of discomfort or pain secondary to the hard­
ware, which may require removal. If loss of fixation occurs prematurely, re­
vision of the repair must be done to prevent further displacement and mal­
union. Nonunions are rare and should be treated surgically only if 
symptomatic. Stress fractures occur in athletes, starting in the anterior cortex. 
When diagnosed, they may require fixation. Pain after a patellar fracture is 
common, and patients should be so advised. 

PateUar DlslocatloDS 

Lateral dislocation of the patella occurs in adolescents and children with pre­
disposing conditions such as a malaligned extensor mechanism or general­
ized ligamentous laxity. Such injuries are easily reduced in extension with a 
distal and medial force on the lateral side of the patella and the patient under 
sedation. The knee is kept in extension for 4 to 6 weeks, with physical ther­
apy to strengthen the quadriceps. Two-thirds of patients will have cartilage 
damage (on tangential radiographs, computed tomography, or MRI) and may 
require surgery for internal fixation of large osteochondral fragments or re­
moval of loose bodies. Half will dislocate again, and in those situations lat­
eral reti.nacular release and repair of the medial patellofemoralligament and 
vastus medialis at the adductor tuberosity or medial capsular reefing is indi­
cated. In special circumstances (e.g .• athletic considerations) repair of the 
patellofem.oralligament and vastus medialis should be considered for an ini­
tial injury. In these instances, early protected joint mobilization is crucial to a 
good result. 

Quadriceps Rupture 

This injury is rare and occurs in persons above 40 years of age and with pre­
disposing factors such as steroid use, kidney failure, or diabetes mellitus. Ten­
don ruptures occur during a violent, eccentric contraction of the quadriceps 
muscles (stumbling on the stairs). 

Clinically, these patients present with pain and swelling above the patella. 
They have difficulty extending the knee, but extension is possible with com­
plete rupture when the patellar retinacula are preserved. Radiographs will reveal 
patella baja, or an inferiorly positioned patella (Fig. 23-?A). If the diagnosis 
is uncertain, as in partial ruptures, MRI is helpful; when there is doubt, surgi­
cal exploration is prudent. 

Treatment 

In an acute setting (Fig. 23-7 B), surgieal reapproximation and direct repair of 
the quadriceps tendon is feasible. Nonabsotbable materials (e.g., #5 Ethabond) 
are used to reattach the tendon to the patella with transosseous sutures. In 
chronic situations or with tenuous tissues, the repair can be augmented with a 
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FIG • .23-7 A Patella baja. ruptured quadriceps tendon. B. Clinical photo of 
ruptured quadriceps tendon. 

taldon lnmsfer (scmitmdinosus). 'l'be pill to obcaina stablempairlhatallows 
for early, passive motion of the knee and quadriceps rehabilitation. 

Rapture of the Patellar IJflmnt 
Tbia injury occurs in persons below 40 years of age, usually after an eccen­
tric contraction of the knee musculature. It can be uaociated with chronic 
tendinitis ('~umper's knee .. ) and local sleroid injec:ti.ou. On physical exami­
nation, the paient is unable actively to extend the knee or to hold it extended, 
and pain and palpable gap are present at die apex of 1he patella. Radiographi­
cally, a bigh-rldiog patella (pallilla alta) may be observed due to the IIDOpp08eCi 
pull of the quadriceps tendon. A sm.a1l avulsion fracture at the patellar apex 
may occur (Fig. ~SA). 

TnabDellt 

Partial tears (complete extension posuDle) are mre and can be treated nonop­
cratively by DDm.obilization; however, Slqical expl.omtion oftm shows the in­
jury to be more extenai.ve dum anticipated and avoids the problem of dealing 
wid! a IDCR complex situation of m:om1luction at a lata"~. Complete dis­
ruption requires early surgical intervention. Jf the piece of bone is atill present, 
a mrogndc SCJeW may provide fixation. Jf thete is 110 substantial bone frag­
ment, then multiple nonabsorbable sutures should c:aptnre the patellar liga­
ment (whipstitch teclmi.que) and fasten it to 1he patella tbrough longitudiDal 
traososseoua holes (close to the articular surW:c) for a secure fixalion (Fig. 23-
SB). 'l'be medial and lataal miDacu1um also require repair. 

Delayed recognition occurs with scarred and retracted tissues; in such in­
s~es the repair .ID.Wit be augmented with semitendinosus and/or gracilis 
tendon, releued proximally, aod pulled through the parella. 

AD repajis of 1he pa1e]lar ligamem should be secuml by a cable passed in 
a figure-of-eight teusion-band mode above the pateUa and through the tibial 
tuberosity. To avoid shaitaJing of the ligame'D1 and a Oexion ~the 
cable must be tightened with 1he knee in 90 degrees of ftexion. 

The R'habilitation prognun ill similar to that abady discussed for injuries of 
the extensor mechanism: a hinged brBA:e with weight bearing u tolerated in 
eldmlsioll. and early range-of-motion exercises (passive exteDsion Ollly .iD the 
first 6 weeki). 
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24 Diaphyseal Fractures 
of the Tibia and Fibula 
Paul Appleton Charles M. Court-Brown 

This chapter reviews fractures of the tibial and fibular diaphysis. 
Fractures of the tibial diaphysis are the most common long bone fractures 

treated by orthopedic surgeons. They have always been regarded as difficult to 
treat, as--until comparatively recently--cast management was the treatment 
of choice and the soft tissue defects associated with open fractures could be 
treated only by basic plastic surgery techniques. Nonunion was common and 
complications such as compar1ment syndrome and infection were frequently 
devastating. However, recent advances such as intramedullary nailing, the 
detection of compartment syndrome, the management of nonunion and infec­
tion, and improved plastic surgery techniques have resulted in improved man­
agement and results. 

ANATOMY 

The proximal and distal5 em of the tibia are metaphyseal. The diaphysis of the 
tibia is triangular in cross section, having medial, lateral, and posterior sur­
faces separated by anterior, medial, and lateral borders. The anterior border 
is sharp proximally, but distally it becomes blunt and runs into the medial 
malleolus. The medial border is blunt proximally but sharpens distally as it 
runs into the posterior border of the medial malleolus. The lateral border of the 
tibia is also blunt proximally, but it sharpens as it runs distally into the lateral 
side of the inferior tibial metaphysis. The medial surface of the tibial diaphysis 
is subcutaneous, accounting for the high incidence of open tibial fractures. The 
lateral surface is hollowed proximally for the tibialis anterior muscle. The pos­
terior surface is bounded by the medial and lateral borders and is crossed prox­
imally by the solealline. This ridge gives rise to the soleus muscle. 

The shaft of the fibula is long and slender and has anterior, posterior, and 
lateral surfaces separated by anterior, posterior, and medial borders. It has a 
slight spiral twist. A major function of the tibia is to anchor the musculature 
that controls the movement of the ankle and foot. There are four myofascial 
compartments in the leg (Fig. 24-1). These compartments are of considerable 
importance in tibial diaphyseal fractures. 

The anterior compar1ment is bounded by the lateral border of the tibia, the 
interosseous membrane, the anterior fibula, and the deep fascia. It contains 
four muscles: the tibialis anterior, extensor hallucis longus, extensor digitorum 
longus, and peroneus tertius. The muscles are supplied by the deep peroneal 
nerve and the anterior tibial artery, which runs through the anterior compart­
ment and continues below the ankle joint as the dorsalis pedis artery. 

The lateral compartment is contained by the lateral border of the fibula, 
the deep fascia, and fascial connections between the fibula and deep fascia. It 
contains the peroneus longus and brevis muscles, which are supplied by the 
superficial peroneal nerve. The superficial peroneal nerve is at risk during ap­
plication of external fixators, fibular plating, and proximal cross-locking 
screws of a tibial nail fracture. 
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FIG. 24·1 Diagrammatic representation of the compartments of the leg. A. 
Anterior compartment. B. Lateral compartment. C. Deep posterior compart­
ment. D. Superficial posterior compartment. 

Them am two posterior compartmems: deep and superficial. The deep pos­
terior compartment, in addition to die anterior compartment, is most often in­
volved in compartment syndrome. It is bo011dcd by the posterior surface of 
the tibia, die medial and posterior bcmlers of the fibula, the interoueous mem­
brane, aDd the fascia. which separates it from the superficial posterior com­
partment. It contains four muscle&: the poplimus, flexor hallucis longus, taDialis 
posterior, aDd Oexar digitonJm lougus. All these 1111DCles are supplied by die 
tibial nerve and die main neuroV88Cillar blmdle, CODtaiDing the tibial nerve, and 
the postmortibial artay, which IUDS 1brough 1be compartlllml The superficial 
posterior compartment is bounded by lucia and contaiml the gastrocnemius 
aDd soleus IDWIClcs in addition to the phmlarls IDWICle. These are supplied by 
branches of the tibial nerve. The aural and saphenous nerves run between lbe 
skiD and deep fascia and are not associab:d with speci& ClOIIIJ)8II:meD. 

ClASSIFICATION 

The afA claasffication ia widely used for fractures of the ta'bia and fibular dia· 
physes (F'~g. 24-2). Type A fractures are UDifocal and are distinguished by dleir 
mmphology (At fradures am spiral, A2 fnlc:lme& are abort and oblique. and A3 
fraclmcs are transverse) and die presence arui loc:aDcm of a fibular fradme. The 
suffix .1 indicams an intact fibula, .2 a fibular fracblm distant from the tibial 
fracture. arui .3 a fibular fracture 111 the same .level as the ta'bial fracture. 

Type B fnlc:tma are bifocal wedge f'ractums, with B1 containing intact spiral 
wedge fractures. B2 are iDtact bmdiDg wedge fracames and B3 are llOIDIIlinufcd 
wedge Jial:tu~M. The suf6xes .1 to .3 am 1bc same as for type A fractures. 

Type C fractures are complex multi&agmentary segmental or comminuted 
fractures. Cl fractures are spiral wedge fi:acture& with the suffixes .1 to .3 in­
dicating the number of intermediate fragments. C2 fractnres are segmental. 
with the suffixes .t to .3 indic:ating the numb« of segments and dcgmc of com­
minution. C3 fractures are comminnted, with .1 to .3 indicating the extellt and 
severity of the c:omminutiou. 

EPIDEMIOLOGY 

Fradurea of the tibia and fibula account for 2IJI of all fractures. About 6SIJI oc­
cur in .males aDd the ovemll avenge age is aiJwt 37 yems. Tbe distribution is 
bimodal, with youog males aDd older females having the highest incidences. 
About 23IJI of tibial diaphyseal fl:actunls aR open and aiJwt 22% am associ­
ated with an intact fibula. About 54% are type A unifocal fracturea, 28% are 
type B wedge Jial:tu~M, and 18IJI am type C comminuted or segDICidal Jial:tu~M. 
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.3 

.3 

.3 

A B c 
FIG. 24·2 lhe OTA classification of tibial diaphyseal fractures. [Orthopaedic 
Trauma Association Committee for Coding and Classlffcatfon. Fractur9 and dls­
lccation compendium. J Orthop Trauma 10(suppl}:51-55, 1996.] 

The most common causes are DWtor vehicle accideuts md sportB in young 
males and falls in olda females. There is evidence that the epidemiolDJY of 
tibial diaphyseal fractures is changing in many countries. Improved road 
safety and a growing incidence of 011teopenic fnlctures hu resulted in an in­
creasiDg iDCicleiK:e of fractures in the elderly. 

CLINICAL HISTORY AND EXAMINATION 
Fractures of the tibial diaphysis are U8Uillly obvious. the palient presenting with 
local peiD., swelling. and defotmity. Tbe pos&ibility of a tibial fracture sboukl be 
comidered in all UllCODJCioua or severely iDjured patiema and a thorough physi­
cal el!amination UDdereaken. A complete history should be obtailled from the 
patient, relative, or caregiver. Tbe cause of the fradure will indicate the extent 
of the injury and the possibility of coexistiDg illjw:ies. ID the elderly, the history 
abould include details about any comorbid conditions, the patieDl's prefradure 
ambulatory sta1us, aDd his or ber domicile, as tbc8C factors may alter the trea!meDl 
and play a role in outcome. Physh:al. examinati011 should .include a complele ex­
aminalionoftbelimbwhilelookingforotberiDjw:ies.1hekDee,ankle.andhiDd­
foot must be camfully examined and the vascular and neurologic &talua of the 
leg c:heclmd. The soft tissues should be checked for evidence of an opeD frac. 
tme. In the multiply injured patient, a complete examination must be under· 
taken, accordillgtD Advanced Ttanma Ufe Support (A'l1.3)priDciplcs. 
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FIG. 24-3 Anteroposterior (A) and lateral (B) radiographs of an A3.3 frac1ure of 
the tibia and fibula. lhls was a sports InJury and a Gustllo type I open fracture. 

The possibilit¥ of CO!Dpllltmlmt syudiume IDDBt be ClOIIIlideRCJ in all paticnta 
with fractares of the tibial diaphysis. This syndrome may oc:cur within a few 
hours of the accident, arul a thorough euminatiO'l of the level of pain, sensory 
1068, muscle function, and pull'ICII is mandatory. Ideally, compartment moni­
torlDg should be Ulldertakm at this stage. If~ are signs of skiD c:rushmg, 
the polllibilit¥ of underlying myonecroais abould be coDJidered. This may oc­
cur .iD motor vehide acx:ideuts aDd may also be seen in drog addicb, alcoholli:s, 
and the eldaty, all of whom may lie on the ground or a floor for a prolonged pe­
riod after~. 

Radiologic Stuclla 

Amtropostaior aDd l.attnlndiographs should be sufticimt to diagnose a tibial 
diaphyseal fracture (Fig. 24-3). The lmee and ankle must be included to see 
whether lhe fiadure extends proxjmally or diJtally and to c:heck for olher mus­
culoslmletal injuries. 

A number of i'eat~R& should be loobd for on the anteropoatmor and lateral 
radiographs; these are listed in Table 24-1. Computed tomography (CI') and 
magnetic resoJJaJ~Ce imaging (MRI) scaDS are not usually required, although 
MRI may be useful in diagnosing a stress fiadure or an associated ligamentous 
injmy of the lmee. Artaiography or Doppler studies may be mtWml if there 
is suspicion of vascular injury. 

TABLE 24-1 Important Features In Anteroposterior and Lateral Radiographs 
of the Tibia and Fibula 

The location and morphology of the fracture 
The presence of secondary fractures that might displace intraoperatively 
Comminution, which signifies a high-energy Injury or osteopenlc bone 
Widely displaced bone fragments, which may suggest significant soft tissue 

damage 
Bone defects 
Damage to knee or ankle joints 
The state of 1he bone--osteopenia, metastases, or previous fracture 
Perlprosthetlc fracture 
Gas in 1he tissues--open fracture or anaerobic infection 
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Associated Injuries 

About 15% of patients with tibial fractures have other musculoskeletal in­
juries. Approximately 70% of associated injuries are in the lower limbs, and 
surgeons should be aware of the possibility of an ipsilateral femoral fracture 
(''floating knee") as well as other fractures of the femur, tibia. and foot. There 
may be damage to the ipsilateral knee ligaments or a knee dislocation. About 
4% of tibial diaphyseal fractures are bifocal, there being other fractures of 
the tibial plateau, plafond, or ankle in association with the diaphyseal fracture. 

TREATMENT 

There are four major treatment methods for tibial diaphyseal fractures: in­
tramedullary nailing, external fixation, plating, and nonoperative management. 
In the last 10 to 15 years, surgeons have focused on intramedullary nailing, al­
though the other methods are used as well. Plating is now less popular, and 
although nonoperative management is still used for some closed tibial dia­
physeal fractures, it is now deemed inappropriate for use in the management 
of open fractures and it is less commonly used for unstable closed fractures. 
Traction should not be used, as it confines patients to bed, increases joint stiff­
ness, and may cause compartment syndrome by raising the intracompartmen­
tal pressure. 

Intramedullaty NaiUng 

In recent years there has been debate about the advantages of reaming the in­
tramedullary canal prior to tibial nailing. Reaming permits the insertion of 
wider nails, and animal and clinical studies have suggested that it stimulates the 
periosteal vasculature and is therefore osteogenic. Both reamed and unreamed 
nails are used to treat tibial diaphyseal fractures; an analysis of the results of 
both methods in the management of closed and open fractures is given in Table 
24-2. The results are taken from the major papers in the literature. 

This analysis shows that reamed nails give better results in closed fractures 
(Fig. 24-4) with a lower incidence of infection, nonunion, and malunion. In 
open fractures, the benefit of reaming disappears, presumably because the 
prognosis is governed by the effects of the soft tissue damage, which negates 
any beneficial effect of reaming. 

Fractures of the proximal third of the tibia are difficult to nail They are usu­
ally high-energy comminuted fractures and nailing often results in excessive 
varus or an anterior bow. Techniques have been described to compensate for 
this, but external fixation or locked plating is usually easier in proximal tibial 
fractures, particularly iflhey are OTA type B or C. Distal tibial fractures can 
usually be nailed if they are more than 4 em from the ankle joint. However, if 

TABLE 24-2 The Results of Reamed and Unreamed Intramedullary Nailing 
in Closed and Ooen Tibial Fractures 

Reamed nails Unreamed nails 

Closed Ql;!en Closed O!;!en 

Union (weeks) 17.1 32.3 25.2 29.3 
Infection (%) 1.4 6.5 1.7 6.2 
Nonunion (%) 2.1 14.0 15.6 21.4 
Malunion{%} 2.1 5.5 5.3 9.2 
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FIG. 24-4 Lateral (A) and anteroposterior (8) radiographs of a bifocal frac­
ture of the tibia and fibula treated by Intramedullary nailing. The ankle fracture 
was treated conventionally using an interfragmentary screw and a plate. 

they ~R oblique ar spiral ~s withm 4 em of the IIDkle jomt, plating or 
emmal fixation may be easier. 

CompiJr.attou of ID.tnmedulluy Nalllag 

1he complications associated wi.d1 intramedullary nailing of the taDia are listed 
in Table 24-3. 

The main complication of tibial nailing is :knee pain. This is probably mlll­
tifactorial, being cau&ed by local soft tissue damage, prominent nails, and 
prominent proximal cross screws. Although about 6~ of patients complain 
oflmec pain, about 80!JI have 110 pain or cmly miDimaJ. discomfort. Jt corre1atcs 
with age, widl younger, more active patients complaining of more symptoms. 
It is usually but not invariably n:lieved by nail n:moval. Smgeons have COII.­

sidered that it might be caused by damage to 1he patellar teJidoD. during nail in­
sertion. but there is no evidcncc that this is the case. Nail breakage is uncom­
mon and is usually associamd wilh an untreated nonunion. Screw breakage is 
higher widl umeamec1 nails (2S% > vs. reamed nails (3% ). 'l'hemlal nccrom is 
caused by excessive reaming with blunt reamers. It may present as os­
teomyelitis and is usually treated with boue resectiDD and recons1Jucti.ou. 

Eldemal Pbratioa 

There bu been conaiderable debate about 1be ideal type or configuration of ex­
temal fixator and the ideal stiffness with which tibial diaphyseal fractun:s 
should be held by a fixator. There are three basic designs of external fi.lUltor: 

TABLE ~ The Average Result& from the Literature of the Main 
Complications ot Tibial Intramedullary Nailing 

Knee pain 60% 
Neurologic damage 5% 
Nail breakage 1% 
Screw breakage ~25% 
Thermal necrosis <1% 
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FIG. 24·5 Anteroposterior radiograph of a Gustilo I lib open fracture of the 
tibia and fibula treated with a multlplanar external flxator. Note the bone loss 
and the distal tibial malposition. Malunion is a complication of external fixation. 

the uuiphmar fixator applied to the sulx:utmeous bcmlel' of the tibia; the mul­
tipi.Jmar device (Fig. 2.4-S), which can be c:onatrucred. in many different con­
figuratiODS; and the ring fixator, which is usually applied with fine wires rather 
than half pina. 'lbere ia. however, no evidence that one design or c:cmfigura!ion 
ill beUer than anotla. 

The results of the use of uniplanar and multiplanar external fixatorll iu 
llli.Dd smell of both open IIDd c]oaecJ tibial diaphyseal ~ IIRI given .in 
Table2A-4. 

Precise comparison of papers dealing with extemalfi:utiou and .intn.­
medullary nailing is difficult. However, comparison of the resultll shown iu 
Tables 2.4-2 aud 2.4-4 suggesta that extemalfiuliou is usociated with a bighel' 
degree of nonunion md malunion va. intramedullary nailing. although there 
ill a similar incidence of infection. The main complications are pin-tract sep­
ail, which averages about 32'J1, aod patient compliance. Studies directly com­
pariq intrameclul1ary nailing md extemal fixation show that intramedullary 
nailing is auoc:iated with faster union, fewer secondary operative procedures, 
beUer hindfoot function, and improved walking distance. 

Primary extemal fixalion aod secondary intramedullllly nailing are increas­
ingly used in "~I surgay" for the IDllll.llgeliiCt of tibial diaphy­
seal frac:turea in severely injured patients. The primary extemal fixator can be 
applied quickly; then dle patient can be ~tumed to the operating room from 
the intenaive care unit for definitive nailing when hiB or her condition baa ata-

TABLE 24-4 Results of the U8e of Unlplanar and Mulllplanar Extemal Fixation 
in the Treatment of Tibial Fractures• 

Union (weeks) 
Nonunion (%) 
Infection (%) 
Malunion(%) 

Unlplanar 

25.1 
9.4 
5.4 

24.5 

•The quoted series contained 90 to 95% open fractures. 

MuhiDianar 

30.7 
18.6 
9.7 

27.9 
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TABLE 24-0 Results of Plating of Tibial Fractures 

Union (weeks) 32.1 
Infection(%) 4.8 
Nonunion (%) 9.5 
Malunion(%) 7.4 

-rhe results are mostly from mbced series of closed and open fractures (aver­
age about 35% open fractures). 

bilized. Studies suggest that, provided the DaillDg is not uudertabn in the 
presence of disclwging pin sites, good results can be achieved. 

PlatiDg 

Primary p1a1iDg of tibial diaphyseal fractures is now less common dian it was 
10 yean ago. The mAllts from lbe lilmdDle am given in Table 24-S. PlatiDg can 
give good. results, but it is teclmically more demanding than intramedullary 
nailing or extemal fixation. 

The results of plating tibial fractures are not as good as those of intra­
JMdulbay Dai1iDg and extmlal fixation; tbia teclmique is usually reseiVed for 
proximal tibial diaphyseal fradmes, where .locked pl.ales have been partU:ularly 
sw:c:essful. Complications of plating include rdiac:lme and fixation failme. 

In the last few yCIU'S 1he development of locked plates (Fig. 24-6) has elicited 
renewed interest in the plaling of bbial. fi:actures. In locked plales, 1he ICI'eWS 
screw into 1he plate as well as into the bone. This provides a very strong con­
struct tbat is particularly useful for osteopenic bone. When used arouud the 
tibial metaphyses, these plates can be .inserted widl minima11y invuive tech­
niques UI1CIC2' fiiiOIUICOpic controL Tbcy am particularly useful for !bose pox­
imal. b"b.ial. diaphyseal fradnres dlat often occur in older patients; it is likely that 
their use will inaease, although it is unlikely tbat they will replace in­
traii!Mnllary nai1iDg as lbe optimal treaDnent for most diaphyseal fradnres. 

Noaoperathe Maaagemeat 

'I'bcte am t'lll= basic mclhods of 1mltiDg tibial cti.aphysea1. fractures nooopera­
tively: lbe long :leg cast; lbe pateUar tendon-bearing cast, designed to permit 
knee movement; aDd the functional bral:e, designed to allow movement of both 
knee and hindfoot. The result& of all tbme medlods are given in Table 24-6. 

FIG. 24-6 Anteroposterior (A) and lateral (8) radiographs of a LISS locked 
plate used 1o treat a proximal tibial fracture. 
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TABLE 24-6 Results of the Use of Different Casts and Braces in the 
Treatment of Mixed Series of Closed and Ooen Tibial Fractures8 

Union (weeks) 
Nonunion (%) 
Malunion(%) 
Joint stiffness(%) 

Long leg casts 

16.5 
20.4 
15.7 
26.3 

Patellar-tendon­
bearing casts 

17.3 
12.3 
26.4 
36.1 

a Nonunion includes both "delayedR union and nonunion. 

Functional 
braces 

18 
19.5 
16.3 
34.6 

Table 24-6 shows that the three different types of casts and braces give sim­
ilar results. The complications of nonoperative management are not insignifi­
cant. The incidence of nonunion is higher with nonoperative than with opera­
tive treatmenl The incidence of malunion is relatively high, as is the incidence 
ofhindfoot stiffness. The problems associated with such stiffness are often un­
derestimated, but studies have indicated that only 47% of patients managed 
nonoperatively report a good or excellent result and only 27% report no prob­
lems with running. 

More recent studies of nonoperative management have tended to concen­
trate on less severe fractures, as surgeons have adopted operative treatment for 
the more severe fractures. The technique still has a place in the treatment of 
low-energy stable fractures in young patients, in whom union is rapid and the 
incidence of hindfoot stiffness low. A number of studies have directly com­
pared intramedullary nailing and nonoperative treatment; these have high­
lighted the improved rates of union and better functional outcome associated 
with intramedullllry nailing. 

OPEN FRACTURES 

The successful treatment of open tibial fractures involves two key components: 
adequate debridement and rapid, expert soft tissue reconstruction. Debridement 
should be performed as an emergency procedure and consists of the surgical 
excision of all contaminated and devitalized tissue. All devitalized bone frag­
ments should be removed. Bone stabilization will usually be with an in­
tramedullllry nail or an exremal fixator. A "second-look'' procedure afu:r 36 to 
48 h should be undertaken, as adequate assessment of the soft tissues is notal­
ways possible initially. If flap cover is required, this should be performed as 
soon as possible once the wound is "clean." Bone reconstruction may involve 
grafting or bone transport. The soft tissue defect associated with open tibial 
fractures may be of a considerable size (Fig. :IA-7). 

COMPLICATIONS 

Nonunion 

The incidences of nonunion associated with the different treatment techniques 
are given in Tables 24-2 and 24-4 to 24-6. Nonunions are either aseptic or in­
fected. The management of infected nonunions is described in the section on 
infection, below. Aseptic nonunions are best classified as hypertrophic and at­
rophic. In hypertrophic nonunions, there are clear radiologic signs of incipient 
fracture healing, and it is likely that the nonunion has occurred for mechani­
cal reasons. Conversely, atrophic nonunions show no evidence of fracture 
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FIG. 24-7 A Gustilo lllb open tibial fracture in a 52-year-old woman. Note the 
large area of 80ft tissue loss and the skin degloving. 

UDion radiographically and occur beeaiJ5e of impaired vascularity at the frac­
tun: site. 11Ds type of IIDDUDion ia common after sev~ open fractures. 

The 1118118gement ofhypemophic DODUIIi.on calla for altering the biomechan­
iclll mWvnmeut of the fl:adun:. If 1he llOilUIIi.on has followed 1mltmcDt wi1h a 
cast or lmla:e, the applli:adon of a pJam, extema1. fixamr, or ildrami:dullary naU 
wiD. stimulate Wlioa. If the h}Pelb:O(iili: nmnniou has followed the U8e of a plate 
or em:mal. fixation device and the nonunion is well aligned, closed intra­
medulhuy IUliliDg ia the tiealmcDt of choice. Alrophic nonunicms are IDliDllgecl 
with autogenous canceDous bone grafting. Should the nonunion persist, die sur­
geon will have to~ vascularized bone grafts or bone 1IaDspoit. 

Exchange intnmeduUary nailing is useful in the treatment of both hyper­
trophic IIDd atrophic nonunions that occur after intramedullary nlliliDg. The 
tecbnique consist!~ of naU removal, reaming of the intramedullary canal by a 
fuiiher 1 to 211UD, and 1hcn the in1roduction of a wider-diameter DaiL In hy­
pertrophic nonunions, the technique is about 90~ successful in stimulating 
union in an average of 10 weeks. It is also useful in atrophic nonunion&, al­
though two exchange nailing procedures may be required. It is usually 11118uc­
cessful if Ibm: ia a bone defect gEeatcr than 2 em in aize or m.ote than S~ of 
the bone c:ircumference or if the nonunion is i.ot'eded. 

Mahm1on 
1'bere is no clear definition of malunion; however, S degrees of angulation or 
rocatioDal abnmmality and 1 em of shortelling provide a reasonable working 
definition. There is some eviderule that tibial malunion may be associated wilh 
an increased incidence of knee and aDlde osteoarthritis. If a peti.eDt presents 
wilh a malunion, care must be taken to determine whedler furlher surgery is 
worthwhile. Management is com:ctive osteotomy and stabilization wilh any of 
the previously descnDed methoda. 

Computmeat s,.home 
1be clinical~ of c:ompartmeut syndrome are diswased in Chap. 1.11 is 
often diagnoaed by asiiCIIsing the patient's clinical sip but is best diagnosed 
by the uae of a pressme mouitming system wilh a catheter placed in the an~ 
rior compartmenL The diastolic blood pressure and the intracompartmental 
pteaaUieS are lhus asseaaed on a continuo1111 basis; when the press~JR~ differ­
ence (D P) is greater !han 30 mmHg, a compartment ayodrome has developed. 
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Studies have highlighted the superiority of this technique over the use of clini­
cal signs. The condition is rare in patients above 35 years of age and mainly 
affects young males. It occurs in about 7% of closed tibial fractures and in 3 to 
6% of open fractures, depending on the extent of the soft tissue damage. Treat­
ment is by four-compartment fasciotomy, which must be implemented emer­
gently. The operation is done through medial and lateral incisions, with the an­
terior and lateral compartments being decompressed through the lateral incision 
and the deep and superlicial compartments through the medial incision. 

Infection 

The incidence of infection varies with the treatment method, but the main 
factor is the degree of soft tissue injury associated with the fracture. In most 
series, the infection rate for closed fractures is about 2%, rising to about 15% 
for severe type III open fractures. Treatment depends on the speed of diagno­
sis. If infection is diagnosed early. before an abscess has formed, high-dose 
antibiotics will usually be adequate. If a pyogenic collection is present, it 
should be drained, with reaming of the intramedullary canal to remove any 
pyogenic membrane. If there is devitalized bone and soft tissue, it should be 
removed with flap cover and bone reconstruction using bone graft or length­
ening. Infected nonunions usually fall into this category. 

SPECIAL CONSIDERATIONS 

Isolated Tibial Fraeture.o 

Until comparatively recently there was considerable debate as to whether an 
intact fibula conferred a better or worse prognosis than a fracture of the tibial 
diaphysis. Isolated tibial fractures are common, accounting for about 22% of 
tibial fractures. They occur in younger patients and are usually low-energy 
injuries with a predominantly OTA type A morphology. Table 24-7 gives the 
results of nonoperati.ve management, reamed intramedullary nailing, and ex­
ternal fixation. 

There are very few studies of the operative management of these fractures, 
but Table 24-7 shows that while the nonunion rate is low, the use of nonoper­
ative management is associated with a very high rate of varus malalignment 
and a bigh incidence of refracture. It has been shown that the only isolated tib­
ial fracture that maintains its position in a cast is the A3 .1 transverse fracture. 
All other fracture types tend to displace and should be managed operatively 
using a reamed intramedullary nail. 

Isolated Fibular Fnlctures 

Most "isolated fibular fractures" are either type C ankle fractures or avulsion 
fractures of the proximal fibula associated with a ligamentous knee injury. 
True isolated fibular fractures are very rare. They are usually caused by a fall 
or a direct blow. Treatment is symptomatic, with supportive strapping or use 

TABLE 24-7 Results of Treating Isolated Tibial Fractures 

Nonunion 
Varus deformity 
Refracture 

Nonooerative 

3.1 
32 
13.7 

Reamed IM nailing 

0 
0 
0 

External fixation 

0 
17.6 
11.8 
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of a bclow-lmcc walkiDg cast or brace. NonuniDDs ate eldmnely l:'ml aDd are 
best trealed by plating aDd grafting if symptomatic. Pmxima1 fibular fractures 
may cause damage to die supedicial peroaeal nerve. 

Stre.l Frac:lans 

Stress fnclares ate either fatigue fnclares accarriDg in young patients as are­
sult af excessive r:cpctitive loading 011 DOIIIIlll. bone or imuficiency fw:tun:s. 
which result from nmmalloading 011 abnormal bone (Ytg. ~8). These gener­
ally oc:cur in older patiCIIIs as a n:sult of age-related osteopeuia, osteoporosis. 
inftammatoey joint disease, Paget's disease, and odler associated conditiou. 
Tibial slmls fracrures are US118lly ttaDsvene, althouch I.ODPUldmal D:actures 
have been described. Fatigue fradares are usually seen in the proximal and 
mickD.e thirds of the tibia, whemls .iDSufliclency f:mctures are often seen in the 
distal dmd af tbc tibia, frequeotly close to the ankle joint. With increasing num­
bas of bee ai1hroplasties in tbis popu]aliou. howeva-, insuf1ici.eucy frlu:tmes 
of dle proximal tibia are becoming more common. Most tibial fatigue~­
tures occur in military m:ruits, long-clistaDcc I'UDDIClll, and ballet daJwcrs. They 
usually follow an iDcreue in tmining or adi.vity. Most insufficiency fractures 
are associa1ed with osteoporosis or agc-Jdatecl bone loss. Stress fl:actures oftbe 
fibula usually oc:cur just above tbc Iammi malloollls in lUIIIlel3. 

The trealmclll oflibial fatigue fiactures is usually oonopaalive, with the use 
af a bclow-lml:e cast or pamllar tendon-bearing cast When such fmcturcs fail to 
UDite, they are best tmlted by miiDed intlamedullaiy DlliliDg.JnsllflicieJM:y frac­
tures of the proximal tibia rellded to the presence af dle cemented or unoe­
~ arthroplaaty can be treated nonoperatively if there is no evidence of 
loosening of the implant However, if the impl.ant ill loose, revillion arthroplasty 
ill mqujred. Distal tibial insufiicimcy fnll:tuml are .IDIIJillged u.onopcntively. 

Mefubdfc: Fndaru 

Metastatic deposits in the tibia are very uncommon and usually associated 
with a poor prognosis. Treatment depends on the patient's prognosis, but un­
less the condition ill tmDiDa1. stabilization of the tibia should be undertaken. It 
is best to atllbilize dle bone before a palhologic fracture occurs; this is usually 
done with an intramedullary nail. Surgeons should be aware that a mortality 
rare of up to 10% has been reported in the nailing af pathologic femma. 

FIG. 24-8 Lateral (A) and anteroposterior (B) radiographs of an insufficiency 
fracture In a 78-year-old woman. It occurred shortly after an ankle fracture. 
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TABLE 24-8 Suggested Protocol for the Treatment of Tibial Fractures 

Proximal diaphyseal fractures 
Good alignment 
Poor alignment (comminuted) 

Middiaphyseal fractures 
Distal diaphyseal fractures 

Beyond 4 em of ankle joint 
Within 4 em of ankle joint 

Transverse fracture 
Other fractures 

Metastatic fractures 
Stress fractures 
Open fractures 

Multiple injuries 

SUGGESTED TREATMENT 

Reamed intramedullary nailing 
Locked plating or periarticular external 

fixation 
Reamed intramedullary nailing 

Reamed intramedullary nailing 

Reamed intramedullary nailing 
Plating or periarticular external fixation 
Reamed intramedullary nailing 
Nonoperative 
Reamed or unreamed intramedullary nailing 
External fixation if comminution is close to 

joints 
Consider primary external fixation and later 

nail in 

A suggested protocol for the treatment of tibial fractures is presented in Table 
24-8. Clearly a number offactors---.uch as the age, health, and function of the 
patient-must be taken into consideration in deciding treatment. 
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25 Indirect Fractures and 
Dislocations of the Ankle 
Arsen M. Panlrovich John A Elstrom 
Chris John Dangles 

Indirect ankle fractures are among the most common fractures in the body. 
They fascinated surgeons in the nineteenth century, who, as a result, (1) de­
scribed the gross and functional anatomy of the ankle; (2) discovered various 
mechanisms of injury by extensive studies in cadaver8; (3) classified various 
fracture types and described their clinical appearance; and ( 4) established the 
basic principles of conservative treatment, which influenced generations of 
surgeons well into the middle of the twentieth century. Initially, at a time when 
invasive surgery was at its very beginnings, these surgeons had no radiogra­
phy with which to visualize a fracture in all its complexity (Fig. 25-1 ). Anum­
ber of surgeons from many different countries have described ankle injuries 
(Potts, Dupuytten, Maisonneuve, Lange-Hansen). Some eponyms still linger, 
although they are fading steadily away with the univer8al acceptance of clas­
sification systems based on the mechanism of injury or anatomic description. 
The fascination with ankle fractures has shifted to other subjects, as success­
ful surgical treatment has become commonplace owing to the wide influence 
of the Association for Osteosynthesis (AO) materials and methods. 

The topics covered in this chapter are ankle anatomy, mechanisms of ankle 
injuries, classification of various lesions, diagnosis, initial and definitive man­
agement, and complications and their management. 

ANATOMY 

Three bones form the ankle: the body of the talus with its trochlea (superior ar­
ticular surface) and the medial and lateral articular surfaces, the distal tibia 
with articular surfaces of the plafond and medial malleolus, and the articular 
surface of the lateral malleolus of the fibula (Fig. 25-2). 

The distal tibia consists of the plafond, the weight-bearing articular surface, 
the medial malleolus, the anterior and posterior processes, and the lateral sur­
face. The plafond is concave from front to back (sagittal plane) and flat or 
more often slightly convex from side to side (coronal plane). The medial 
malleolus is formed by the slender, distally protruding anterior colliculus 
and a broader posterior colliculus, which are separated by the intercollicular 
groove. The lateral surface, lying between the anterior (Tillaux-Chaput) and 
posterior (Volkmann) tibial tubercles, is concave and triangular; it forms the 
tibiofibular syndesmosis with the corresponding surface on the fibula and con­
tains the interosseous ligament. The plafond and the medial and lateral malle­
oli form the ankle mortise, and the body of the talus fit perfectly into it. 

The talus consists of a head, neck, and body. The head articulates with the 
navicular bone. The body of the talus viewed from above shows various de­
grees of wedging of its trochlea, being wider anteriorly at an average of2.4 mm 
(up to 6 mm). When viewed from the front, the trochlea looks concave; when 
viewed from the side, it looks convex. The medial and lateral articular surfaces 
are slightly concave and convex, respectively, to various degrees, which gives 
the trochlea a conical shape. 

353 
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FIG. 25·1 Dupuytren's fracture, described c. 1810. 

The mortise c::bely appiOXimates the shape of the talus, and these elcments 
have a close, cxmgruent fit throughout die an: of motion. Ooly alight rotatory or 
lateral motion of the lateral malleolus (from zero to Mt more lhan 2 mm) has 
been observed in cadaver testing when the talus was dorsiftexed, and this de­
paWed onlhe amount of the aDterior wedging of the trochlea. Thus, tbe mar­
tile only :rarely becomes too narrow after a tight ayndeamotic screw fixation. 
~ of1he mkle prior to .immion of a SCECW is prudeld, as it caDDot be 
predic:ced which ankle mortise will ~coo tight to pemlit full domi.ftexion. 

It was deteJ:mined that mkle motion cx:c:un~ mmnd a single uia in 80C»> of 
cues. Practically, the uis extends, with 110111e variation in its plme, between 
the tips of the medial and lateral malleoli. 

Nine ligamenta and the capsule provide atability to the mkle during weight 
bearing and at rat (Fig. 25-3). On 1he latcra1. side of the aDkle, the tlbloflbu­
lar syadelmosls is held together by the anterior bbiofibular ligament, the in­
terosseous ligament.1he i.Dtemsseou.s membrane. the posterior tibiofibular lig­
ament, and the inferior tranavene ligament (Fig. 25-3; Ia. lb, lc, and ld). 

The deltolcl J.fpmeDt providea a strong medial support. It consists of two 
portiOD& (layers). The superficial deltoid ligament originates mostly from the 

FIG. 25-2 Normal ankle. A. Anteroposterior radiograph. B. Drawing of 06158ous 
anatomy of the anterior ankle. 
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cadaver specimen medial tomogram 

FIG. 25·3 Ugaments of the ankle. 1 (a. b. c. and d). Ligaments of the syn­
desmosis, 2 (a, b, and c). Lateral collateral ligaments, 3 (a, b c, and d). Deltoid 
ligament, 4. Landmarks: a. Outline of the fibula on the medial ankle view. b. Out­
line of the ankle joint in a lateral projection. c. Outline of the syndesmosis, the 
site of the interosseous ligaments. 5. Posterior talocalcaneal ligaments. 

aDimior colliculus and has 1hl= disti!K:t parts tbat atiiK:h to the Davicular boDe 
(oaviculotibialligament), the sustentaculum tali on the os calcis (ca.k:aneo­
tibialligamcnt), and the anterior part of the meclial tuben:Je of 1he talus (super· 
fu:ial talotibial ligament) (Fig. 25-3; 3a, 3b, and 3c). The deep cleltoid J.igament 
originates from the posterior co1liculDs and 1he iDt=wllicular groove and con­
ai.lta aftwo parts: a amal.l band between 1he posterior colliculus and 1be medial 
ta1ar tubm:Je (deep antmor ta!Dtibialligament) lymg under the superlicial del· 
toid and the atmng and wide ligamentoua band (cleep posterior talotibial liga­
ment), which is the main stabilizing structure that holds the talus teduced iD 
the ankle mortiae (Fig. 25-3; 3d and 3e). 
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Lateral collateral tigaments on the lateral side, the anterior and posterior 
talofibular and calcaneofibular ligaments, bridge both the ankle and subtalar 
joints and provide their lateral stability (Fig. 25-3; 2a, 2b, and 2c). 

The crural fascia envelops the tendons, which pass over the ankle. Four 
fibrous bands, which serve as pulleys for tendons, reinforce the crural fas­
cia: anteriorly the transverse and cruciate crural ligaments, medially the 
laciniate ligament, and laterally the peroneal retinacula. In addition, they pro­
vide stability to the ankle by holding tendons, when contracted, in proximity 
to bones. 

Tendons that pass over the ankle are anteriorly, from medial to lateral, the 
tibialis anterior, extensor hallucis longus, extensor digitorum longus, and per­
oneus tertius; laterally, the peroneus longus and peroneus brevis; and, poste­
riorly, the flexor hallucis longus, flexor digitorum longus, posterior tibialis, 
and Achilles tendon. 

The blood supply to the ankle and foot is derived from the dorsalis pedis 
and the posterior tibial and peroneal arteries, accompanied with their veins. 
The saphenous vein is situated anteromedially. 

Ne"es that cross the ankle are, anteriorly, the deep and superficial branches 
of the peroneal nerve; posteromedially, the tibial nerve; and posterolaterally, 
the sural nerve. 

PATHOMECHANICS OF ANKLE INJURIES 

It is obvious and accepted by most authorities that indirect ankle fractures 
and dislocations occur because of the action of various forces or combinations 
of forces on the normal ankle structures, in particular on the talus. 

In order for such forces to cause pathologic motions of the talus, the subta­
lar joint must be locked from positioning of the foot. The force that locks the 
subtalar joint further forces the talus in a particular direction. These ta1.ar mo­
tions, responsible for injuries of the ligaments and of the adjacent parts of the 
tibia and fibula, are all pathologic and do not occur during normal ankle mo­
tion with weight bearing. Obviously, body weight is transmitted to the ankle 
and foot and increases the amount of force delivered to the talus. 

In order to lock the talus, the foot moves to either supination or pronation; 
thus these motions are included in the descriptions of particular injuries. 

The following pathologic modons have been observed: 

Abduction. Essentially no medial tilting of the talus occurs in the ankle, as the 
deltoid ligament holds it firmly in place. 

Adduction. Lateral talar tilt even up to 20 or 30 degrees is known to exist in 
some normal ankles; the collateral ligaments must be relatively taut for the 
talus to cause injuries to the collateral ligaments, although slack ligaments 
would allow the tilting talus to engage the medial malleolus and produce a 
typical vertical fracture. 

External rotation. Only 1 to 2 degrees of external rotation is known to oc­
cur in some ankles when full dorsiflexion is reached; any further rotation is 
considered pathologic. 

Internal rotation. This does not occur during normal ankle motions. 
These facts constitute the basis of the functional classification of ankle in­

juries as described by Lauge-Hansen. 
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ClASSIFICATION OF INOIRECT ANKLE FRACTURES 

A great deal has been written and much more argued about the usefulness of 
any of the available classifications of the indirect fractures and the disloca­
tions. Most commonly cited are the AO anatomic classification as accepted by 
the Orthopaedic Trauma Association (OTA) and the Lauge-Hansen functional 
classification and its extension. It seems that both classifications are useful, 
though both have been considered too complex and impractical for general use 
in clinical practice. 

OTNAO Cluslfu:atlon 

The classification, originally developed by Danis and Weber, was accepted 
and refined by the AO group and was adupted by OTA and the Journal of 
Orthopaedic Trauma. It remains the most popular for its simple grouping of 
the three main fracture types (A, B, C), which are based on the state and the 
level of the lateral bone-ligament complexes and the level of the fibula where 
they occur. Three subtypes and further three sub-subtypes of each main type 
have been described; they reflect the significant anatomic variety of the indi­
rect fractures. Although an extensive group of fractures is presented in this 
classification, the lesions are catalogued in a systematic and logical order that 
is easy to understand and use. 

The Lauge-IIansen Classification and Its Extended Modification 

This classification is based on the mechanism of the injury and presents four 
main types. Each fracture type has incremental and sequential stages of in­
juries, specific and typical to each type. The four common types are the 
supination-external rotation (SE) type (Fig. 254), the pmnation-extemal ro­
tation (PE) type, the supination-adduetion (SA) type (Fig. 25-5), and the 
pronation-abduction (PA) type (Fig. 25-6). There are some other specific frac­
ture types, which are encountered less often in the practice. 

Typical Lesions 

In using either classification, one must understand the typical lesions that oc­
cur in any given type. The basic ligamentous structure is the ligamentous 
complex, which consists of a particular ligament and of the insertion sites at 
both ends. When the ligamentous complex is injured, the lesion can occur at 
five points: the ligament can be partially or completely ruptured in its sub­
stance, it can be avulsed at each end, and it can avulse the bone at the insertion 
site. The specific sites of bone avulsion have been described: 

1. Tillaux-Chaput's fracture, an awlsion of the anterior tibial tubercle of 
the same name by the anterior tibiofibular ligament 

2. Wagstafl'e's or LeFort's fracture, an avulsion of the anterior fibular tu­
bercle by the anterior tibiofibular ligament 

3. Volkmann's fracture, an awlsion of the posterior tibial tubercle by the 
posterior tibiofibular ligament 

One further typical lesion should be recognized: fractnre of the posterior 
process of the tibia. The fragment is large and often takes the posterior third 
of the tibial plafond. The lesion is caused by a vertical shearing force of the 
talus driven proximally while the ankle is plantarflexed. The lesion causes 
ankle instability and a tendency for posterior subluxation or dislocation of 
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Volkmann's 
postarolateral 
-fragment 

AO CLASSIFICATION SYSTEM 

A 
-?'typo fractures 

B 

rupture of anterior 
tibiofibular lig. or its 

------------- avulsion on either end-



A 

B 

c 
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A1 :_1_2_3 

In all A type: intact syndesmosis 
n ever a delloid rupture 

-rupture of lateral collateral ligaments 
or 
-fracture of lateral malleolus below syn­
desmosis 

-one of the A 1 lesions 
A2:_1_2_3 plus 

-a fracture of the medial malleolus 

-one of the A 1 lesions 
A3:_1_2_3 plus 

81 :_1_2_3 

-a posteromedial fracture of the 
medial malleolus 

-simple oblique or comminuted 
fracture of the lateral malleolus at syndesmosis 
-rupture of the anterior tibiofibular ligament 
-intact medial side 

-one of B 1 lesions 
82:_1_2_3 plus 

-fracture of medial malleolus, or 
rupture of deltoid ligament 

-lesions as In 82 
83:_1_2_3 plus 

·Volkmann's fragment posterolaterally 

In all C types: 
·medially·-mallcolar fracture or deltoid rup· 
lure 
-complete rupture of syndesmosis 

C1 :_1_2_3 short oblique......._ r-:--:---=~-. 

/ c:==.::.<==;;;:J 
C2:_1_2_3 comminuted 

C3:_1_2_3 injuricsat----uppcrlibula 
plus 
Volkmann's fragment pOSierolaterally 
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SE EXTENDED LAUGE-HANSEN SYSTEM 

supination external 
rotation 

SE f ractures of 
the fibula below, 

~-----Maisonneuve's high 
fibular fracture 

rupture of anterior 
tibiofibular lig. or its 

..,....-- avulsion on either 
end 

at and above the SE ./ SE I 
syndesmosis ,. 

Q SE2 u 

!,~ ;~ 
\~ ~ SE 3_... SE4 

" PE4 PE l 

PE fracture of 
the fibula (only 
location) 

rupture of anterior 
tibiofibular lig. or its~ 

avulsion on either end 

PEpronation 
external rotation 

fracture 
posttibial 
tubercle 
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EXTENDED LAUGE·HANSEN SYSTEM 

SA 
supination adduction 

PA fractures ---1~ 
of fibula 

rAJ~ 

Typical vertical 
fracture 

P A pronation abduction 

rupture of 
syndesmosis 

complex 

~ 
~FORCE direction 
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FIG. 25·4 SE-4 (above the syndesmosis) L.auge-Hansen ankle fracture. 
A. Initial anteroposterior view. B. Lateral view. C. Intraoperative spot Image. 
D. Treated with plate fixation and a syndesmotic screw. (Courtesy of Robett F. 
H811, Jr., M.D.) 

the IIDkle. Surgical fixation of tis f'Japmt in liD aDatomic position is IDllllda· 
tory (Fig. 25-7). 

DIAGNOSIS AND INITIAL MANAGEMENT 

HIJtorJ ud PhJsbl EumlnatloD 

Tbe IDslmy of iqjiii}' .ia :rm:ly hdpful becauae the pqdieD1 can seldom dcacn'be 
the direction of the injuring fon:e. On physical examination. areas of ecchy-

FIG. 25-5 SA fracture. A. Initial anteroposterior view. B. Intraoperative spot 
image. C. Treated with plate-and-screw fixation and an antiglide spring plate to 
stabilize the vertical medial fracture. (Coultesy of Robett F. Hall, Jr., M.D.) 
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FIG. 25·6 PA fracture (low at the syndesmosis). A. Initial anteroposterior 
view. B. Intraoperative spot film. C. Treated with OR IF. 

mosis, sweWng, and taldcmess are assessed over the antcromedial and poll· 

teromedia1 joint line and l.aferally over die entire length of die fibula. The con­
diJion of the skin is DOW. FnlqueDtly.dle skin wiD be (UltwJed or eveu dam· 
aged. Oentle mani.pulaDon of the ankle may show gross instability. 

OltawaRulu 

A great number of ankle .injuries are seen .in emergem:y departments; oDly 
about lS to 20% of these are fouod to involve a fracture. Obviously the nlllllber 

FIG. 2S·7 SE-4 fracture wilh a large posterior tibial fragmentthat requires AP 
compression screw fixation. Initial anteroposterior view shows the fracture of a 
fibula, lateral displacement of the talus, and a fracture of the anterior colliculus 
of the medial malleolus (A). The lateral view shows a large, proximally dis­
placed fragment of the tibia (B). Postoperative anteroposterior (C) and lateral 
(D) views show fracture fixation. The cortical screw used In the medial malleo­
lus was inserted as a lag screw by overdrilling the distal fragment. (Couttesy 
of Rob9rt F. Hall, Jr., M.D.) 
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of negative radiographs is substantial. The Ottawa group has proposed a spe­
cific protocol to exclude the presence of a fracture by clinical examination, 
thus eliminating unnecessary radiographs from the workup in some instances 
(30 to 40% ). However, although significantly reduced, the number of negative 
radiographs is still high (40 to 50%). This protocol, known as Ottawa rules, 
states that a patient requires ankle radiography if there is subjective pain in the 
malleolar areas and at least one of the following: (1) tenderness over the pos­
terior edge and surface of the lateral malleolus (which should include palpa­
tioo along the entire length of the fibula to look for a more proximal fracture), 
(2) tendemess of the posterior edge of the medial malleolus, and (3) inability 
to bear weight at the time of injury upon examination. 

Almost 100% accuracy in excluding ankles without a fracture has been ex­
perienced; thus there can be a significant reduction, with a high degree of con­
fidence, in the number of negative radiographs taken in the emergency depart­
ment. In spite of convincing reports, the Ottawa rules are not yet in wide use, 
perhaps :related to a degree of uncertainty and the need for radiographic reas­
surance on the part of the examiner as well as potential legal implications. 

Radiographic Examloatlon 

The standard radiographic examination consists of anteroposterior,lateral, and 
mortise views. The mortise view or true anteroposterior view of the ankle is 
obtained with the foot in 20 degrees of internal rotation. The radiographs are 
examined with the following six points in mind: 

1. Presence and type of a fracture of the medial malleolus or its colliculi. 
2. Presence, type, and location of a fracture of the fibula. The direction of the 

fracture usually mirrors the mechanism of injury. In addition, the level of the 
fibular fracture indicates the extent of the injury, as fractures above the syn­
desmosis indicate a more severe injury and an unstable syndesmosis. 

3. The state of the deltoid ligament and its deep portion, particularly when the 
initial radiographs show no widening of the medial clear space. When a 
pronation fracture of the fibula is present, the deltoid ligament is ruptured. 
When a supination fracture of the fibula is present and the medial malleo­
lus is intact, the deltoid ligament may or may not be ruptured Stress radio­
graphs are required. 

4. When there is an injury of the medial ligamentous complex without a frac­
ture of the fibula at the ankle, the entire length of the fibula is radiographed 
to determine whether there is a high fibular fracture. 

5. Other associated fractures should be recognized, such as those involving 
the posterior tibial process, the anterior and posterior tibial tubercles, and 
the anterior fibular tubercle. 

6. The dome of the talus is examined for osteochondral fractures. 

Stress Radiographs 

External rotation stress radiographs are obtained when there is an indication 
that the deltoid ligament may be ruptured despite the fact that the mortise ap­
pears intact. The foot is gently rotated externally and a mortise view of the an­
kle obtained The width of the clear space between the lateral tibial plafond and 
the lateral talus is determined. Likewise, the width of the clear space at the 
comer where the tibial plafond joins the medial malleolus and the medial cor­
ner of the talus is determined. A difference greater than 3 mm between these 
two measurements indicates a ruptured deltoid ligament (Fig. 25-8). 
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FIG. 25-8 Stress radiograph in assessment of medial instability. A A nor­
mal ankle where the joint space Is equal medially and laterally. B. A rupture of 
the deep deltoid ligament, as shown by widening of the medial clear space. 

Other Imaging Techniquu 

Tomography, computed tomography (C1), magnetic resonance imaging 
(MRI), and uthrogmphy are rarely necessary in evaluadng indited fractnres 
of 1he ankle. These studies can be useful in evaluating a soft Ua8ue injiii)', tbe 
presence of bone comminution, or the location of an occult fracture. 

IDBfa1)hnagement 

SubluutiODII or filmk dialocatiODII me m1uced by pulling in line with tbe ~ 
fmmity. The aokle is splinted, elevated, and iced. Bxceuive swell.ing. ecchy­
mosis, and blistels usually improve sufficiently with tbia n:gimen 1hat 3UIPlY 
can take place within 4 to 7 days. 

While stable and undisplaced fractun:s em be treated CODIIervatively by 
splinting and discharge from the emergency department, man: advanced le­
sions are splinted and die patients admitted for surgical treatment. 

AaiOdatecllo,Jurlu 

Associated injuries of neurovascular structures are rare, but they should be 
ruled out wilh a careful focused examination of 1he extnmlity. Compartmem 
syndrome is occasioDally associated with indin:ct fractures of the IIDkl.e; if it is 
suspected on the basis of the clinical examination, compartment pressures 
are measured. 

DeUltlve Muagnneat 

The decision on the definitive method of ~~W~~~gement depends on the evalu­
ation of the particular injury. The following factors must be considered. 

Is the fradure atable? Even an undisplaced fradure can be inherently un­
stable. Probably the most deceiving 1e&i.on is aPE~ of 1he fibula located 
above syndesmosis that is usually undisplaced; it is accompanied by a rup­
ture of the deltoid lipment and die UDStable syDdesmosis, yet may look on tbe 
radiographs like a simple frac:lare of the fibula. Cuting, even a stresa ndi­
ograph. would be a waste, since the talus would inevitably displace in a cast. 
On the other hand, an SE fradure of the fibula above syndeamosis can be stable. 
as the medial side and the posterior tibiofibular complex might be intact. Slfta8 
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radiographs usually resolve the question of instability. Cast immobilization 
is indicated if the medial side proves to be stable. Generally most lesions with 
a fracture of both malleoli or a deltoid rupture are unstable and require surgi­
cal reduction and stabilization. 

Most displaced fractures of the fibula, particularly if there is any shortening, 
require open surgical reduction and internal fixation, even when the medial 
comples is intact. Shortening of the fibula at the fracture site has been shown 
to reflect incongruity at the distal articulation, probably because there is also 
anterior or posterior displacement of the lateral malleolus, which also con­
tributes to the incongruity. 

Displaced and even many nondisplaced fractures of the medial malleolus 
require internal fixation, as most such complete fractures tend to displace in a 
cast If the fibular fracture is treated by internal fixation, any undisplaced frac­
ture of the medial malleolus should also be internally fixed to avoid subse­
quent procedures that might be necessitated by displacement, which can occur 
even weeks later. Closed reduction of a displaced fracture of the medial malle­
olus is not an acceptable treatment, as redisplacement and nonunion occur 
too often. The high incidence of nonunion in conservatively treated fractures 
is attributed to interposition of the periosteum between the fracture fragments 
and to inhibition of healing by synovial fluid from the ankle joint. Undisplaced 
fractures of the anterior colliculus can sometimes be left unfixed, when iso­
lated and undisplaced, although any subsequent displacement would require 
internal fixation, considering that the fragment is a part of the medial articu­
lar surface. Vertical fractures of the medial malleolus are extremely unstable 
and invariably are better treated by internal fixation. Fractures of the poste­
rior colliculus are rare and most often remain undisplaced as a single large 
fragment, as they are held in place by the the flexor tendons situated in the fi­
brous canal over the posterior malleolar groove. Unless displaced, fractures of 
the posterior colliculus require no internal fixation. 

Smaller fracture fragments of the Tilluax-Chaput or Volkmann tubercles 
rarely need internal fisation. A larger posteromedial or posterolateral fragment 
requires anatomic reduction and internal fixation. 

A Wagstaffo--Le Fort's fragment is often a part of comminution of the lat­
eral malleolus; as such, it is routinely fixed with the main fracture. 

The tibiofibular syndesmosis is generally destabilized in all complete lesions 
of fractures at or above the syndesmosis and in some SE fractures below the 
syndesmosis (mixed oblique fracture of the lateral malleolus, Destot). In some 
of these fractures, the anterior tibiofibular complex is intact, even in a com­
plete lesion, where there is also a fracture of the medial malleolus and injury 
of the posterior tibiofibular complex. Isolated displaced fractures of this type 
are rare. Unstable syndesmosis has also been noted in a lesion often referred to 
as a complete ligamentous diastasis of the ankle, where the deltoid ligament 
is ruptured as well as all ligaments of the syndesmosis, including the in­
terosseous membrane. The lesion is the second stage of a posteroanterior le­
sion. An unstable syndesmosis requires recognition at surgery, as it is usually 
part of a complete lesion. It is thought that persisting fibular instability is the 
result of a complete rupture of the interosseous ligament and of multiple 
smaller anterior and posterior interosseous fibers as well as a rupture of the in­
terosseous membrane to and often above the site of the fibular fracture. Al­
though all ligaments of the syndesmosis might appear disrupted, the decision 
to stabilize it should be made only after the fixation of all fractures. Although 
instability of the fibula at the syndesmosis can be diagnosed by grasping it 



25 INDIRECT FRACTURES AND DISLOCATlONS OF THE ANKLE 367 

with an instrument and pulling it anteroposteriorly and laterally, many sur­
geons prefer to do an intraoperative stress radiograph, which seems more ob­
jective. If unstable, the fibula is transfixed with a 3.5-mm. (4.5 mm in a large or 
heavy individual) cortical screw, which transfixes the fibula and engages the 
medial cortex of the tibia (Fig. 25-5). In doing this, it is recommended to dor­
siflex the ankle maximally before inserting the screw across the tibial cortex in 
order to prevent the overapproximation of the fibula to the tibia. In situations 
where the anterior width of the ta1.ar trochlea is increased, a reduction of an­
kle dorsiflexion can result from a tight ankle mortise. In situations where the 
fibular fracture is proximal (e.g., Maisonneuve injwy) and not stabilized by in­
ternal fixation, it may be prudent to use two 4.5-mm. cortical screws. 

The deltoid ligament is rarely if ever repaired. It constantly heals without 
significant residual instability. When repair is indicated, it requires attachment 
to the talus, where it is commonly detached, or to the medial malleolus, by 
passage of the sutures through the drill holes in the bone and by partially 
decorticating the bone at the site of the attachment. 

Sutglcal Techniques 

Open Reduction 

The procedure is usually done under tourniquet hemostasis. 

Incisions and exposure. An incision is made laterally over the fibula. When 
practical it is extended distally and anteriorly directly over the distal syn­
desmosis. In a high fibular fracture, a second smaller incision can be made at 
the syndesmosis. Exposure of the medial side is through a curved incision cen­
tered over the anterior medial comer of the mortise, or a straight incision is 
sometimes made and centered over the medial malleolus. The skin is handled 
carefully to avoid injuring it further. The crural fascia is detached from its at­
tachment to the lateral fibula and allowed to retract. This sometimes releases 
the swollen tendons and muscles and allows easier reduction of the fibula, 
which is often displaced anteriorly by the taut crural fascia. The dome of the 
talus is examined, as are the anterior tibiofibular and talofibular ligament com­
plexes. The joint is inspected for the presence of loose (osteo)chondral frag­
ments, which should be removed or washed out. The articular defects, partic­
ularly on the talar dome, are common and must not be overlooked; they should 
be debrided and drilled to facilitate their repair and possible regeneration of 
cartilage. 

Fixation of the fibular fracture. A standard interfragmentary screw !Ua­
tion is done or, when necessary, in a case of comminution, temporary or per­
manent cerclage wire or pin fixation in order to reduce and hold together the 
reduced frsgments of the fibula. Then a one-third semitubular neutrslization 
plate is attached posterolaterally to the fibula. Alternatively, antiglide !Ua­
tion with a more posteriorly placed one-third semitubular plate can provide 
a good stabilization. 

Fixation of medial mtlOevlar fractures. The medial malleolus is redoced and 
held with a clamp while a 4.0-mm. cancellous screw is inserted over a guidewire. 
Two screws are rarely needed in fixation of a noncomminuted malleolar frag­
ment. A fracture of the anterior colliculus should not be overlooked on pre­
operative radiographs. It must be handled very carefuJ.y to avoid splitting it. 
A single 4.0-m.m. cancelous screw, inserted over a guidewire, provides good 
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fiDtion. The temptation of inserting two ~~m~ws should be n:sisted. sim:c .ir­
reparable comminution of the small fragment can lead to unsatisfactory n:­
duction aDd fixation. Inste8d, it is advisable to fix small« fragmeDta widl a wire 
tension baod. 

Deltoid ligament repair. When repair is indicated, it requires attachment to 
the talus, wbete it is commcmly detached, or to the medial malleolus, by pas­
sage of the sutun:s dlrouah the drill holes ill the bone aDd by partially d£cor-
1icating !he bone at the !rife of the attachmalt. 

Flzotton of the posterior fn:Jgmenb. Larger poatcromedial or poaterolatcral 
fragmmts n:quin: anatomic mlucti.on and intemlll fixation. Dependiq on 
their size. they can be fixed with a front-~back lag scn:w after the fragment 
is n:duced by fon:ed dorsiflexion (Fig. 25-9). Dim.:t exposun: and n:ducti.on 
aDd illtcmal fixation an: alao milized ill many CIISC8. The stability of the distal 
fibula at the s~is is examilled ill !he last step and balldled as described 
above. 

&me grafting. If bone grafting of an impacted medial or lateral plafond is 
requjml, cancellous bcmc is obtained from the ipsilateral distal femur or the 
tibia or an allograft or commercial bone substitute can be used. Careful. as­
sessmem of the reduction is paramount for avoiding articular incongruity and 
preventing the development of posttnmmatic osteoarthritis. 

Postopmztiw 11UIIlllgemmt. A short leg splillt is applied at the end of the 
proc:eclun: and a shmt leg cast prior to diacbarge. At 2 weeks, the cut is taken 

FIG. 25-9 Fixation af a large posterior fragment by a front-to-back lag screw. 
A. The fragment Is displaced posteriorly and superiorly and the talus subluxed. 
B. Forward translation and dorsiflexion af the foot reduces the talus by pull of 
the posterior capsule and remaining Intact ligaments. C. A lag screw Is Inserted 
0118r the guidewire and it compresses fracture fragments (C). 
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off, the sutures are removed, and a commercial removable cast is applied. 
Range-of-motion exercises are undertaken at that time. In simple noncom­
minuted fractures, cast immobilization is discontinued at this time if the del­
toid ligament is intact. The patient is allowed full weight bearing at 6 weeks. 

Closed Reduction 

Closed reduction of displaced fractures is rarely indicated because redisplace­
mentis common and the outcome uncertain. It is indicated when local condi­
tions at the ankle, such as infected cellulitis and deep abrasions, make open 
reduction undesirable. Closed reduction, preferably under general or regional 
anesthesia, is pedormed by applying traction on the foot and supinating it af­
ter obtaining the length to reduce the medial malleolus or to reduce the talus 
in the mortise, which also reduces the fibula into the syndesmosis by a pull of 
the collateral ligaments. Residual mild displacement of the fibula at the fracture 
site is commonly unavoidable. Owing the procedure, radiographic imaging is 
mandatory. Postoperatively and after casting, conventional radiographs are 
obtained. When reduction is lost, the procedure is repeated dwing the same ses­
sion. If reduction is lost on subsequent radiographs, another operative reduction 
is justified in a few days and after a further reduction in swelling. A long leg 
cast is commonly applied after closed reduction; it is changed or adjusted as re­
quired. The cast is usually worn for 8 to 10 weeks. Weight bearing is allowed 
only after the fracture has healed. 

Cast Immobilization without Reduction 

An isolated, usually undisplaced or minimally displaced fibular fracture at any 
level is treated by cast immobilization after the stability of the syndesmosis and 
the deltoid complex has been determined. Sometimes immediately and very of­
ten after a few weeks of immobilization in a cast, a commercially available re­
movable cast is prescribed for further immobilization. After 2 to 3 weeks and 
once the local pain has subsided, range-of-motion exercises are started. Weight 
bearing is begun at about the same time. Immobilization is continued for 4 to 
6 weeks, when periosteal callus bridging the fracture site is usually observed. 

ComplicatloDJ 

Complications of indirect ankle fractures include posttraumatic osteoarthritis, 
infection, and nonunion. Posttraumatic osteoarthritis is rather rare after an 
indirect ankle fracture. The cause can be attributed to the unrecognized and 
untreated impaction fractures of the plafond, to scuffing or compression of the 
articular cartilage surface at the time of injury, and from comminution of the ar­
ticular surface even after an anatomic reduction. Healing of inadequately re­
duced fractures is seen less often nowadays, with an understanding of the ben­
efits of an anatomic reduction achieved by open reduction and internal fixation. 

Postoperative infection is rare though more common on the lateral side. 
Breakdown of skin over the plate has been observed. Treatment with antibi­
otics and local wound care will often suffice. Any infection can be controlled, 
and although the wound will be open, the fibular fracture will still heal. The 
plate can then be removed to allow wound healing, which is usually rather 
rapid. Chronic osteomyelitis is indeed rare. 

Nonunion of the fibula is very infrequent and responds well to local bone 
grafting. Nonunion of the medial malleolus is essentially nonexistent after 
open reduction and internal fixation. 
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The dictum in the treatment of ankle fractures, as in fractures of other joints, 
is achieving a healed fracture in an anatomic position as well as a stable joint. 
The patient should know that despite an excellent anatomic surgical result, the 
absence of complications, early joint mobilization, and physical rehabilitation, 
residual pain and stiffness can spoil the final result. 

INJURIES OF THE LATERAL COLLATERAL LIGAMENT COMPLEX 

Facts concerning ankle sprains include the following: (1) Rupture of the ante­
rior talo:fibular ligament is usually an isolated injury. (2) Simultaneous rupture 
of all three collateral ligaments is Illre, the posterior ralofibular ligament being 
the least vulnerable. (3) Rupture of the anterior talofibular ligament is usnally 
a complete, or grade m, injury. This is not the case with injury of the calcaneo­
fibular ligament, which is frequently partial. (4) Sprains (syndesmotic) of the 
anterior tibiofibular ligament are separate injuries with a different mechanism 
of injury and prognosis. 

Classification 

Injuries of the lateral collateral ligament complex of the ankle are classified 
into three groups: 

First degree: Complete rupture of the snterior talofibular ligsment only, the 
mechanism of injury being internal rotation of the pronated ankle. 

Second degree: Complete rupture of the anterior talofibular and calcaneo­
fibular ligaments but with an intact posterior talo:fibular ligament; the mech­
anism of injury is internal rotation of the supinated foot. 

Third degree: All three lateral collateral ligaments of the ankle are ruptured; 
the mechanism of injury is adduction of the supinated ankle. 

Two patterns of medial malleolar fracture are associated with injuries to the 
lateral collateral ligament: a vertical fracture (SA pattern) and a supination­
internal (SI) rotation fracture. The latter is a transverse or slightly oblique frac­
ture of the medial malleolus and indicates a second-degree lateral sprain. 

Dlagnoals and IDIUal Management 

History and Physical Examination 

The clinical evaluation is most important because radiographs are frequently 
of little help. Specifically, there is a history of injury (usually inversion of the 
foot from stepping on an irregular swface, with the sensation of a pop), the 
immediate onset of pain, swelling, and difficulty in bearing or inability to bear 
weigbt. 

There is swelling over the site of injury and tenderness directly over the in­
volved ligament (most often the anterior talofibular ligament). Manual motor 
testing determines the integrity of the major musculotendinous units impor­
tant to gait and stability of the foot and ankle. Not all painful swollen ankles are 
the result of a sprain and some sprains result from underlying problems. The 
pulses and sensation (both deep and superficial pain) are evaluated. A bad 
sprain in a young athlete is not the same problem as it is in an overweight dia­
betic with peripheral neuritis or vascular insufficiency. 

Stability of the talus in the coronal plane (adduction) and sagittal plane 
(anterior drawer) is assessed. 
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Tenderness over the anterior tibiofibular ligament and/or the deltoid ligament 
suggests injuries to these ligaments and a syndesmotic and/or deltoid ligament 
sprain. In this situation, pain is present with external rotation, and stability of 
the ankle mortise with external rotation must be determined. A Maisonneuve's 
fracture of the proximal fibula is ruled out by physical and/or radiographic ex­
amination. The squeeze test of the proximal fibula to the tibia will cause pain in 
the distal syndesmosis if its ligaments have been injured. 

Radiographic Examination 

Plain films are usually of little value and indicate only soft tissue swelling. 
An SA or SI medial malleolar fracture may be present on the mortise view. 
The Ottawa rules, outlined in the discussion of ankle fractures, are a valuable 
guide in determining which patients require radiographs. 

Stress films are valuable but require substantial analgesia and are difficult 
to obtain with validity in unanesthetized patients. Stability in the coronal plane 
is assessed by adducting the .midfoot while a mortise view is obtained. Tills 
view is compared with a stress film of the uninjured side. Varus tilt of the talus, 
which is 10 degrees greater than that of the uninjured side, indicates a third­
degree sprain. Stability in the sagittal plane is assessed with a lateral film of 
the ankle taken while an anterior drawer test is performed. To perform the an­
terior drawer test, the heel is held in one hand while the other pushes the tibia 
posteriorly. Anterior displacement of greater than 3 mm when compared with 
the normal side indicates at least a first-degree sprain. In most instances (except 
when there is obvious instability on the clinical examination), these stress 
views underestimate severity and do not determine management. 

In special situations (e.g., when primary repair is a consideration), exami­
nation under anesthesia or MRI can be undertaken. In severe injuries, MRI 
will also show the extent of bone bruising (edema), which may be of prog­
nostic interest. 

Dlffen>nUal Diagnosis 

Other important considerations are those of the differential diagnosis and con­
founding problems. Not all painful swollen ankles are ankle sprains! The fol­
lowing is only a partial list of injuries or other diagnoses that may be associ­
ated with or mistaken for an ankle sprain: peroneal tendon subluxation, 
osteochondml fracture of the ts1ar dome, lateral fracture of the ts1ar wall, frac­
ture of the calcaneal process, Maisonneuve's fracture, stress fracture (espe­
cially in diabetics with neuropathy or the osteopenic patient), peroneal nerve 
palsy, tendon rupture (Achilles or tibialis), and superlicial injury of the per­
oneal nerve. 

Initial Management 

There is no dislocation or deformity to reduce; therefore splinting, crutches, 
ice, analgesic medication, and elevation are customary and are used in pro­
portion to the severity of injury. Significant injuries with substantial pain and 
swelling and an inability to bear weight require adequate splinting in the 
plantigrade position of weight bearing. There is no sadder sight than the pa­
tient who comes from the emergency deparbnent with an inexpertly applied, 
poorly padded posterior splint, the foot in equinus, who cannot get it off soon 
enough because the pain and swelling have in fact been made worse. Splinting 
is not a job for the inexperienced. 
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Definitive Maugemeat 

Functional trea!ment is desirable and ia done in a manner proportiollllte to the 
severity of injury and with proper consideration of the kind of patient who 
has the injury. A grade I sprain in a young athlete will be treated differently 
than a grade n sprain in an overweight middl~agecl diabetic. 

Functional treatment means the use of support (elastic anklet, air-6lled 
clamshell splim, pnUbricated nmovabk walkillg cast, or, rardy, a wrapped­
on fiberglas• cut) that will allow the patient to bear weight a11 soon a11 polli­
ble with reuonable comfort As the symptoms resolve, the encumbrance of 
support diminishes and self-rehabilitation begina. Weight bearing is the sine 
qua DOn of rehabilitation and i& followed by active ~of-motion exercises, 
double toe rises, light resistance exercise~~. and formal physical therapy with 
proprioceptive reeducal.icm, which always inchldes balancing-board e~s. 
Long-tmn prolecti.on with an ankle lacer or pneumatic splint will be advisable 
in t:ertain situations, again depending on the activity level, stage and quality of 
recovery, and body habitus and proprioceptive &kills of the patient in question. 
The author has yet to see a skateboarder or roller-park babitu6 who has re­
quimllong-tmn support to mum to his or her venue. 

Primary ligamentous repair ia rardy carried out even in patients whose ac­
tivities require strong lateral support at the ankle. Well-controlled investiga­
tions have brought to our attention two points: (l) ~te surgical repair will 
prolong the initial recovery and confer no advantage with reganl to stability 
at follow-up wben l.lOIIJPIIR'(l with functional treatmeDt and (2) posUraumatic 
adbrosis does not usually occur in patients with chronic lateral instability. 

When operative repair ia elected, the exposure is through an incision that par­
allels the peroneal tendoll&. The peroneal sheath ia opened and the tendoll& are 
retracted anteriorly to reach the posmrior talofi.bular and calcanoofi.bular liga­
ments. The anterior talofibular ligament is the easiest to expose and repair. 
Suture anchors or drill holes throv.gh bone are useful when the ligameDt has 
been avulsed at its insertion. Postoperatively, the ankle is protected with a 
short leg cast for 4 weeks and a removable cast for 2 weeks. 

FIG. 25-1 0 Patient with recurrent inversion ankle sprains. A. Radiograph of 
the ankle showing an ununlted fracture of the lateral malleolus. 8. Inversion 
stress radiograph showing movement of the ununited fracture fragment and a 
talar tilt (arrows). C. Radiograph following surgical repair of the nonunion and 
attached calcaneofibular ligament as well as modified Ahlgren-Larsson ad­
vancement of the anterior taloflbular ligament and anterior capsule. 
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Complications 

The complication unique to this injury is laxity of the lateral collateral ligament 
complex, resulting in "giving out" when a varus force is applied to the foot 
(e.g., when the patient walks on uneven ground). Management is conservative, 
with a broad heel on the shoe (occasionally a lateral shoe wedge), peroneal 
strengthening, proprioceptive exercises, and an ankle support. 

Numerous operative repairs for lateral instability have been described. Cur­
rently, anatomic reconstruction by advancement or plication of the lax tissue 
(as described by Karlsson or Brostrom) is preferred (Fig. 25-10). Procedures 
using the peroneus brevis as a tenodesis frequently do not hold up well. 

Before any reconstruction is undertaken, the diagnosis of instability must be 
confirmed by a careful history and hopefully objective physical evidence; re­
habilitation must have been attempted and other causes of instability elimi­
nated. Undiagnosed pain is not an indication for ligamentous reconstruction. 
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26 Fractures of the Tibial Pilon 
Walter W. Vir/cus John L. Lin 

Fractures of the articular surface of the distal tibia are common and often oc­
cur in association with other injuries. These injuries bave a severe impact on 
the patient's quality of life. Patients typically bave ankle stiffness and some 
degree of chronic discomfort. Many require a change in occupation due to lim­
itations imposed by their injuries. The physician's role is to minimize early 
complications, maximize return to activities of daily living and work, and ed­
ucate the patient as to the poor prognosis of these injuries. H operative treat­
ment is selected, careful attention to both the soft tissue and osseous injury is 
required to prevent iatrogenic complications and subsequently poor or even 
disastrous results. 

MECHANISM AND PATHOANATOMY 

Pilon fractures occur from either an axial load or, less commonly, a severe tor­
sional injury. With an axial load, the talus is driven up into the tibial plafond, 
causing segmentation and impaction. The position of the foot plays a role in 
the fracture pattern. Dorsiflexion or plant.arfl.exion directs the force anteriorly 
or posteriorly, respectively. This typically leads to more comminution of the 
affected portion of the articular surface. 

Increasingly higher amounts of energy are dissipated into the surrounding 
soft tissues, producing a soft tissue injury with a severity that parallels the 
severity of the osseous injury. Higher levels of energy can lead to increasing 
comminution in either the articular segment, metaphyseal segment, or both 
or even extension into the diaphysis. The typical primacy fracture lines of an 
intraarticular pilon fracture form a triradiate pattern separating the articular 
surface into anterolateral, posterolateral, and medial segments. The two lateral 
fragments are typically attached to the fibula by the syndesmotic ligaments, 
which facilitates the use of the fibula in restoring anatomic length of the tibia. 
Increasing energy adds additional fracture lines to this pattern, increasing the 
number of fragments. Often a "die punch" fragment exists in the middle of the 
articular surface that has no soft tissue attachment and therefore is not reduced 
with longitudinal traction. 

HISTORY 

The history of a patient with a pilon fracture is usually straightforward. Most 
commonly such injuries are due to motor vehicle accidents and falls from a 
height. Less commonly they can occur through a rotational injury, as in skiing. 
The patient will complain of pain in the ankle and typically will be unable to 
bear weight. Patients with a history of a fall should be questioned about back 
pain. Concomitant injuries also often occur, such as other lower extremity 
fractures, head injuries, and upper extremity fractures. Medical history­
including diabetes, peripheral vascular disease, hypertension, coronary artery 
disease, history of smoking, occupation, and other musculoskeletal com­
plaints-is important in guiding treatment and assessing prognosis. 

374 
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PHYSICAL EXAMINATION 
Careful assessment of the whole patient ia vital in all cuea of severe trauma to 
an extremity. Particular attention should be paid to the dloraci.c and lumbar 
spine, pelvis, and hips to llllllm sure thai there ia no concomitant proximal in· 
jury. The cliaposia of a plaforul f'ractore ia usually omous on physical exam­
ination. The examination reveals swelling, ec:chymosis, and often deformity 
of dle allkle. Open injuri.ea are foiUld in 12 to 56% ofhi.gh-enc:rgy ~s 
and 3 to 6Cii of low-energy f'ractun:a. It is important not to miu a small punc­
ture wov.Dd marking aD open injury. Cueful assessment of the condition of 
the aoft tissues (i.e., preseDCle of fi'IK:ture blisters) and neumvascular status muat 
be carried out. Examination of the skin for normal wrinldes,lmown as the 
"wriDDdc test, .. will often sene to detmmine the level of swelli.Dg; the condition 
of the skin in thia regard should be noted for future comparison (Fig. 26-1 ). 
Compartment syndrome is fov.Dd in 0 to SCII of cases and must be ruled out, 
especially in higber-eneqy injuries. Firm compart:ments, decreased sensation, 
pain out of proportion, and pain with passive stretch are suggestive of com­
partment syndrome. 

DIAGNOSTIC IMAGING 

IDi.tial imaging should consist of plaiD radiogmphs. Orthogonal images of the 
aukle (ao.teroposterior aDd lateral) and entire b'bialf:ibula should be obtained. 
A mortise view of the allkle is also useful. If opmmve intavention ia mti.ci­
pated, further imaging with computed tomography utilizing :2-.mm. sections 
through the IIIIic:ulllr sudal:e ia highly recoDIIIleUded. 'Ibcse images can be ob­
tained either during the initial wmkup or preferably after placement of a span­
Ding extemal :lhaur. Aldal. images am mostheJpful in defiDiDg the IWIDber and 
size of~ fragmeuts and can help in preoperative planning (Fig. 26-2). 
SapttaJ. c:cmmal, and tbrecHtimeD&i.o RlCODStiW:Iions may also yield addi­
tioual infonnati011 about the fracture pattern. 

ClASSIFICATION 

Two classification systems are commonly used in describing fractures of the 
tibial plafond. The :Ruedi and Allgower claaaifica1i011 was the first in com­
mon use. A type I fracture is a nonclisplav.:ed intraarticular fracture. a type n 
fracture ia a diaplaced intraartk:ular ~with minimal or no comminution, 
md a type m ~ is a comminuted fracture of the articvlar surface and 

FIG. 26-1 The "wrinkle" test showing wrinkles and epithelialized blisters in­
dicating a recovered soft tissue envelope. 
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FIG. 28·2 Radiologic evaluation of pilon fractures. A. A lateral radiograph 
shcms a simple pllon fracture with extension Into the diaphysis. B. A cloaer view 
shows a step-off at 1he fracture site. C. AA axial CT of a more severe injury at the 
plafcnd shows an aniBrior articular fracture, slightly comminuted. D. AA axial CT 
view shows extensive comminution of the plaftlnd. Coronal (E) and sagittal (F) CT 
reconstruction of the distal tibia clearly defines the morphology of the fracture. 

metaphysis. Its use has ICCeldly dimillishcd, lll1d DOW lhc most oommouly used 
classiftcadon system ill the one proposed by the Orthopedic Trlmma Associa­
tion (afA/AO) (Fig. 26-3). This system ccmsists oftbiee fractUie categories: 

Type A--extraarticular fractme 
Type &--partial intraart.icvlar fracture in which part of the articv.1ar surfaoe 

maintains atw:hmmt to the metapbysia lll1d diaphysia of the tibia 
Type C-complete articular fraanre in which the entire articular s1ll'face is 

scparatcd from the metaphysis and/or diaphysia of the tibia 

Each category ill then farther divided into three fracmre groups: 

Type 1-.mini.mal or no comminution 
Type l--minimal articular rommimlfjon wilh scvee metaphyecal romminntion 
Type 3--eevere comminuti.on of the articular surface and metaphysis 

The above groups in each category are lhen further divided into 1hree IUb· 
types. 

Ovmllllhcre are '1:1 fractuie types of lhc distal tibia. Tbc PlDJIOIIC of so IDI1I1Y 
subtypes is to allow accurate claaaificadon of the fractures and to facilitate 
meaningful raean:h on these difficult injuries. For geDmd ptaCtice. .it is use­
ful to simplify the claasification to a fracture involving the entire articular sur­
face (type C), pmt of the llltic:ular SUifacc (type 8), or not involving the mtic:u­
lar lllll'face (type A). Adding a digit (1 to 3) to thillletmr indicates an increaaiDg 
degree of fJ:IK:tme romminntioD. For elUIII1IJ]e. an A3 fi:at:tme is a sevc:rdy com­
minuted fracture of the metaphysis with DO llltic:ular fracture. A Cl fracture is a 
simple fracture dividing the entire articular surface into two ortbree fragments. 
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Cla~ifocation or Pilon Fractures 
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FIG. 26-3 r:IrNAO classification of pilon fractures. 

Tbe additicmal subtypes do not bave a role in 1hc day-to-day use of Ibis das&i­
fication system. 

INITIAL MANAGEMENT 

After 1he history aDd physical examinatio11. radiographs should be obtained 
promptly. After radiographic CODfiimation of tbc injury, the exlmllity should 
be pbcecl in a well-paddccl splint, iced, and ekvated to rednce pain 8Dd ~ 
vent fudber soft tissue injury. Open injuries should be assessed, large debris 
removed, and a sterile saline or povidonb-iodine dressing applied. Appropri­
ate antibiotics and tctanus prophylaxis should be administered. If an open in­
jury is present, formal operative debridcmcot should also be accomplishOO dur­
ing this initial procedure and should be undertaken in a dmely ll1IIDDCl (within 
less thaD 6 h). PmvisioDal:redw:tiDn of articular fraamc:mts can be accomplished 
tbrough the open WOUI1d if contamination is not severe. Fracture ftagmenta vis­
ible through the wound or its extension are lDIIIlipulated with Kirschner wires 
or sbaip picks and tbcn held in place with lag scmws or wires. Hardw~e should 
not be placed if a cleaD wound bed is not achieved. If traumatic wounds can­
not be closed, phwemmt of an antibiotic bead pouch can decmlse the rate of in­
fection 8Dd prevent desicca!ion of exposed tendons aDd neurovascular strw:­
tuMs. Thia is performed by placing polymethylmethacrylate beads tbat are 
mixed with antibiotics over the wound 8Dd covering them with aD adhesive 
dressing, such as Ioban. The fluid that collecta under the dressing then has a 
very high antibiotic concentra!ion. If definitive treatment is to be dd'emcl un­
til swelling diminishes_ proviaionallmgth should be obtained as de&cn'bed in 
the section on staged open reduction and intcmal fixation (ORIF), below. 

DEFINITIVE TBEA.TMENT OPTIONS 

After tbc iDi.tial management deaa:ibed above. a definitive management plan 
should be determined. The treatment plaD should iDclnde timing, provisional 
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restoration of length, method of articular reduction, and fixation. Regardless of 
the method, the basics of pilon fracture fixation include anatomic reconstruc­
tion of the articular surface and reestablishment of the length, alignment, and 
rotation of the tibia and fibula with some form of neutralization construct in 
the form of a plate or external fixator. 

Nonoporatlve Tnlatment 

Nonoperative treatment has a diminishing role as an improved understanding 
of the importance of the soft tissues and better surgical techniques develop. 
Casting can be used in minimally or nondisplaced extraarticular fractures 
without comminution (OTA Al) or in nondisplaced articular fractures in pa­
tients with multiple risk factors. 

External Fixation/Limited ORIF 

An external fixator can be used for definitive fixation with or without inter­
nal fixation. Factors making this treatment option preferable include severe 
osseous comminution of either the articular surface or metaphysis (OTA C3), 
proximal extension into the diaphysis, severe soft tissue injury, and patient 
risk factors including smoking, diabetes, and peripheral vascular disease. This 
method works best when done in the acute period, so it should be chosen 
early. It is, however, possible to revert to this treatment approach if a staged 
protocol is complicated by failure of limb swelling to decrease or by other ad­
verse events. 

While many variables are involved in this treatment approach, it has three 
basic components: 

I. Articular reduction 
2. Limited internal fixation 
3. Application of an external fixation device 

limited internal fixation can range from a few lag screws to multiple 
Kirschner wires or small plates. Limited refers not only to the amount of im­
planted hardware but also to the amount of exposure used to achieve reduction 
and fixation. The external fixator can range from a simple monolateral frame 
to a complicated ring fixator. These decisions are based on the specifics of 
the bone and soft tissue injury as well as surgeon preference. The decision to 
plate the fibula is also controversial, as described below. 

The basic technique of external fixation/limited ORIF is first to obtain artic­
ular reduction, usually by indirect reduction methods. Small incisions can then 
be made to place reduction clamps, fine-tune the reduction, and place screws, 
wires, or small plates. Most commonly,lag screws are placed anterior to pos­
terior to stabilize the coronal split that is typical of this injury. Additionally, 
screws are placed to stabilize a large medial malleolar fragment if necessary. 
Short plates can be used to buttress small areas of comminution. Axial CT 
scans can help in detennining the ideal placement and direction of these im­
plants based on the fracture lines present. The external fixator in this technique 
acts to neutralize forces and to maintain alignment of the reduced articular 
surface. The external fixator serves the same function as the plate used in for­
llllli ORIF. 

A wide range of fixators can be used in the treatment of pilon fractures. 
These include fixators that span the ankle joint or attach to the distal tibia and 
those that are on only one side of the leg (monolateral), both sides of the leg 
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(delta frame), or circumferential with rings. Monolateral fixators and delta 
frames are typically bridging extmnal fixators U&ed to protect the articular sur­
face and stabilize the metaphysis until healing occu:rs, at which time they are 
removed so thlll ankle motion can begin. Monolateral fixaton are usually 
placed medially, with pins in the clllcanens and talus connected to pins in the 
ubia. Delta frames have pins that traverse the calcaneus, protruding medially 
and laterally, tba1 connect to pins in the tibia to make a triangle. Theile may 
be more stable tban IDOIWla.tCilll fixators in ~enting varus and valgus m­
gnlation of the distal tibia (Fig. 264). The potential disadvantage ofboch of 
these fixator COIIIbucts is dlat the anlde is immobilized lDltil they lie removed. 
The adVliDtage is that they get good purchase away from the fracture site. An 
Ilizarov-type fixator is a multiple-ring device attached to the tibia with a com­
bination of wires and half pins. A hybrid fixator typically has one ring with 
tensiaoed thin wiles attached to mme standard pin clamps and half pins. The 
main difference between these two fixlllor!i ill that the hybrid can be slightly 
easier to apply, while in some cases a properly co1181lucted Ilizarov frame 
can permit full weight bearing. In most pilon fractures, the use of thin-wire 
ring fuudors is WIWilly necesSill)' ID avoid spanning the llllkle joint. Reduction 
of the lllticular sun ace IDllBt be obtaim:d prior to .insertion of the win:s to be at­
tached to the finlm. When wires are placed, the first wire is driven medial to 
lateral, parallel to the joint line. The wire lllwnld be a minimum of 2 em from 
the joint line to avoid beiDg imlacapsnlm:. A second wire with a bead or olive 
is driven from posterolateral to anteromedial through or anterior to the fibula. 
The bead prevenlll sliding of the distal tibial segment along the wires. The 
drlrd wire is insertOO just anterior to the posterior tibial tendon in the medial 
malleolus. Additional wires or anterior half pins can be added for stability. 
The win:s are then 1eDsioned after being attached to a ring. An additional ring 
or half pins are then placed into the proximal tibia; the proximal and distal rings 
are connected; proper length, alignment, and rotation are obtained; and the 
connecting bm are tightened. 

The advantage of this approach is limited stripping of open wounds and soft 
tissue without sacrificing reduction of the articular surface. Disadvmtages 
include pin-tract infections (about 20% ); malaJignment, requiring adjustment 
of the fixator (10 to IS%); and delayed motion in C8IICii where the ankle joint ia 
spaniJCd. Final range of motion has been shown in seven} series not to differ 
statistically from ORIF or nouspanning external fixatiOD. 

FIG. 26-4 Postoperative radiographs and clinical photo following limited In­
ternal fixation and external fixation with a delta-type frame. 
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Plathlg the Fibula 
Plating of the fibula as part of the treatment of pilon :fractures is controversial 
Some authors advocll1e this procedure in the acute period to help DUtintain 
length and provisionally redwle the frDcture fragments through the 10ft tissoo 
attachments tu the tibia. A trend towani a better final reduction has been re­
ported with this approach when followed. by formal or limited ORIF. Critics 
of this approach cite the increased rues of wound oomplicmons, and studies 
have shown equivalent clinical and radiographic n:sulta regardless of whether 
or not the fibula is plated acutcly. Additionally, plating of the fibula can lead 
to VB1'lll alignment of the ankle joint if IIDlltomic length of the tibia is not main· 
1ained until healiiJ&. Occasionally, the decillion to p1are the 6bula will depend 
on whether a plate or exlemalfixatm will be used to stabilize the metaphyseal 
fracture. If external fixation is anticipated, it is oftm advantageous to allow 
mild sbmteniDg through the fibula, because it can be very difficult to maintain 
IIIlliiDmic tibial length with an external fixator. If plating is performed, all inci­
sions for definitive fixation should be anticipated and the incision for fibular 
plating kept a minimum of 7 em from the anticipated site of fuwre incisions. 
This often means &hifting the laferal incision more posterior if a standard an· 
teromedial approach is anticipated for ORIF. Additionally, an anatomic rc­
dnctioo is essential if piadng of the fibula is perl"onncd. Nnnanatomic reduction 
of the fibula will hamper anatDmic rcductioo of the distal tibia when definitive 
iWdion is undertaken. 

S~(F~)OidF 

Formal ORIF is an excellent trcamlent method in cases where the soft tissoo 
envelope pcnnita. It can be used in nearly all fracture types (OT A A, B, and 
C). It allows early ankle DW4ion and avoids the problems of pin-1ract infectiorJs 
and bulky fixalors. Definitive open reduction and fixation should be avoided in 
the immediate injUI)' period due to a hi.gb. incidence of complications when 
carried out in the acute setting. Complications occur in up to SO% of cases 
when ORIF is carried out before 5 days postinjUI)'. A delay of7 tu 21 days has 
been shown to significantly decrease compli.clliioDs. However, to delay fmmal 
ORIF without reestablishing anatomic length acutely can make reduction of 
the anatomic joint and metaphysis very difficult. Thcicforc most staged pro­
tocols involve some method of early reestablishment of length, making use 
of ligiiJllCiltotaxis for provisional rednction. This serves tu make fracture fix­
ation easier and speeds the rccovety of tbe soft tissues by dccrcasing the out­
ward pteSsure from underlying fracture fragments. 

Reestablishment of the length of the tibia and fibula should be aocomplilbed 
with the use of calcam:alttacti.on (10 lb), plaa:.mcnt of a spanning external fix­
ator (Fig. 26-S), plaling of the fibula, or a combination of these methods. 

FIG. 26-5 Simple spanning external ftxator. 
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When placillg ei.1hcr traction ar extmW fixation pins, care should be tabn to 
atay clear of anticipated incisions dlll1 will be needed during the filial. recon­
struction. Subsequently, the condition of the soft tissue is monitored while 
the extremity is elevaled. The appearance of a wriDidc sign sigllals a dcc:reue 
in swellmg and .ia a ~site before attempting defiDiti.vc fillation.liK:isions 
through blisters should be avoided unless they arc fully epithelialized. 

Once soft tissue swelling bas resolved, formal open reduction aad iDtema1 
fixation of the pilon fracture ia undertaken. Claasically, this followa these 
standml steps: 

1. ORlF of the fibula 
2. Anatomic reduction and stable fixation of the articular surt'uc 
3. Reduction md fixation of the arlic:ular segment to the metaphyseaVdia-

physeal. segment 
4. Bone grafting the metaphyseal defect 

Reduction of the fibula should reestablish the proper fibular length. and the lig­
aments from the fibula to the lateral tibia pull the anterolateral fragment (Cha­
put's) and the posterolateral fragment (Volkmann's) distal to their anatomic 
position. The anatomically reduced Chaput's fragment serves as the stable 
keystone on which to reduce the subsequent articular fragments. 

Sargtcal~ 

The approach to fomud ORlF is diaated by the l'lactum lines.ID most cues, the 
fnlcame line exiting the tibia aomrlorly is emcred, allowing separation of the ad­
jaceut fmgmeDts and mluction of tbc dtpmised joint fl:agmcmts. Cme muat be 
taken, however, to ensure an adequate skin bridge of at least 7 em if two inci­
sions arc used, and soft tissue slripping should be minimized. cr SCUll arc very 
helpful in detamining where these fradme lines exist, and which approach will 
offer the best eJII)C)SlR Cor joint mlucti.oa. The traditicmal exposme is via the 
anmmmcdial approach, which is medial to the tendon of the tibialis anterior, 
just lldmll to the tibial ctest (Fig. 26-6). However, whm the :IIaduJe line exiling 
aoteriorly is more lateral, an antero1ateral. incision between the extensor digi­
torum and the pero~~eUS 1atiDs is ulilized. A pulllmomedial approad1 postaior 
to the ftcxordigitorum longus may be useful when ~here is a large postcromedia1. 

FIG. 26-6 Anteromedial pilon incision and posterolateral fibular incision. 
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FIG. 26·7 Postoperative radiographs following staged formal ORIF. The 
fibula was not plated In this case owing to the oondltlon of the local skin. 

fra&mcut. Last, a postcrolalmal. approach that exposes bod! the tibia and fibula 
by antfrior relnlction of the peroneal tendons, allowing plating of die fibula and 
r:eductim of the posterolatenl tibia tbrough the Sllllle iDciaim, c:aD be helpful. 

Once die ideal approach is detenniood, die operation is beat begun wilb plat­
ing of 1hc fibula if this has not yet been doue. Thm the IIIIicular surface is ~ 
conatruded through die ch011e11 approach. Pmvisiooal redaction is maintllined 
with KiDc.:Jmcrwinls IUid lag scmwa. The aiiicular sudace is tben seemed to the 
metaphyseal segment with a plate applied either anteriorly or medially, de­
peacling on the fraaUie pattem (Fig. 26-7). Implants of small-fnlgmcnt caliba 
are preferable to larg~fragm.ent implants. Jt is critical 111111 meclumical align­
IDellt and rotation be established. If a metaphyseal defect r:aults, it is grafted 
with cancellous bone or bon~graft substitute. 

Pen:utaaeoas PlatiDg 

Pereufaneous pl.aDng is a :relatively new technique fur treating pllon fractures. 
It is particularly useful in extraarticularf'rac:tures (Of A AI to A3) and simple 
complete articular &acture6 (Of A Cl).In this me1hod.1hc articular reduction 
is obtained via closed or pereui3DeOUS mluction and fixation. The articular seg­
ment is then placed ill 1hc correct orielltation in relation to the proximal b'bia 
and secured by an antm>medial plale that is passed subcutaneously UDder the 
skin, just snperfi.cial to tbe periosteum of tbe tibia (Fig. 26-8). Screws are plal:ed 
proximai.IUid distal to the f'ncture. which is being held in proper aHgnment as 
confirmed by fluoroscopy. In most cases. die accompanying fibular 1iacture is 
also phad. Soft tissue swclliDg must still be sufficicndy diminished prior to 
proceed:ing. 'I'his tedmique lw die advantage of allowing early aDk1e motion 
and avoiding large incisions that may break down. The disadvantages are that 
reductioD must be obtained indirectly, without visua1iziDg the metaphyseal por­
tion of the fiacture. Therefore the surgeon must be comfortable with indim:t ~ 
ductiOD techniques and assesaing the reduction rad.iographica11y. 

TREAT-NT DECISIONS 

'I'realmeDt decisicma in pllon fnK:tures depcud OII.IDilD)' variables, im:luding the 
osseou injury, soft tissue swelling, die patient's general medical and BOcial sta­
tus, and tbe surgeon's experience in treating these fractures. The method of 
treatment ahould be decided on a cue-by-cue basis. Early resulta of O:RIF 
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FIG • .26-8 Postoperative radiograph and surgical incisions following percu­
taneous plating. 

were good in the low-euc:rgy injuries far which they wee fiJ:st described. When 
thc8e methods were applied to higher-energy injuries, the complication rate 
increaaed aDd the good results decreased. This has led to an evolution of treat­
ment tbat now include& the I'IIDgC of melbods described above. Regardless af 

the melhod c:hoseD, aueful. evaluati.oD of the soft liSBliC envelope aDd dwught­
ful preoperative planning are important. If the fracture ia tbree or four large 
fragmeuts, the soft tissue swelliDg is miDima1, and the patient has no medical 
risk, fonnal ORIF is an excellent option. If the fracture ia in many small frag­
ments, the soft tissue injury is severe, or the patient has significant risk fee­
tom, a more CODSelYidive approach af extemal. fixation with limited ORIF ill of­
tea. a better choice. &tanal filiation with limited intmuil. fiutioD has a muc:h 
lower rate af the severe complications that can lead to significant morbidity or 
even ampu.tation. Cases in which an accepeable recluc:tion can be obtaiDed with 
closed or limited open methods may be amenable to a percutaneoua plating 
technique, which can avoid some of the disadvantages of extmuil. fixation. 

Postepaatlve Maalgement 

Regardless af the I:IeatmeD1 method chosen, postopelative management m\18t 
foc:ns on edema control. wound heaJin& aod early motion when possible. The 
patient should be immobilized in a bulky postoperative splint aod avoid 
weight bearing. Promction should continne with a cam walker boot, splint, or 
abort leg cast once the wound has healed. Paliems with eDcmalfixalors should 
be instructed on proper pin care and .methoda to avoid eqninns contracture of 
the ankle. Palients are maintained wi.lhout weight beaiing on the involved ex­
tremity until early fracame healing in the form of bridging callus is appareDt on 
radiogmphs. Most surgeons will not allow full weight bearing on articular 
fractures for 11 weeks. 

CompUcatloas 

Wound BrealaWwnlblfoction 

Aldlougb quim common in earlier reported saies, the incidence of Ibis com­
plication has significantly decreased with staged protocols. Rams of deep in­
fection range from 0 to S%. Slightly higber rates of illfection are seen with 
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ORIF than with external fixation and limited internal fixation. Skin slough or 
superficial infections are somewhat more common but can be treated with oral 
antibiotics in almost all cases, with subsequent resolution. These infections 
should be treated aggressively to avoid a deeper osseous infection. Pin-tract 
infections occur in 10 to 20% of cases in recently reported series, usually re­
solving with oral antibiotics. Loss of soft tissue coverage may result in the 
need for skin grafts or free muscle flaps. Amputation is a last resort in severe 
infections. 

Malunion and Nonunion 

Nonunion rates of 5 to 8% have been reported regardless of treatment method. 
Higher-energy injuries show relatively higher rates. Malunion of the articular 
surface is dependent on the mode of fixation. Anatomic reduction has been re­
ported in 58 to 86% of ORIF cases in contrast to external fixation, where 
anatomic reduction was found in 25 to 57%. Malalignment of the distal tibia 
is found in 4 to 25% of cases, with a higher percentage seen when plating of 
the fibula was not done. 

Arthrosis 

Rates of arthrosis, which usually occurs in the first 2 years after injury, range 
from 12 to 100%. The quality of reduction influences development of degen­
erative changes. However, even with anatomic reduction, arthritis develops 
in 12% of cases. These results may be due to irreversible articular damage that 
occurs during the initial injury, which cannot be restored even with anatomic 
reduction. Although arthrosis of the tibiotalar joint is common after pilon frac­
ture, clinical results show only a weak correlation with radiographic arthro­
sis. These results suggest that even if arthrosis is present radiographically, 
the patient may not require further intervention. Therefore there is little if 
any role for immediate or early arthrodesis. 

Joint Ankylosis 

Decreased motion of the ankle and subtalar joint is common and, in long­
term follow-up, appears to be uoaffected by the type of treatmeot. Nearly all 
cases result in some loss of motion in both the tibiotalar and subtalar joints. 
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27 Fractures and Injuries 
of the Foot 
Eries M. Kanlic Miguel A. Pirela-Cruz 

This chapter reviews injuries of the foot (i.e., distal to the ankle joint). Injuries 
of the foot are classified according to the mechanism of injury (indirect, direct, 
or due to repetitive stress) and to the involved anatomic zone and specific 
bone. 

The foot is divided into the hindfoot, consisting of the Achilles tendon, 
talus, and calcaneus; the midfoot, consisting of the tarsal navicular, three 
cuneiforms, and cuboid; and the forefoot, consisting of the five metatarsals 
and corresponding phalanges. 

HINDFOOT INJURIES 

The hindfoot converts rotatory tibial forces into foot pronation. The calca­
neus is an important lever arm and vertical support during the gait and an im­
portant horizontal support of the lateral column during the stance phase. 

TALUS 

Anatomy and Biomechanics 

The talus is unique in that no muscles insert on it, 60% of its surface is cov­
ered with articular cartilage, and its vascular supply is tenuous. The posterior 
tibial artery gives off branches going through the posterior capsule, deltoid. 
and sinus tarsi roof. The tibialis anterior gives off arterial branches that enter 
the superior neck and branch to the sinus tarsi. The peroneal artery provides 
branches to the posterior and lateral aspects of the body. They anastomose in 
the tarsal canal inferior to the talar neck. The major blood supply enters the 
talus posterior to the neck. and isolated neck fractures do not necessarily lead 
to avascular necrosis of the talar body. 

Fractures of the neck of the talus are the most common talar fracture and 
are classified into four types (Fig. 27-1). Type I is undisplaced. Type IT is dis­
placed with subluxation or dislocation of the talocalcaneal articulation. Type 
ill is displaced with a talocalcaneal and a talotibial dislocation. Type IV is a 
type ill fracture with a dislocation of the head of the talus from the talonavic­
ular joint (rare). The incidence of avascular necrosis and nonunion increases 
from approximately 0 to 13% in type I fractures to 100% in type ill and IV 
fractures, even with early accurate reduction and stable fixation. 

Some 15 to 20% of talar fractures involve only the ta1ar body. Without an 
associated subtalar dislocation, the incidence of avascular necrosis is 25%. 
With an associated subtalar dislocation, the incidence of avascular necrosis is 
approximately 50%. 

Fractures of the head of the talus comprise 5 to 10% of all talar fractures 
and frequently represent an injury of Chopart's joint 

Fractures of the lateral process are the second most common type of talar 
fracture. They are caused by hyperextension of the supinated foot and are 
nondisplaced. 

386 
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Type I w Type II w Type Ill 

~~~ 
FIG. 27-1 Hawkins classification of talar neck fractures. 

08teoehoDdral rraetures involve 1he lateral side of the talar dome and are 
usually trllllmatic in origin. They are associated with 0.9 to 6.5~ of acute an­
kle spmins. Similar lesiom 011 the medial. aide may be degeDCJati.ve in origiD. 

Dlagno&fa aadlaltlal Maaagemeat 

History tmd Physical Emminalion 

There is pain distal to 1he aoJde in the hindfoot. 'l'heJe ia obvious deformity 
in cues oftalocah;aneal dialocati.ou. Open wounds and skiD tented over bone. 
which put the patient at risk for preaaure necrosis, are noted. The neurovas­
cular staiUI distal to the ~my ill assessed. 

Di~Jgnomc M~MUrt!l 

Anteroposterior, lateral, and modified anteroposterior x-rays (described by 
Canale and Kelly, with lS degieea of foot inversi011 and the x-my beam aim­
ing cranial at an angle of 7S degrees) are adequale to evaluate fractures of the 
talar meek and body and talocal.caDHI dislocati.ou. Lateral process fmama are 
best seen 011 a mortise view with foot in plantarflexion. Computed tomography 
(CI) should be obtained whenever poslli.ble in order to evaluate better the 
presence of comminuti011 and lateral and posterior process fracturea. The prea­
ence of ostcochondnl fnlgmenu in1he talocalcaneal articulation and carti­
lage quality are best determined by magnetic reiiODllllCe imaging (MRI). 

The eadi.est sigos of avascular necrosis are radiographic. The Hawkins sign 
is the appearance of a Iadiolucent line below the subchondral bone of the ta­
lE dome. Thill sign is best seen on a mortise view and appean between 6 and 
8 weeks after injury. The Hawkins sign is clue to resorption of subchondral 
bone, md its pmsence .indicates the preservation of the main blood supply; 
ita absence, however, does not necessarily mean that avascular necrosis will 
occur. Diffuse sclerosis of the talar body after 3 to 6 months ill a more posi­
tive predictor of avascular necrosis. MRI ia helpful where there ia no hardware 
or if titallium imphmta have been used. 

Initial MQIIQgentent 

Fractures without significant displacement and wilhout an 1111sociated dialoca­
ti011 are spl.iD.ted and iced. If~ ill displacement or a dialoca1ion, early re­
duction will lessen the riak of soft tissue necrot~is and possibly prevent fur­
thet vascular damap. 

Cloaecl reduction is llltmnpted in the emergency department. If UDSUCCellll­

ful, open reclucti.ou is indicated. Closed mhK:tion of talar DeCk fl:acWmJ wid1 
subtalar subluxation (type m is accomplished with the knee in flexion, relaxing 
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the gas1:rcx:nemiwl, gentle plmtarfleDon of the foot, aDd traction to the heel. 
SupiDlllion or pronation of the heel to i.o.crease the deformity aDd then tore­
verse it often helps reduction. When reduction has been accomplished, it is 
usually stable. The foot and ankle are then splinted with the ankle in a neutral 
position and iced. 

Open fractures are trealed in the operating room 1111 soon 1111 possible with 
il:rigldion and debridemem, reducti.oa, 1111d fixation tailored to the amount of 
soft tissue injuey. Minimally damaged soft tissues allow for treatment u in 
closed iDjuriea (including plate fixation and primary bone grafting). When 
there are soft tiaauc dcfectl, the wound muat be left open ("vacuum" dress­
ings), with extmlal filudion aDd additiODal pl.utic recomlluctive procedmes. 

AsiOdatecllo,Jurlu 

~ oftheheadofthetalua indicates iDjuly to the Chopartjoint; ~ 
the calcaneocuboid joint must also be examined. 

Neurovaacular injmies are rare even iD cases whem the talar body was ex­
pulsed postemmedially and are rulecl out with a careftd examination. 

Defimthe .Maaagemeat 

NOild.lsplaced fradura (type I, confirmed by CI') are managed nonopera­
tively with a non-weight-bearing short leg caat until the f'racture heals. umally 
6 to 10 weeb. Radi.ognpbs obtained weekly for the W:st 3 weeb detemJiDe 
whether displacement of the fragments bas oc:cum:d. 

Dllplaced tractura (types D 1D IV) are .lllllll.1lPd with open mlw:tion lDid iD­
temalfixalion(Fig. 27-2). Varw~malnrriondueto ~onthemediahide 
because of comminution will lead to sbarteDing of the medial arch and vws de­
formity of the hiDdfoot; tbis will cause weight bearing mostly on the lamral 
side of the foot, with cousequeD1 foot pain aDd local callosities. That is why .it 

FIG. 27-2 Talarfractures and their treatment. A Hawkins type II fracture with 
a displaced fracture of the talar neck and subtalar subluxation. B. Hawkins type 
Ill fracture with comminution and a large extruded fragment. C. Posterolateral­
anteromedlal parallel screws provide the best compression and excellent fixa­
tion. D. Medial displacement of the talar head and neck fragment. E. A lag 
screw provides lnterfragmentary compression and a medial buttress plate 
serves to prevent medial displacement. 
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is important to recognize varus deformity by preoperative CT scan and to obtain 
anatomic reduction at surgety and reliable fixation (plate) (Fig. 27-W and E). 

The lateral side of the neck has harder bone and usually less comminution; 
therefore an anterolateral approach will allow for easier reduction and screw 
placement. Also, it is possible to remove bone debris from the subtal.ar joint 
through this approach. 

An anteromedial incision is used for screw placement, or, if comminution is 
severe, for placement of a miniplate and bone grafting. 

A posterolateral incision will allow for the best biomechanical screw place­
ment, particularly if 4.0-m.m cannulated screws are inserted perpendicular to 
the fracture plane and parallel to the long talar axis after the reduction is first 
obtained through the anterior approach (Fig. 27-2C). The screws are counter­
sunk to minimize impingement Postoperatively, no weight bearing is allowed 
until the fracture has healed, or for at least 10 weeks. If the soft tissues are in 
good condition and fixation is stable, early motion will improve function and 
cartilage nutrition. 

Displaced fractures of the ta1ar body are managed with open reduction 
and internal fixation. Exposure is through the fracture site or osteotomy of 
the medial malleolus; vessels entering the talus through the deltoid ligament 
must be spared. The fracture is reduced and stabilized with Kirschner wires 
and headless or conventional screws. The fixation device should not penetrate 
the subchondral bone and project into the ankle joint; if this is recognized post­
operatively, the device should be withdrawn sufficiently to prevent damage of 
the articular cartilage and the development of degenerative arthritis. If fixation 
is tenuous, an external :fixator with pins in the tibia and calcaneus should be 
used in order to neutralize stresses across the fracture site. 

Postoperatively, there is no weight bearing until healing occurs, or for at 
least 10 weeks. In most cases, immobilization should not be necessary beyond 
postoperative splinting, as fixation must be stable. 

Undisplaced talar head fractures are managed in a non-weight-bearing 
short leg cast for 6 weeks and with an arch support for an additional 3 to 
6 months. Unstable, large fragments are managed with open reduction and fix­
ation with screws or Kirschner wires and absorbable pins. An external fixator 
with pins in the calcaneus and the first metatarsal should protect fixation. Frag­
ments of the talar head smaller than 30% of its diameter are excised. If the 
joint is unstable, primary talonavicular arthrodesis should be considered. 

Fractures of the lateral process of the talus are often unrecognized. The 
diagnosis should be considered in patients with a chronic lateral ankle sprain 
and is made by CT scan. Fractures extending into the subtalar joint will cause 
posttraumatic arthritis if left untreated. Larger fragments are fixed with 
screws, and smaller fragments, if symptomatic, are excised. 

Fractures of the posterior process should be distinguished from a symp­
tomatic os trigonum, usually confirmed by CT. Forced plantarflexion causes 
posterior pain; if splinting and the avoidance of weight bearing does not help, 
excision often does. 

Undisplaced osteochondral fractures of the tal.ar dome diagnosed by MRI 
are managed with a non-weight-bearing short leg cast for 6 weeks. When con­
servative management fails or if the fragments are displaced, surgery is indi­
cated. Lateral osteochondral fractures are located anteriorly on the tal.ar dome 
and are exposed through an anterolateral approach. Osteotomy of the medial 
malleolus is required to expose medial osteochondral fractures. Small fragments 
are excised (Fig. 27-3). Large fragments are internally :fixed after curettage 
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FIG 27-3. Talar osteochondral fragment. A. Lateral radiograph showing the 
fragment (a"ow}. B. CT scan shows a small fragment, which can be excised. 

aDd drilliDg oflheir bed. Postoperatively, avoi.dalwc of weigbl beaiiDI is main­
tained until healing bas been demonstrated radiographically . .Almmatively, 
these injuries can be approtehed ~any. 

Complk:atlou 

Complications of ti:actuRs of the talus an: avascular necrosis, nonunion. aDd 
posttraumatic arthritis. 

A'¥111CUlar Deerlllls of the body of the tlllna iB the complication that occurs 
following fractures and d.Wocations of 1he talus. It is most likely to occur fol­
lowing a diapW:ed fi:acture of the talar neck or body.lf subchondral resmption 
in the talat dome does not appear on radiographs (negative Hawkins sign} 
after 6 weeb, avuc:ular necrosis is suapected. Diffuse sclerosis of talar body 
on radiographs 3 to 6 momhs after the injury confirms the diagllosis. Patients 
are allowed to bear weight after the fracture heals at 10 to 16 weeb. The 
revascularization process can take up to 3 years, and prol.oDged avoidance of 
weight bearing baa not proven to make a significant difference in outoome. 
Slow collapse of the talar body and development of the posUrauamic arthritis 
an: ac:compmied by significant pain with weight bearing. Talocrural. ~ 
ais is a definitive procedme that will give signiDcant relief of pain and improve 
ambulation, allhough 1 to 2 in. of shortening usually occurs due to raection of 
the neaotic talar bone. 

Posttraumatic uGuitis of the subtalar joint ia yet another complication 
of talar fractures. Patient$ complain of pain wi.dl walking on uneven ground. 
PaiD on supination-inversion and prcmation-cvasion of the subtalar joint and 
a deaeased range of motion are usually diagnostic. The diagnosis is confirmed 
by CI'.It ia important to identify accurately the symptoDilllic joints by selec­
tive injections of local anesthetic, as the talonavicular and cal.caneocuboid 
joints can also be involved. Initial management is conservative, with anti­
inflammatory medications and local injections of steroids. If this fails, sabta· 
Jar arthroclesia ia indicated. Triple ll1'tllredesis is mcommended if the cal­
~ cuboid and talonavicular joints are involved. If 1he ankle and subtalar 
joints an: involved, putalar arthrodesis may be DeCelll&l)'. R.etrograde nail­
ing of both joints by inserting an intramedullary nail from the calcaneus 
through the talua aDd into the ta"bia is a BUJgk:a1 opti011. 

Varu malualon is reported as a frequent complication due to an ina.ck­
quatc mlw:tion and stabilization in malposition. 
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The rate of delayed union and nonunion after talar neck fractures is about 
10%. Management is by a revision of the internal fixation and grafting with 
autogenous cancellous bone. 

SUBTALAR DISWCATION 

The term subtalar dislocation denotes dislocation of both the talocalcaneal 
and talonavicular articulations. 

Anatomy 

The subtalar joint has four articulations: three between the anterior middle 
and posterior facets of the calcaneus and talus and one between the head of the 
talus and navicular. These articulations function as one multiaxialjoint. Forty 
degrees of supination and pronation occur through the subtalar joint. The an­
kle and subtalar joints function together as a wriversal joint, with 45 degrees 
of dorsi- and plantarflexion. 

Classification 

Subtalar dislocations are classified according to the position of the forefoot 
in relation to the talus and whether there is an associated dislocation of the 
tibiotalar joint. The types of subtalar dislocation commonly encountered are 
medial, lateral, and pantalar. Medial dislocation is by far the most common 
type of dislocation (85%) snd is caused by forefoot supination. Lateral subta­
lar dislocation is less (15%) frequent and is the result of forefoot pronation. 
Lateral dislocations are the result of greater force and have a worse prognosis 
than medial dislocations. Pantalar dislocations are most frequently a medial 
subtalar dislocation associated with a tibiotalar dislocation. They have a poor 
prognosis because of the high incidence of avascular necrosis and associated 
soft tissue injury. 

DiagniNiil and IniUal Management 

History and Physical Examination 

The patient has pain localized to the foot. Deformity of the foot is obvious. 
The foot appears shortened and is in equinus, and the ta1ar head is prominent. 
Medial dislocatious have the calcsneus lyiug medial to the talus snd the talar 
head is prominent dorsolaterally. In lateral dislocations, the calcaneus is lateral 
and the talar head is prominent medially. Some 10 to 40% of subtalar dislo­
cations are open; injuries of posterior tibial nerve and artery are possible. 

Radiographic Examination 

The diagnosis of subtalar dislocation is obvious radiographically. Anteropos­
terior (most important), lateral, and oblique radiographs of the foot are ob­
tained (Fig. 27-4). Other radiographic views and studies are not necessary to 
make the diagnosis. After closed reduction, coronal CT of the talocalcaneal 
joint determines the presence of osteochondral fragments in the joint and the 
congruity of reduction. 

Initial Management 

Once a subtalar dislocation has been diagnosed, reduction is performed as 
quickly as possible to minimize the incidence of skin necrosis. The reduction 
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FIG. 27·4 Medial subtalar dislocation. A. Initial radiograph. 8. Anatomic 
reduction following closed reduction. 

maneuver is uial traction and defonnity accenmati.on followed by revenal. In 
additiou, 1he bead of the talus is Jdocatcd with digital pn~~s~. Some subta­
lar dislocationa cannot be reduced by closed meiiDB. Repeated forceful at­
tempts at closed reducti.ou m: not indicateclmd may jeopmlize the viability 
of the skin over the head of the talus. If reduction is accomplished, a weD­
padded splint is applied wi1h 1he llllkl.e in a neutml. poaitioa. 

AsiOdatecllo,Jurlu 

Fracture of the neck of the talus and intraarticular osteochcmdml fractures of 
the talus and calcaDeus are frequently associated with subtalar dialocatioDS. 
Talar neck fractures m: ruled out by assessment of the lateral mdiograph of the 
foot. The presence of intraarticular osteochondral fragments is determined 
with coronal cr through the talocalcaneal articulation. 

De&dtlve .llfaugemeat 

The goal of JDIIILB8emml is a ccmgmous reduction. If this is obtained with closed 
reduction aod 1he skin is viable, a short leg cast is applied. The patimt is main­
tained without wcighl bearing for 4 weeb. Skin llfCl08ill precludes c:astiog. 

Incases whee ac::lmedreduction CllDDOt be~ opmreductiou is 
pedormed. The moat common obstacle to rOOuc:tion of medial disloc:ations is 
"buttoDboling'' oflhetalarlad lhrougbsoft tissue anteriorly (tbe extemorreti­
naculum, exteuor digitornm brevis, talonavicular ligament, md joint cap­
sule). The most <lWDIIlOI1 cauae of il:mJocible lataal. dislocaliou is displacemeut 
oflhe posterior tibial mndon i.nferior to dtc neck of the talus. Occasiooall.y, fnc... 
tllml of tbc head of 1he talus or intaposed osteoc:holllkal.1iagmelll8 may bloc:k 
reduction. The surgical expo1111e for open reduction is through a l.ongitudiDal 
s.kiD inc::iaim over the head of 1he talus. Interposed soft tissue is idmtified and 
incised or retracted, and osteochondral fragments are removed. If the poste­
rior tibial teudon is distupted, it is rc:paiied after reduction. The joint is then 
inhe:rently stable. The foot is immobilized in a abort leg c:ast, and weight bear­
ing is avoided for 4 w=b. If the injury is open, m extamdfixator is used in 
pl.ace of a cast 

In cases of open pma1ar dislocatioD, if 1he WOUDd is nothigbly amhmrinated, 
the taluslhould be put back and fixed to the tibia and navicular. Another op­
tion is to do a );aimaly libiocak:aDea1 fusion usmg an iDJDmedullaly nail 
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Complications 

Lateral and open dislocations (high-energy injuries) have poor outcomes. The 
complications of subtalar dislocations are infection secondary to skin necro­
sis or an open injury, subtalar arthritis, and avascular necrosis (total disloca­
tions of talus). 

ACHILLES TENDON INJURIES 

The Achilles tendon (tendo calcaneus) is the largest tendon in the body. It is 
formed by union of the gastrocnemius aponeurosis and the tendon of the soleus 
muscle in the middle of the calf and extends about 15 em distally to its insertion 
into the middle of the calcaneal tuberosity. The calcaneal bursa is located be­
tween the tendon and the upper surface of the tuberosity. It does not have a true 
synovial sheath; instead, there is a paratenon that permits about 1.5 em of ten­
don glide. The blood supply 10 the bmdon is provided by many branches; these 
penetrate the paratenon, particularly anteriorly. Decrease in the number of these 
branches with age and repeated microttauma can lead to degenerative and in­
flammatory changes in the tendon, most pronounced at about 4 to 6 em above 
the insertion. where the tendon is most vulnerable to mpture. 

Classification 

Disruption of the Achilles tendon can be caused by a laceration (direct injury). 
Direct injuries can affect adjacent tendons, the tibial or sural nerve, or the pos­
terior tibial artery. Indirect injuries occur from activities requiring a vigorous 
push-off of the foot and are not associated with other injuries. 

Diagnosis and IniUal Management 

History and Physical Examination 

The diagnosis of an injury of the Achilles tendon usually includes a history 
of a sudden snap in the back of the leg, commonly associated with forceful 
plantarflexion of the foot and ankle. In addition to local tenderness, there is 
often a palpable gap in the tendon and a positive Thompson-Doherty calf 
squeeze test. In the Thompson-Doherty calf squeeze test, the patient is prone 
with the knee flexed and the examiner squeezes the calf muscle above the area 
of injury and tenderness. Plantarflexion of the foot occurs if the tendon is in 
continuity. If the tendon is mptured, there is no response. 

Racllograpblc Examination 

Radiographic examination has little to offer, though an MRI can be diagnos­
tic in situations where the physical findings are difficult to interpret. 

De.finitive Management 

The treatment of acute Achilles tendon mpture is controversial, because ex­
cell.ent results have been reported using only cast immobilization and also by 
those who favor surgical repair. Since surgical repair is not difficult and pro­
vides for more exact approximation of the tendon ends, it is the treatment of 
choice. Percutaneous repair as described by Mann et al. and cast treatment in 
equinus are other options. There is a 20% risk of rerupture with cast treatment, 
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and in those patients in whom permanent tendon healing occurs, the recovery 
of plantarfiexion strength may be incomplete. 

Operative Procedure 

The patient is operated on in the prone position with general anesthesia and a 
thigh tourniquet. The Achilles tendon is exposed by a longitudinal curvilin­
ear incision placed on the posteromedial aspect of the leg over the site of in­
jury. The skin and subcutaneous tissues are opened, the peritenoneum incised, 
and the site of tendon rupture exposed. The tendon disruption is mop-ended 
and the repair carried out with a heavy 5-m.m polyester suture passed trans­
versely through the tendon approximately 3 em proximal to the disruption. 
The suture is then looped proximal to the transverse limb and distally out the 
tom tendon end. A similar suture is placed in the distal portion of the tendon. 
A whip stitch can also be used. The torn surfaces are then pulled together and 
the suture ends tied. The ragged edges of the tendon are then brought into ap­
proximation with a few interrupted 2-0 chromic sutures. The peritenoneum is 
closed using 4-0 chromic sutures and the subcutaneous tissue with subcuticu­
lar stitches. Careful handling of the soft tissues is important so as to prevent 
complications. When the tendon rupture is near the insertion, the suture ma­
terial may be passed through the proximal portion of the tendon and then 
through a transverse drill hole in the calcaneus. A short leg cast is applied with 
the foot in 20 degrees of plantarflexion for 3 weeks; then the leg is casted 
with the ankle at a right angle for an additional4 to 6 weeks. On removal of 
the cast, the patient is placed in a double upright ankle-foot orthosis (AFO) 
with 90 degrees of dorsiflexion stop to prevent any accidental reinjury. 

ComplicatloiU 

Complications of Achilles tendon rupture are rerupture, infection, and calf 
weakness. The risk of rerupture and calf weakness are greater with nonopera­
tive treatment. The risk of skin necrosis and infection is greater with surgical 
treatment. Surgical complications are more frequent after the use of pull-out su­
ture techniques and when avascular grafts are used to supplement the surgical 
repair. Should sinus formation and infection occur, nonabsorbable suture ma­
terial will have to be removed in order to achieve wound healing. Patients with 
a history of local steroid injection, systemic steroid use, diabetes, peripheral 
vascular disease, and unsatisfactory local skin conditions have an increased 
incidence of complications after surgical repair. 

Rerupture of the tendon usually occurs 1 to 2 weeks after cast immobiliza­
tion is discontinued and is treated by another surgical repair. 

Should skin necrosis occur, early debridement of necrotic tissue is important 
to prevent a deep infection of the tendon repair itself. Following debridement, 
the wound is left open; a wound V AC (Kinetic Concepts, San Antonio, TX) 
may be used to achieve closure. Adhesions of the tendon repair to the skin 
may be related to inadequate repair of the peritenoneum and subcutaneous tis­
sues. 

CALCANEUS 

The superior aspect of the calcaneus has three facets that articulate with the 
talus. The posterior facet is the largest, and preservation of congruity and in­
terrelationship of all three facets is crucial for long-lasting function. The talo­
calcaneal ligament runs from the superior surface of the calcaneus to the in-
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faior sud'~K:e of 1he talus. It lies m the sinus tmsi and is the priDwy stabiliza' 
of the talocalcaneal artic:nlation. The sustentaculum tllli is on the medial aide 
of the calcaneus. 011 its superior aspect is the middle Cuet. and on its inferior 
surface is the groove for the tendon of the flexor hallucis longus. Anterolater­
ally, the calamcus articulates with the cuboid. 

The posterior portion of the body of the cak:aneus is the tuberosity that 
serves for insertion of the AdWl.es tendon. The pl.aDtat fascia aDd the small 
muscles of the foot origioate from the plantar mrface of the calcaoeus. The an­
terior process is the origin of 1hc bifun:ate l.igammt, whkh IUDS to the cuboi.d 
aDd navic::ular, stablliziDg the midfoot. 

Clalll&&tloa 
Fractures of1he calcaneus 11M broadly classified as intraarticular (7S~) or 
extraarticutar (25~ ). lntraarticnlar fradures involve the posterior facet. Bx­
tiaarticular fractures involve the tuberosity, susteu1aculum tali, and anterior 
process. In addition to being fractured, the calcaneus is occasionally dislocated. 

I:Dtrurtkular fractures of the cakaneus are caused by axialloacting of 
the talus, which is driven into the calcaneus. The talus acts as a wedge, pro­
ducing the primary fracture. This fradure is in the sagiual plane, starting at 
the anterolamral wallarui continuing posteriorly and medially 1hmugh the pos­
taior facet to lhc medial wall of the calcaDeUS. The primaiy fi:admc divides the 
calcaneus into an anterior medial half and a posterior l.aferal half. If the force 
of the axial load is not dissipated. the impact of the talus produces a compm~­
sion fractme of dle l.atmal portion of the posterior ~t. There are variations 
of Ibis basic fractuie patl.ml due to the positi011. of dlc foot (e.g., supination of 
the foot me4iaUres the primary fracture, pronation lamralizes it, plantadlt;xion 
r:esul1S iDa ~type fractuie, aDd doniflexion Iesulta iDa joint dcpieasion 
fradure (Pig. 27-S). 

The thmlpculicall.y aDd progiW!IIically .111011t useful classification is based on 
CT evalua!ion of posterior l'aa!t ID..-olftmeat, as descnDed by Sanden aDd 
coauthom (Fig 27-6). flnK:tums are grouped into nondispl!K:Cd, type I (non­
operative treatment); displaced (types n and m. two and thiCe fragments, re­
coutruction possible); and CCliDDiinutcd (type IV, four or more frapleniS). 
BxceUent aDd good results after surgical repair occ:urred in 73 and 701J, for 
types II and m, and mly m 99& for type IV fracluml. 

EDraartlmlar l'ractans of the calcaneus are caused by axial. loading or by 
the avulsion of bony iDSertions and origins of ligaments and teDdou.llolatcd 
fradures of the tuberosity of the calcaoeus are caused by direct impad or avul­
si.Oil of the tendo-.Adillles inscrtioa. Fmctures due to diiCct impact are mini­
mally displace4; the plane of the fracture is sagittal. Avulsion fractures of the 

FIG. 27-5 Calcaneal fractures. A Tongue type. 8. Depression type. 
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FIG. 27·8 Primary fracture lines across the posterior facet of 1he calcaneus 
(Sanders). 

Al:hillcs 1:eDdon me diBplaced; lhe phme of tile fractuie is halizontal, and this 
injury occun mainly in oateopomtic bone. 

Fractures of the sustentaculum tali are caused by the medial slide of the 
talus impacting the sustentaculum during axial loading of a supinated foot. 
Amerior process :fnctuiea iD liD avullliou of the origin of the bifliicatcliga­
ment ca118Cd by forefoot adduction md inversion. Dialoc:ations of the calca­
neus are extmoely rme. The:te is usually a fnlctme of the cak:aueus or cuboi.d 
at the calcaDeOCIJboid articulatiou. 

Dlagnoafa aadlaltlal Jlaalgemnt 

History and Phy.tkdl Emminlllion 

'I'bere is a history of an impact ofmn caused by a fall or a twisting injury. Pain 
ia localizecl to the hiDdf'oot. When the foot ia seen shmdy after injuly, prior to 
diffuse swelling. the exad location of the fracture can be detennilu:d by gentle 
palpaliou. Fmclure of the susteDiaculum tali ia indicated by painful passive mo­
tion of the great toe (the ftemr hallucis longus mns beueath the susmntaculum). 
An avulsion fiacture of the kmdo-.Adlillcs ia indil:ated by wealmas ofplmdar­
ftexion of the llllkle.Loss ofplaDtar.fle.Don is not complete became the penmea1. 
aDd postcdor tibial muscles me intact 

Wfograpble Epmlutloa 

The mcliographh: projcctioDS helpful in the evaluation of calcaneal fl:actums me 
the lmeJal, oblique, axial. and Broden views. The lateral proJeedon is the most 
helpful and is diagnostic of pcllllerlor flwet clepressiou md tuberosity avul&iou. 
The Btihler tuber aogle (Fig. 27-7), and the cmcial angle of Gissane, which 
indicate the extem of displ.acemcnt and qubdiou. me detenlliDed on tbe lat­
eral view. The loss of parallelWn of the articular surface of the posterior fuel 
of the ca1cancus and of dlc talus ia also cletc.rmUlcd on lhc lalmll view. 

The obUqu ...tew is useful to assess the presem:e of a fracture of the ante­
rior process oflhc calcaDcus and to dctaminc wbclhcr lhcre is involvcmmt of 
the calcaneal cuboid artU:ulation. 

The uia1 Yiew, or Hmia, or jumper's view, is obtained by placing the foot 
on the cassette with the ankle dorsiflexed and the tube directed 30 degrees 
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FIG. 27·7 BOhler tuber angle. A. In a normal calcaneus, the angle varies 
between 25 and 40 degrees. B. In a calcaneus with a depressed poaterlor 
facet, the angle is less than 25 degrees. The lines are drawn from the top of 
the anterior process to the highest point on the posterior facet, then to the top 
of the calcaneal tuberosity. 

proJiimally. Tbe axial view is useful iD evaluating the tuberosity, the susten­
taculum tali, and axial sborteDing. 

The Broden l'fews are used to assess lhe posterior aDd middle facets. For 
theae views, latmal ndiognphs are obtained. with the foot passively dorsi· 
flexed, supjDatcd, md i.ntemall.y rotated, while the beam is centered on the 
ainus tarBi. from different angles. 

H the patient is amive lllld healthy, iD order to assess fully the injury llllll 
indication for surgery, it is nece&sary to obtain a cr scan. Semicoronal. cr at 
30 degt:ee~~ (gaD1Iy pezpeudicular to inferior talar mi.culldion) wiD allow for 
evaluation of the posterior calcaneal facet (position and number of fracture 
lines) lllld integrity ofdle tubmlsity (Fig. 27-BA). 

Axial scaoa in the plane of the foot will present the position oftbe tuberosity, 
a~ l.cx:alion on medial wall. C.101111Dinution lllld shorteDiDg, as weD. as the 
81l8tmtaculum tali, anterior calC~~~~eUS, and cak:aneocuboid joint (Fig 27-SB). 

This information is necessary for preoperative surgical plallning. 

IDIIfa1 )ftnagemnt 

Jnilially a spllitt is applied. kc and el.evalicm. wiD help to Ieduce the swel.liDg. 

FIG. 27·8 CT scans of calcaneal fractures. A. Semicoronal view shows a 
comminuted three-fragment fracture of the posterior facet (Sanders Ill). B. Ax!al 
calcaneal view shows involvement of the calcaneocuboid joint, comminution 
of the body, and a longitudinal misalignment. 
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Associated Injuries 

Some 40% of calcaneal fractures incurred in a fall are associated with a frac­
ture of the lumbar spine, usually a stable compression fracture. Injuries of the 
medial and lateral plantar nerves result in decreased sensation on the plantar 
aspect of the foot. Compartment syndrome is suspected if there is massive 
swelling and severe pain not relieved by ice, elevation, and customary amounts 
of analgesics. 

Definitive Management 

Definitive management depends on the patient's medical condition and level 
of activity, the quality of soft tissue envelope, the type of calcaneus fracture 
(nondisplaced, displaced, or comminuted), and compliance. 

Patients with low activity levels and medical problems (neuropathy, insulin­
dependent diabetes, peripheral vascular disease, venous stasis or congestion, 
lymphedema, immune compromise, heavy smoking) have a high risk of wound 
healing problems and should not be treated operatively. Patients who develop 
surgery-related complications do much worse than those with the same type 
of injury without surgery. 

Intraarticular fractures of the calcaneus that are not significantly displaced 
(2-mm step-off, 3-mm diastases) are managed nonoperatively with no weight­
bearing for 4 weeks. Casting is counterproductive because it leads to stiff­
ness of the subtalar joint 

Absolute surgical indications are biologically young, compliant patient with 
fracture subluxation of the posterior facet, beak fractures (avulsion of cal­
caneal tuberosity), and open injuries. 

In selected patients, the management of displaced intraarticular fractures 
(Sanders types II and III) is operative. On the regular radiographs, displace­
ment is defined as loss of articular congruity of the posterior facet or at the cal­
caneal cuboid joint, loss of parallelism between the posterior facets of the 
calcaneus and talus, more than 4 mm of shortening of the tuberosity as seen on 
the axial projection, and a BOhler angle of 1 0 degrees or less. 

The surgical approach is through an extensile lateral incision. Surgery is 
delayed until swelling has decreased to the point that the skin on the dorsum 
of the foot wrinkles with ankle eversion (usually 10 to 14 days). The incision 
is in front of the Achilles tendon. It extends distally to the plantar skin where 
it turns 90 degrees and runs parallel with the plantar aspect of the foot. The in­
cision is carried down to the calcaneus. A flap that includes the sural nerve 
and peroneal tendons is raised, exposing the entire lateral calcaneus, including 
the calcaneocuboid articulation and the posterior facet. It is necessary to re­
create the lost space by reducing the tuberosity first (pulling it distally to ob­
tain the height, taking it out of varus and pushing it medially). The posterior 
facet is reduced and fixed to the usually intact sustentaculum tali with lag 
screws under direct visualization. Anterior fragments with calcaneocuboid joint 
surface are reduced if needed and attached to the posterior segments. The whole 
construct is held together with anatomic low-profile plates (Fig. 27-9A and B) 
and preferably locking screws. Bone-void fillers can improve stability in areas 
of major defects. Intraoperative x-ray control is necessary to assure accurate re­
ductions and hardware position (Fig. 27-9C). Open subtalar arthroscopy can 
provide better and faster verification of the quality of the reduction. 

Comminuted fractures, Sanders type IV (four or more pieces of posterior 
facet), in healthy individWils should be managed by primary subtalar arthrode-



'ZI I'RAC'TURE8 AIIIJ INoiURIIill Of lHE fOOl' 399 

FIG. 27-9 Surgical treatment. A. DepressiorHype calcaneal fracture with a 
BOhler angle of 4 degrees. 8. Reduced fracture that was fbced with an anatomic 
reconstruction-type Y plate. C. An intraoperative lateral radiograph shows a 
very comminuted fracture (Fig. 'ZT-8), reduced and In good alignment, and frac­
tures fixed with locking plates and screws. 

sis, whic:h ia .~~~me effective and teclmically easier to perform than later recon­
struction af ma.J.unimd bone and sear tissues. 

Occasicmally, toagu~type fractuies can be reduced and stabilized with tbe 
Essex-Lopresti pen:utaneous method (Fig. 27-10) by driving a large pin into 
the tongue fra&ment from posterior to anterior. The tongue 6aplent is then 

FIG. 27 ·1 0 Essex-Lopresti method of reduction and fixation of a tongue-type 
calcaneal fracture. A. Initial radiograph. 8. Kirschner wire Is Introduced In the 
tongue fragment and used as reduction tool. C. Fixation of subtalar joint and 
percutaneous pinning. 
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reduced under fluoroscopy by manipulating the pin, and the pin is advanced 
into the talus (or anterior/inferior fragments of calcaneus if possible), thereby 
stabilizing the fracture. This technique seldom results in anatomic reduction 
but is of use when the patient has risk factors for wound healing. 

Isolated fractures of the tuberosity caused by direct impact are almost 
always minimally displaced and are managed with avoidance of weight bear­
ing for 3 to 6 weeks. In the rare case of a displaced tuberosity fracture, the 
displaced fragment is on the medial side. The fracture is reduced and held in 
place with screws. 

Isolated fractures of the tuberosity caused by avulsion of the Achilles 
tendon are usoally displaced. They are exposed through a medial approach, re­
duced, and stabilized with a large cancellous screw and a washer. If reduc­
tion is difficult, proximal recession of the gastrocnemius muscle at the muscle­
tendon junction will make the reconstruction easier and more stable. 

Postoperatively, if the fixation is adequate, immobilization is not required; 
however, no weight bearing is maintained for 4 to 6 weeks. In the rare case 
in which there is minimal displacement, an acceptable alternative form of 
management is a short leg cast in slight equinus. Immobilization is continued 
for 6 weeks. Throughout this period, the fracture is followed radiographically. 
Displacement is an indication for open reduction and stabilization. 

Minimally displaced fractures of the sustentaculum tali are managed in a 
short leg weight-bearing cast for 4 to 6 weeks. Displaced fractures require a 
medial approach and fixation. 

Undisplaced fractures of the anterior process are managed in a short leg 
weight-bearing cast for 4 to 6 weeks. Displaced large fragments are managed 
with open reduction and fixation. Excision of the fragment is not indicated, as 
it is the origin of the bifurcate ligament. The fragment is usually small and fix­
ation may not be stable; therefore the foot is cast in a neutral position. In 
chronic situations, persistent pain, soft tissue reaction, and a small fragment are 
indications for excision. 

Dislocations of the calcaneus are managed in the same fashion as subtalar 
dislocations. An immediate closed reduction is performed. If this cannot be 
achieved, open reduction is indicated. After closed reduction, it is important to 
assess the talocalcaneal articulation for loose bodies; if present, these are re­
moved. The reduction is usually stable and fixation is not necessary. A short 
leg cast can be used for a few weeks. 

ComplicatioDJ 

Complications of fractures of the calcaneus are malunion, resulting in a 
widened heel and plantar fasciitis; subtalar arthritis; calcaneocuboid arthritis; 
and peroneal tendinitis. 

A widened heel and plantar fasciitis are managed conservatively. Foot­
wear is altered, and a heel cup may be necessary. Injections of local anes­
thetic and steroids may relieve symptoms. Rarely, excision of a spike of bone 
is indicated. 

Subtalar and calcaneocuboid arthritis is managed conservatively with 
anti-inflammatory medication and local corticosteroid injections. Arthrodesis 
is a last resort; the preferable method is subtalar arthrodesis with distraction 
and a wedge-block hone graft. 

Peroneal tendinitis is caused by impingement on the peroneal tendon 
sheath. Local injections of anesthetic and steroids may help; if not, the peroneal 
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sheath can be decom)Rssed by removing a portion of the displaced latmll 
wall of the c:alcBIICWI. 

INJURIES OF THE MIDFOOT 

Injuries of the mi.dfoot include fractures and dislocations of the navicnlar, 
Clllldfonn, and cuboid bones and d.i.sl.ocati.oas of the Cbopart jomL 

The talonavicular and calcaneocuboid joints form a functional transvene 
tarsaljoillt (ChopartjoiDt) (Fig. 27-11) tbat ia mobile during the foot's flat 
pit phase and locked (mvermd heel) during die toe-off pbase, al1Dwing for ef­
fective transfer of propulsive forces. Talonavicular and cuboidometatanal 
joints are more mobile than the rest of the midfoot and their fusion is to be 
avoided. If subtalar fusion is indicated, it should be doDe with the calcaneus 
slightly prcmated, providing for more 11exibility. 

The •'fkular artic:ulales with d1e bead oflbe talns and d1e lhme cuneifoiDl 
bones. The posterior tibial tendon inserts on the tnbe:rcle of the navicular, 
supporting the mediallcmgitudiDal. an:h. 

The bones of d1e foot form loDgltMIDal and CnDnene ardles. The longi­
tudiDai.IIII:h ia bigber medially dum lataall.y. 'l'be medial segmmt (talwi, Davio­
ular, cuneifomls, and first, second, and third metatarsals) is the dynamic por­
tion of the foot and flattens during weight bearing. The l.atmil. segment 
(calcaDeus, cuboid, and fourth and fifth metlllaruls) is 11acmr, more rigid, and 
am~acta lbe grouad fiDt dmiDg weigbt beamlg. 'Ibc 11answrse armis fonDed by 
the shape of 1he tarsals and bases of the metatarsals, which are broader on the 
dmsal than the plantar aspect, formiDg a stable ''RDman IIII:h.'' 'l'be bcmes of 
the foot are connected by fibrous struclllres (e.g., the plantar fascia), intrinsic 
muscles, and emiDaic muscles. 'l'be muscles and the tcDsioDed plmtar fascia act 
as a "lie" at the base of the longitudinal an:h. which prevents it from 1laacniDg 
duriDg weight beariJI&. 

Clalll&attoa 

There are three types of fractures of the tarsalDavkular: dmsal chip :fractures, 
fractures of the tuberosity, and fractures of the body of the navicnlar. The 
dorsal chip f'radure, 1he most common type of navk:ular fraclure, is a capsular 

lisfranc joint 

1st Cuneiform 

Calcaneus 

FIG. 27·11 Chopart and Lisfranc joints. 
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avulsion caused by plantarflexion and pronation of the foot. Fracture of the 
tuberosity is an avulsion of the posterior tibial tendon and occurs during ever­
sion of the foot. Fractures of the body of the navicular are the least common 
type and are caused by forceful hyperextension and inversion. Stress frac­
tures occur in athletes and cause chronic midfoot pain. 

Fractures of the cuneiforms are often overlooked and are usually caused by 
direct trauma. 

Fractures of the cuboid are due to direct trauma.. capsular avulsion during 
inversion or eversion of the forefoot, or compression during abduction of the 
forefoot. 

Cbopart dislocation is a rare injury. There are three types: medial, lateral, 
and plantar. The mechanism of injury is inversion, eversion, and plantarflex­
ion of the forefoot, respectively. The bifurcate ligament ruptures and the talo­
calcaneal ligament remains intact; therefore the talocalcaneal joint does not 
dislocate. 

DiagnOllis and lniUal Management 

History and Physical Examination 

There is a history of either twisting or direct trauma to the midfoot and pain lo­
calized to the midfoot. 

Radiographic Examination 

The radiographic examination starts with anteroposterior,lateral, and oblique 
views of the foot. Stress views, obtained while inverting, everting, abducting, 
or adducting the forefoot, demonstrate instability of the Chopart joint. In cases 
of suspected stress fracture, bone scan is helpful for diagnosis and CT for 
preoperative planning. 

Fracture of the navicular tuberosity can be confused with the os tibiale ex­
temum, an accessory ossicle. Distinguishing features are that the os tibiale ex­
temum is frequently bilateral and its edges are rounded. 

Initial Management 

Initial management consists of splinting, ice, and elevation. Dislocations of the 
Chopart joint are usually reduced by axial traction and manipulation of the 
forefoot under sedation. If closed reduction is not accomplished. immediate 
open reduction is indicated. Subluxations of the first cuneiform are usually not 
significantly displaced. In cases where the soft tissue is not at risk, these in­
juries are splinted in situ. 

Associated ID,jurles 

There are no specific injuries associated with injuries of the midfoot. 

De.finltive Management 

Dorsal chip fractures of the navicular are managed symptomatically with a 
short leg cast and weight bearing as tolerated for approximately 4 weeks. Min­
imally displaced (2 mm or less) fractures of the tuberosity of the navicular are 
managed with a short leg cast with the forefoot inverted. At 4 weeks, the cast 
is changed and the foot is positioned in neutral; a short leg cast is applied and 
maintained for an additional2 weeks. Displaced fractures of the navicular are 
managed with open reduction and internal fixation. The surgical exposure is 
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through an incision centered over the navicular, parallel to the anterior tibial 
tendon. The talonavicular joint is exposed and the navicular is reduced under 
direct vision as the joint is distracted with longitudinal traction. Interfragmen­
tary screws or pins are used for fixation. 

Postoperatively, a short leg cast is applied. In unstable situations, temporary 
fixation with smooth Kirschner wires into the talus or primary arthrodesis with 
cuneiforms are options. Combined injuries and significant instability of the 
medial column are stabilized by temporary bridge plating (talus to medial 
cuneiform), which will preserve anatomy until healing occurs. 

Incomplete stress fractures can be successfully treated with casting and 
avoidance of weight bearing for 6 weeks, but complete stress fractures re­
quire internal fixation and bone grafting. 

Fractures of the cuneiforms are usually combined with other .midfoot in­
juries. In case of a displaced or unstable isolated fracture of the medial 
cuneiform, the articulations between the first cuneiform and the navicular and 
intermediate cuneiform are involved. The intermediate cuneiform is the cor­
nerstone of the transverse arch. It is necessary to restore its anatomy and sta­
bility by screw or Kirschner-wire temporary fixation or permanent fusion with 
spared cuneiforms or metatarsals. Splinting and non-weight-bearing period 
of 6 to 8 weeks is required for secure healing. 

Cuboid injuries usually result from an indirect mechanism, compression be­
tween the calcaneus proximally and the fourth and fifth metatarsal base, distally 
resulting in a ''nutcracker'' fracture. Significant shortening will adversely affect 
the lateral foot column. Bone grafting and plating, including calcaneocuboid 
fusion, is indicated. It is important to preserve mobility at cuboidometatarsal 
joints. 

Dislocations of the Chopart joint are managed operatively. Dislocations 
without associated fractures are stabilized with a minimum of two pins in­
serted under fluoroscopy. The first pin crosses the calcaneocuboid joint and the 
second pin crosses the talonavicular joint. A short leg cast is applied and 
weight bearing avoided for 6 weeks. At 6 weeks, the pins are removed and a 
stiff -soled shoe and arch support are worn. 

CompllcatloDJ 

The complication of midfoot injuries is arthritis. Management is anti-inflam­
matory drugs and alterations in footwear. If necessary, injections of local anes­
thetic agents and steroids can be done. Arthrodesis of an arthritic joint (e.g., 
talonavicular) is a last resort. 

INJURIES OF THE FOREFOOT 

Injuries of the forefoot are the Lisfranc dislocation, fractures of the metatarsals 
and phalanges, and dislocations of the metatarsophalangeal and interpha­
langeal joints. The forefoot is a platform during weight-bearing activities: it 
must have full contact, to be flat on the ground for even distribution of weight, 
and to propel the body forward with plantarflexion of the tibiotalar joint. 

The Lisfranc joint, or tarsometatarsal joint, consists of a series of plane 
joints (Fig. 27-11). The greatest degree of motion occurs through the first 
metatarsal medial cuneiform articulation. Motion through the remainder of the 
joint is restricted by dorsal and volar ligaments and the bony architecture (i.e., 
the second metatarsal is inset between the first and third cuneiforms ). The five 
metatarsal heads are connected by strong interosseous ligaments, but only 
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the latmd four mctatanal bases have stroag intaosseous ligammts. In place 
of the interosseous ligament between the first and second metatarsal bases 
there is the Lisl'rallc ligament, COIIIIectiq lhe medial cuneifoan and the base 
of the second metatarsal. Because of this structural anatomy, dialocalions of 
the l...i.sfraDc joint are bquadly limited to the latmll side (i.e., sewDd through 
fifth metlllar5als) or the medial side (ie., first metatarsal). 

The metatanopbalaDgealjolnts function as hiqe joints to tension the 
plantar aponeuro5is. 

The JnterpbaJanp joints are hiDp joints. They actively lex but exteDd 
actively only to neulral. 

Clauificattoa 

The mechanism of injury of lhe LllfraDe cllllocatloa is hyperemnsion. Lis­
franc dislocations arc classified into one of three groups: total incongruity, 
partial incongruity, and divergent (Fig. 27-12). Totallncoagndty (type I) is 
characterized by involvement of die entire joint and dispW:cment in one di­
rection (usually laterally). PartlaliDeoJIIrlllty (type m is characterized by 
involvCJDCDt of only part of the joiD1, usually either the 6IIIt metataisal or 1he 
second through fifth metatarsals. This break between the first and second 
metatarsals OCCUII because~ is DO stabilizing ligament between their bases, 
as lbere is between die bases of the odlcr metatarsals. Divergent df .......... DS 

(type III) are characlmizccl by involvemem of the en~ jaiDt Displacement is 
in two directions (usually the first metatarsal is displaced medially and the 
second through fifth met&taisals l.atmally). 

Metatarsal fractnres are classified as tra11111atic or stress fnctnres. Two 
types of traumatic fracture& bear special mention: the Jones's fracture and 
avulsion fractnres of the base of the fifth metatarsal. The Jones's fraetare is 
a transverse fiacture of the fifth metatarsal at the jUDction of the pro::Umal 
metaphysis and diaphysis and has chanlcteristics of a stress fradwe in dla1 it 
may initially be incomplete, involving only the la1cral Qldcx of the metalai!ial. 
Jcmes's fractures frequemly fail to heal when lJl81188ed nonoperatively. A '\'111-
sioD fractures or the bale (tuberGIIity) of the lif1h metatanal arc caused 
by the lateral cord of plantar aponeurosis rather than by the peroneus brevis. 

FIG. 27-12 Total (A), partial (B), and divergent (G) incongruities at a Lisfranc 
Joint. 
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This~ is distinguished from the Icmea's fncture by ita metaphyseal. lo­
cation aod its tendency to heal when lllllllllged with immobilization. 

Fractures of the phalaDaes are classified as iDtraarticular, extraarticular, or 
tuft fractures. 

Dfllocadou of the metatarsal pbalaageal od lnterpbalaDgeal jobds 
are clauified. acc:ording to the direction of di&pW:ement. as dorsal or volar. 

Dla,polfa aad JDHfallhna....,...t 

History and Physkol.&mninolion 

The pldicm complaiDB of paiD localizecl to the mjumlstluctunl. Tbe dors11111 of 
the forefoot quickly becomes swollen and ecchymotic. Shortening of the fore­
foot indicates an liDRduced Lisfram: dislocation or disphwed fl:actuml of all 
five metBtanals. Apparent hyper.llenon or hyperextenaion of a metatarsopha­
langeal or in1erpha]angeal joint indicates dislocation. 

Rodiographic Exami1lation 

Anteroposterior, oblique, and lateral radiographs are obtained. 
The medial bard« of the second and fourth metatarsals should a1igD with the 

medial border of the middle cuneiform and cuboid. A fnlcture of the base of the 
secorut metatarsal iDdicates 1hat the I...isfrallc joint is clisrupted.Loss of amgruity 
between articular surface& and double densities (i.e., one articular surface su­
perimpoiied on another) indicates sublwtation. Donal subluution of1he SCCODd 
metatarsal base on the lateral view signifies Liafranc ligament rupture (Fig. 
27-13). 

If there ia no obvious displacement on non-weight-bearing x-rays, then 
weight beeriDg as tolerated is permiUedaftera week or two. Repeat radiographs 
should be obtained within 7 to 14 days if symptoms warrant. Any dorsal sub­
luxal.ionofthemetatanal bases,~ of2 mm bctwem bones, or.mme 
than 15 degrees of aogulation of any joint articulatim should be corrected sur­
gically. Forefoot abduction and adduction SlleSa radiographs with anesthesia 
may help make the final determination abollt Lisfranc joint stability. 

FIG. 27-13 Anterposterlor (A) and lateral (8) radiographs of partial Llsfranc 
injury with a drawing of easily recognizable dorsal subluxation of the second 
metatarsal base on the lateral view (C). 
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A CT IICaD will show occult ~s aDd a boue IICaD will help diagnose 
atreaa fractures of die metldanals prior to their radiographic appearaoce. 

lnltiiJl Mallll(Jemmt 

IDi.tialiJillllageJIICit collllista of ali.gmncDt of seve:tely displaced fractuml. :re­
duction of disloc:alions, immobilization, elevation, ami ice. 

Dislocations of the Liafranc joint with an absent dorsalis pedis or posterior 
b1rial pu1ae or compromiaed overlying akin are reduced imlnecliamly u emcr­
pu:i.es. GeDeral. aDeSthesia ia admmiate:Eed, ad uialUaction ia applied to the 
involved mya by auapending the foot by the toea with finger traps. Jnability 
to obtain a closed Ieduction is an i.Ddica1ion far imiiM'!!tiate open Ieduction. 

AaiOdatecllo,Jurlu 

Significant foot swellmg, disproporticmate paiD, lost two-point diM:riminatioa, 
and pain made worse by passive toe motion are the c:anlinal signs of compart­
IWlllt symlrome. The diagnosis is coD1inned by measuring the computmmt 
pressures aDd finding an e~vadon greamr than 30 IDIIIHg or a diiJclenoo of less 
than 30 mmHg between the diastolic p:ressOie ami the compartma11 pmiSUn'. 

Management is surpcal Ieleue of die four donal osseofasclal spaces ami the 
five plantar and deep adductor compaiimeld&. 

Involved compartments are :released through incisions in the second ami 
fourth webspaces dorsally and a separate medial incision. It is c:mcial to do 
this in a timely manner, as irreversible damage (after 12 h) will cause con­
IDctuies, pain. SC&Jiinc, and DelVe dysfum:lion. 

Ddinitlve .llfaugemeat 

The definitive IDIIDllgemeDt of a Lisl'raDc disloadioa is reduction and &tabi· 
lization with pins or screws (Fig. 27-14). We pzefer open reduction because 
we have been impreued by the amount of di&pW:ement and comminution that 
is routinely present Longitud.inal. incisions para1.1.el. to 1he second and fori 
metatarsal& will allow good access to die whole joint. Medial tarsometatarsal 
joints are cleaned aDd traDsfixed with screws and die cuboidometatarsal joints 
with Kirschner wiles (removed after 6 to 10 weeks to preserve mobility). Lis­
franc injuries dlat are not treated during the first 6 to 8 weeks require first-to­
third tarsometatarsal joint arlbrodeai& and resection hemiartbroplasty of the 
fourth and fifth tarsometaWsa1. joints. 

FIG. 27·14 Fixation of Lisfranc joint disruptions. Cuboidometatarsal joints 
are fixed with temporary K wires. 
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FIG. 27-15 Jones's fracture in a young person. A. Initial radiograph. B. Non­
operatively treated healed fracture. 

The flnlt metatanal be81'5 the most weight and muat be anatomically re­
duced and fixed, usually wi1h plates. Isolated fractmes of 1he lesser metatarsal 
with displaoement of more than 3 mm and sagittal-plane angulation of more 
than 10 degrees require surgery. Multiple metatarsal ftactures indi.catc insta­
bility and should be f.i.xed with iuiillmedulluy K.irsclmer wiles (antegrade 
tbrougb die distal fragment and die base of the proximal phalanx and then re­
aligned with the proximal fiagment and pinned retrograde). 

Metaphyseal-diaphyseal junction fractures oflhe fifth m.etatanral base have 
a tenuous blood supply and a poor tendency to heal (dancer's or Jones's fmc.. 
tun: (Fig. 27-15). These l'rllctmes are treated with a non-weight-bearing cast 
for 6 wr.ekll and with cast-proteciOO. weight bearing for an additional6 weeks. 
If bc:aling is delayed. 1111 iniiamedulJary IICieW wid!. bone grafting is indicated. 

Athletes can have primaJy ~ fWUiOD in order to xetum to their sport 
sooner. Minimally d.isplBced avulsion fractures of the fifth metamrsal. base 
are treated with protected (cam walker) weight bearing for 3 to 6 weeks. If d.irr­
placement is more than 1 em in a young person, reattachment with a lag screw 
or Kiradmer wires and a tension band will improve healing, 

Fraclum> of the pbalaqes are usually caused by direct 1lauma. Displ.accd 
shaft fractures of proximal and middle phalanges are aligned with the aid of a 
digital block, and the toe is buddy taped to the ueigbboring toe (with cotton roll 
between the toes). Prot.ectcd weight bearing (supporting hard-soled shoes) for 
a few weeks will allow mobility and improve comfort. Subungual hemalomas 
are decompressed with a ba.ttery-heamd wire. Nail bed laoorations are repaired 

FIG. 'Zl-16 Displaced intercondylar fracture of the proximal phalanx of the 
great toe in a 17-year-old girl. A. Initial radiograph. B. The fracture healed in 
anatomic position following fixation with a plate. 
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and the nail preserved as a splint. Displaced intraarticular or intercondylar frac­
tures of the great toe's proximal phalanx need anatomic reduction and fixation 
(Fig. 27-16). 

Dislocations of metatarsophalangeal and interphalangeal joints are man­
aged with closed reduction under hematoma or regional blocks. Simple axial 
traction and gentle correction of the defonnity will reduce the dislocation. Oc­
casionally, an inn:rphalangeal dislocation of the great toe is irreducible because 
of interposition of the long flexor tendon and requires open reduction through a 
dorsal incision. 

Lawn-mower injuries are severe and dirty, often requiring multiple trips to 
the operating room or amputation. Primary wound closure should not be done. 
Gas gangrene can result from inadequate debridement. 

CompllcatioDJ 

Posttraumatic arthritis of the Lisfrancjoint is managed with arch supports, 
anti-inflammatory medication, and local injections of steroids. If these mea­
sures fail, the joint is arthrodesed. 

Malunion of a metatarsal fracture results in a localized area of increased 
pressure on the plantar aspect of the foot. A metatarsal bar or custom-molded 
shoe insert may compensate for the malunion and resolve the pain. If conser­
vative measures are not effective, a corrective osteotomy is performed. Fixa­
tion is not required, and the patient is encouraged to bear weight postopera­
tively so that the involved metatarsal head will heal in the proper location. 
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28 Fracture and Bone Injury 
Related to Athletic 
Participation 
Mark R. Hutchinson Raymond Klug 

The term sport-specific injury is something of a misnomer. A fracture of any 
bone or dislocation of any joint can occur during athletic activity (Fig. 28-1 ). 
Indeed, it bas been said that the playing fields of collision sports are perhaps 
the best-controlled incubators of human trauma. You could sit for years at a 
given intersection waiting for a vehicle accident to occur, but attendance at a 
high school football game guarantees the observation of multiple collisions 
every few minutes. Perhaps the primary advantage to the clinician in evaluat­
ing sports-related fractures and bone injuries is a well-defined mechanism of 
injury. For example, it is not difficult to understand the valgus angulation of 
a tibial fracture when a soccer player is kicked from the side by an opposing 
player, or how the ischium was avulsed in a gymnast who falls and hyperftexes 
the hip with the leg extended at the knee. An understanding of the mecha­
nism can also alert the clinician to other associated injuries. 

Working with athletes requires special attention to details. Certain fracture 
patterns occur more commonly during athletic activity. Care of athletes with 
bone injuries introduces the additional dilemma of return-to-play decisions. 
The goal of this chapter is to emphasize these variations and special challenges 
of caring for the athletic population; evaluate special populations and injury 
patterns in specific sports, such as avulsions and stress fractures; and clarify 
the unique aspects of athletic participation on bone injury. 

PATTERNS OF SPORTS-SPECIFIC INJURY 

Each sport is unique and offers distinctive physical challenges and muscu­
loskeletal risks to participants; therefore each sport has a specific injury pattern. 
Evaluating injury risk and injury patterns is fundamentally a study of the mech­
anism of injury. Sports can be grouped into categories that help to subdivide the 
patterns. For example, collision sports of American football, ice hockey, and 
rugby pose a greater risk: of acute fractures and dislocations. Throwing and 
overhead sports-such as baseball, javelin, swimming, tennis, and racquet­
ball-pose an increased risk of overuse injuries of the upper extremity and 
stress fractures. Running, sprinting, and jumping sports-including soccer, 
track: and field, and basketball-tend to risk: overuse and failure in the lower ex­
tremity. Increased training intensity, poor nutritional habits, and repetitive 
submaximalload during practice of certain elements elevate the risk of stress 
fractures in athletes. The use of steroids in the athletic population increases 
the risk of tendon failure and avulsion injuries. Knowledge of common in­
juries or risks in a given sport can help the clinician to make an accurate diag­
nosis and choose the correct treatment (Table 28-1). Some sports-specific in­
jury patterns are rare; others are so common that they have pseudonyms related 
to their specific sport (boxer's fracture, snowboarder's fracture, Little Lea­
guer's shoulder, etc.). 

410 
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FIG. ~ 1 Open both-bone forearm fracture in a gymnast whose grip locked 
on a high-bar routine. A. AP radiograph. B. Lateral radiograph. C. Clinical 
photograph. D. Postoperative AP radiograph. 

SPECIAL POPVIATIONS 

Female AtbiJta 

Beyond the speciDc sport, the participating population can affect bone iDjmy 
patterns. Various studies have revealed that female athletes tend to be at 
greater risk for slrcss ~s and overosc injuries than their male co\lllter­
parts. Prospective and retrospective ICI1di.es of stress fnctures 8.IJlOD8 military 
recruits report a cumulative incidence of 0.99 to Z.O% for males. Female :re­
cmia generally sustain stress fractures at rates over three times that of lbeir 
male couutaparta.ID IUIIJiiDg spona. women develop strclls fractures at rates 
up to 10 times greaa 1ban DHZ on the same training course. Other retrospec­
tive studies have documeuted stress fial:turc rates of 23 to 52% among fe­
male distance !'llllllers and 2.2 to 45% among ballet dancers. When women 
are followed prospectively. high IeCUJm1CC ratc& a:re seen as well. When fe­
male recruits or athl.ems Ulldergo a period of preconditioning or when .. con­
ditioned'' male and female atblctes are compared, the :relative risk of stress 
fracture is more equal . 

.Addilional. W:ton affecting the risk of bone st:ress injury ill female adtletes 
iDclude hormonal and nutritional issues. Competitive female athletes tend to 
have later meDliiChc, menstrual ir:regularities. and diminished cUculating es­
trogen levels. With relative estrogen deficiency comes reduced peak bone 
mass and a t:edw:lion ill 1be ability to mnodel bone ill :response to mechanical 
loading. This is thought to predispose women to stress fractures as well as 
osteoporosis her ill life. Inadequate awgy intake relative to calories bumed 
also increases the risk of stress injuries to the bone. The "female adtlete triad" 
describes the association between JDeDSttual ir:regularilies, disordered eadJI&, 
and osteoporosis. It is relatively common among elite female a!hl.etes, with 
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TABLE 28-1 Fractures Commonly Associated with Specific Scorts and Activities 

Sport/ Activity 

Arm wrestling 
Ballet 
Baseball 

Basketball 
Boxing 
Cheerleading 
Cross-country 

running 
Cycling 
Diving 
Fencing 
Football 
Gymnastics 

Handball 
Ice hockey 
Martial arts 
Rollerblading 
Rowing 
Shooting sports 
Skateboarding 
Snowboarding 
Snow skiing 
Soccer 
Swimming 
Tennis 

Fracture 

Humeral and forearm fracture 
Stress fracture (pelvis, femur, metatarsal), os trigonum 
Fingertip injuries, mallet finger, volar plate avulsion, 

spiral humerus fracture, medial epicondylar avulsion 
Stress fracture of the olecranon 
Hook of hamate fracture 
Base of fifth metacarpal, navicular stress fracture 
Boxer's fracture, facial fractures 
Spondylolysis, stress fractures 
Stress fracture (pelvis, femur, tibia, metatarsal) 

Spoke injuries in children, fractures from falls 
Spondylolysis 
Pubic stress fracture 
Acute fracture, spondylolysis, navicular stress fracture 
Spondylolysis, distal radial physeal fractures, both-bone 

forearm grip injuries, forearm stress fracture 
Metacarpal stress fracture 
Clavicular fracture 
Clavicular fracture 
Distal radial fracture, scaphoid fracture 
Rib fractures 
Coracoid fracture, hamate fracture (hand guns) 
Distal radial fracture, scaphoid fracture 
Talus fractures 
Boot-top fractures, gamekeeper's thumb 
Tibial stress fracture, pubic stress fracture 
Stress fracture of the humerus 
Hook of hamate fracture 
Stress fracture (ulna, metacarpal, metatarsal) 

Track (sprint) Avulsion injuries 
Volleyball Distal fibular stress fracture 
Water skiing Spondylolysis 
Weight lifting Avulsions, tendon injuries, spondylolysis 
Wrestling Clavicular fracture 

SOURCE: Modified from Bennett KL, Brukner PD. Epidemiology and site 
specificity of stress fractures. Clin Sports Med 16:179, 1997. 

an incidence as high as 15 to 62%. While athletic trainers, coaches, or fellow 
players may be witness to abnormal eating behaviors, the stress fracture is 
commonly the athlete's initial contact with the physician. 

There should be a high index of suspicion for this condition in female com­
petitors of all sports but especially in sports with a significant advantage to 
low weight or where judging includes the athlete's esthetic presentation. The 
physician should automatically screen for the female athlete triad in any female 
athlete who presents with a stress fracture in crew, distance running, gymnas­
tics, Ihytbmic gymnastics, cheerleading, figure skating, and ballet. The athlete 
may be in denial; therefore the physician must be on the alert and be willing 
to perform additional evaluation for confirmation of the diagnosis. Once the di­
agnosis is confmned, a multidisciplinary approach should be undertaken to 
address gynecologic, psychological, and nutritional issues as well as the or-
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thopedic care of the stress fracture. Anorexia or bulimia has high mortality 
rates. Occasionally in these cases the best treatment for the stress fracture may 
be to disqualify the athlete from sports until the eating disorder is under control. 

Child Athletes 

Child athletes introduce the risk of injury to the open physis and actively 
growing skeleton. In general, the weak link in the skeletally immature athlete 
is the physis. ligamentous injuries are less common than growth plate injuries 
and avulsion injuries of an apophysis. A high degree of suspicion is encour­
aged in evaluating the child athlete. Inadequate treatment or an unrecognized 
physeal injury can lead to permanent deformity and disability. Physical ex­
amination should always include palpation of the physis. If instability is ap­
preciated, stress radiographs should be obtained to clarify a ligamentous or 
physeal source. Imaging should often include comparison views of the con­
tralateral side. 

Chronic repetitive overuse can cause repetitive microtrauma at the level of 
the physis, which leads to adaptive changes in the bone. The microttauma may 
be painful for the child but is frequently subclinical, with little pain. Children 
should not play through pain. Examples commonly associated with mild pain 
include repetitive loading of the tibial tubercle in jumpers, leading to Osgood­
Schlatter disease; repetitive loading of the medial epicondyle in pitchers, lead­
ing to hypertrophy or avulsion; or repetitive loading of the anterosuperior iliac 
spine in hurdlers, leading to chronic apophysitis. Examples commonly asso­
ciated with little or no pain include repetitive loading of the proximal humeral 
physis in child pitchers, leading to increased external rotation; repetitive load­
iog of the proximlll femoral physis io ballet dancers,leading to increased torn­
out; and repetitive loading of the lateral compartment of the elbow in young 
throwers,leading to hypertrophy of the radial head or capirellum. 

Master's Athletes 

The athletically active older patient has only recently become the subject of 
research regarding ioilllY patterns. Bone density is decreased in both male and 
femsle athleres, slightly iocreasing the risk of fracture. A majority of the fmc.. 
tures in older people are complete fractures, with fewer stress fractures as com­
pared with a younger population. The reduced incidence of stress fractures may 
be secondacy to less total repetition io training, a redoeed lilrelihood of ramping 
up intensity too quickly, and some metabolic factors in bone healing. When 
fractures occur in the mature athlete, bone densitometry to look for possible os­
teoporosis may be iodicated. 

Perhaps the most interesting aspect of sport in the elderly is not the treat­
ment or identification of specific patterns but rather prevention. A number of 
studies have instituted the use of Tai Chi to maximize proprioception and 
reduce the risk of falls in the elderly. Weight-lifting and weight-bearing 
activities increase load and allow the elderly to build new bone and offset the 
effect of osteoporosis. 

EHte Athletes 

When elite and competitive athletes susttin fractures, they introduce special chal­
lenges in decision making. As in all fractures, the clinician should look for 
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associated injuries and treat the fracture appropriately and with indicated reha­
bilitation. The bones do not heal any quicker in athletes than in an age-compara­
ble group of nonathletes. Nonetheless athletes often demand an expedited reha­
bilitation program and an early return to sport. The physician should never 
compromise fracture care for time of the season, the possibility of winning a 
sebolarship, the financial impact on the athlete or the club, or the approach of "the 
big game." Medk:olegal considerations may also come into play, as athletes have 
sued both for not being allowed to play and for being returned to play too quickly. 
Intimately, the athlete is a patient first and must be treated as such; however, in 
treating competitive athletes, it behooves the treating physician to be aware that 
not all fracture patterns and bone stress injuries need to be treated with tentative 
conservatism. There is ample literature to support early return to play with vari­
ous levels of immobilization in the case of certain fracture and bone stress pat­
terns. For example, pneumatic braces can safely be used to treat tibial stress frac­
tures of the mid- to lower thirds and allow athletes to return to sport. Some sports 
(football, soccer) will allow return to play with a soft or padded cast for haud in­
juries as long as there is no risk of injury to others. Each athlete's treatment must 
be individualized, and each must be aware of the additioual risk incurred in at­
tempting to return to play prior to complete heallug of the fnocture. 

STRESS FRACTURES 

The evaluation and treatment of complete single trauma fractures related to 
athletics is not significantly different from the approach to those presented 
elsewhere in this text. In contrast, stress injury to bone and stress fractures 
are much more common in the athletic population than in the general popula­
tion. Stress fractures (fatigue fractures) are caused by repetitive submaximal 
stresses that exceed a bone's adaptive capability. The stress injury to bone is 
actually a continuum of pathology ranging from mild bone edema or stress 
reaction to an incomplete fracture or stress fracture that in the worst -case sce­
nario can catastrophically fail and become a complete ftacture. S1ress fnoctures 
were originally described in exercise-active military recruits (i.e., march frac­
ture, Deutschlander'sfracture), the common theme being repetitive activity in 
a relatively underconditioned individual. Patients conunonly complain of lo­
calized pain with activity, pain with impact, and pain that is relieved by rest 
and returns on resumption of the inciting activity. Associated factors can be an 
alteration in the intensity or frequency of training, new or different equip­
ment (especially shoe wear), rigidity of the playing surface, inadequate energy 
intake, or menstrual irregularities. 

Physical examination may be nonspecific, with local point tenderness being 
the most consistent physical fiuding in bones. Superficial locations may also ex­
hibit localized swelling or palpable periosteal thickening. Pain with passive 
range of motion or stresses on extremes of motion may also exace:rbate the pain. 
The involved bone tends to be hypersensitive to vibration, and the patient is 
unable to tolerate ultrasound treatment. A tuning fork is an inexpensive tool 
available in the clinic or !mining mom. When the vibrating tuning fork is placed 
in contact with the bone, pain may also be exacerbated 

Plain radiographs obtained within the first 2 to 3 weeks after injury are usu­
ally negative. Periosteal reactions, cortical lucency, fracture lines, or callus 
formation may take several months to appear if at all. In suspicious cases with 
negative plain films, radionuclide bone scanning or magnetic resonance imag­
ing shouid be used. 



28 FRACTURE AND BONE INJURY RELATED TO ATHLETlC PARTlCIPATION 415 

Radionuclide bone scanning is the most sensitive and earliest indicator of 
stress fracture but lacks specificity. Bone scanning also has the advantage of 
being able to detect distant or multiple lesions and to distinguish bipartite 
bones from stress fractures. 

Acute stress fractures are visualized as discrete areas of increased uptake 
on all three phases of the lxme scan. Soft tissue injuries characteristically have 
increased uptake in only the first two phases. Bone scans are usually positive 
within the first 2 to 7 days after the patient becomes symptomatic. After symp­
toms have persisted for at least this amount of time, a negative bone scan vir­
tually eliminates the diagnosis of stress fracture. Single-photon emission com­
puted tomography (SPEC!') scanning has the advantage of increased resolution 
by eliminating surrounding soft tissue structures. This may be particularly ad­
vantageous with subtle stress fractures and especially those of the spine and 
pelvis. While bone scans are helpful in confirming the diagnosis, they should 
not be used to dictate :return to play for athletes, as the scan may continue to 
be positive for nearly 2 years. 

Magnetic :resonance imaging (MRI) has more :recently emerged for early 
and specific identification of stress fractures in high-level athletes. The MRI is 
specific and can rule out other potential differential diagnoses, but perhaps its 
greatest value in the treatment of athletic lxme stress injury is its ability to pro­
vide predictive value in estimating the duration of disability. Grade I injuries 
have negative radiographs but positive short tau inversion recovery (STIR) im­
ages but negative T2 images on MRI. Grade I injuries generally improve with 
3 weeks of :rest. Grade II injuries have negative radiographs but are positive on 
both STIR and T2 images. Grade II images require 3 to 6 weeks of rest. Grade 
m injuries may or may not have positive radiographs but MRI reveals no cor­
tical break. MRI is positive on STIR, 1'2, and Tl images. Grade m injuries re­
quire 12 to 16 weeks of rest. Grade IV injuries have a radiolucent line and 
periosteal reaction on radiographs with a cortical crack on T2 and Tl MRI im­
ages. Grade IV stress injuries have a guarded prognosis and may require 16 
weeks of rest. Grade m and IV stress fractures are considered high-risk frac­
tures, and algorithms for their treatment have been proposed (Fig. 28-2). 

The majority of stress fractures occur in weight-bearing bones such as the 
lower extremity in runners and jumpers or the upper extremity in gymnasts. 
Matheson reported on 320 bone scan-positive stress fractures in 145 males 
and 175 females and showed, in decreasing order of frequency, stress fractures 
of the tibia (49.1 %), tarsal bones (25.3%), metatarsals (8.8%), femur (7.2%), 
fibula (6.6% ), pelvis (1.6% ), sesamoids (0.9% ), and back (0.6% ). Femoral and 
tarsal stress fractures were more common in older athletes and tibial and fibu­
lar stress fractures were more common in younger athletes. Bilateral stress 
fractures occurred in 16.6%. Other studies have shown variations in frequency 
if plain radiographs were used for diagnosis: metatarsal (35.2% ), calcaneus 
(28.0%), tibia (24%), ribs (5.6%), femur (3.2%), fibula (3.2%), spine (0.4%), 
and pubic ramus (0.4% ). Among runners, up to 76% of stress fractures occur 
in the tibia, fibula, and metatarsals. 

SPECIFIC FRACTURES RELATED TO SPORTS 

Athletic participation improves general fitness, muscular strength, heart health, 
and coordination as well as offering opportunities to experience leadership, 
team play, a sense of achievement, and social interaction with friends and 
teammates. 



416 HANDBOOK OF I'RACIURiill 

I Algorhhm for the Management of Streu Fractures I 
T 

FIG. 28-2 Algorithm for stress fracture. 

With all of the poai.tives. the risk of injury, including fi:ac:ture. is pervasive 
in sports, especially in contac:t and collision sports. The following section 
brlely discua&es the UDiquc aspects of spcci1ic injuries of bODe and their ma­
tionsbip to sports participation. For the treatmeDt of specific fractures, the 
reader is refem:d to the releVIIIlt chapter in this text. 

Cervkal Splae 

Injuries to tbe cervical spine, including fractmes and dislocaDons, are dlaok­
fuDy rare in sports. Nonctbcless, sideline miiiUlgCIIICnt I"'JWms a bigh level 
of suspicion. Any athlete with midline neck: pain or a head injury with abnor­
mal SCDBorium must be assumed to have a cervical spine injury. 'Ibis requires 
immobilization and fall radiographic evaluation. 1be .lllOSt common cause of 
caJaslropbic cervical spiDe injiii)' in the United States is foolball. Role changes 
(1976) penalizing spear w:kling have had a significant effect on reduclng the 
D1llllhcr of c:enical spine .injorl.cs. The next most coDDDon risky sport for male 
athletes is ice hockey. The most coDDDon mechanism is a c:hook: from behind. 
sendiDg the a1hl.ete head-first into the boards. Rule changes with ~tignifinmt 
pcmalties for 11IIMfe checking have helped to :reduce the incidence of neck in-
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juries in hockey. For female athletes, the most common cause of catastrophic 
cervical spine injury is cheerleading, followed by gymnastics. The mechanism 
in both instances is a fall from a height. 

Thonclc Spine and Ribs 

The thoracic spine is relatively protected by the rib cage and associated mus­
culature, making sports-related fractures of the thoracic spine exceedingly 
rare. Rib fractures can occur with collision sports. Stress injuries to the second 
through tenth ribs are correlated with rowing, crew, and kayaking. Stress frac­
tures of the first rib have been reported in pitchers and throwers. 

Upper Extremity 

Bone injury to the upper extremity can be correlated to sports involving con­
tact/collision, throwing, or weight bearing/weight lifting. The recoil of the gun 
stock in shooting sports has been associated with stress injuries of the cora­
coid. The recoil of the bat or stick in stick sports has been associated with frac­
tures of the hook of the hamate. Clavicular fractures occur more commonly 
in collision sports such as ice hockey, when a player is checked into the 
boards, or in martial arts/wrestling, when a participant is being driven into 
the mat. Clavicular fractures may also occur in stick sports such as ice hockey, 
field hockey, and lacrosse from being hit by the equipment. Scapular fractures 
have been reported secondary to direct trauma in football as well as secondary 
to chronic microtrauma from carrying hand weights while running. Falls onto 
the extended wrist should raise suspicion of a scaphoid fracture, the most com­
mon carpal fracture in sports. Ball-catching and tackling sports increase the 
incidence of fractures of the fingers and hands. 

Weight-bearing and weight-lifting activities tend to lead to chronic overuse 
injuries of the upper extremities. Arm wrestlers place significant force across 
their humeri and forearms, thus increasing their risk of a fracture at either lo­
cation. The epidemic use of steroids in competitive weight lifters or body 
builders increases the risk of avulsion injuries. Gymnastics is the classic upper 
extremity weight-bearing sport. Gymnasts are at risk for a variety of overuse 
stress injuries up and down the upper extremity, including forearm stress frac­
tures, scaphoid stress fractures, dorsal wrist impingement, and physeal stress 
syndrome of the distal radius. This syndrome occurs in young, skeletally im­
mature gymnasts and appears radiographically as widening and irregularity 
of the distal radial physis with marginal sclerosis. The athlete should be rested 
until pain-free. Dorsiftexion block bmces ("tiger paws") can be used to prevent 
recurrence on return to sport. If left untreated, radial shortening can occur, 
with a positive ulnar variance and chronic wrist pain in adulthood. 

Throwing and racquet sports provide the next common thread of bone­
related injuries in athletes. Throwing and racquet sports both impose chronic 
repetitive loading on the shoulder and elbow. In the skeletally inunatore, this 
can lead to "Little Leaguer's shoulder," which is usually a minimally or 
nondisplaced injury to the proximal humeral physis. In general, it is treated 
with rest for 3 to 6 weeks, but the athlete is not allowed to return to throwing 
for 2 to 3 months for fear of recurrence. Chronic subclinical loading of the 
proximal humeral physis has been correlated with the increased external ro­
tation, as seen in professional and collegiate pitchers. When a complete spi­
ral fracture of the proximal humerus is seen in a young pitcher, an underlying 
pathology such as a bone cyst or tumor should be considered. 
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lbrowing sports also place chronic repetitive loads about the elbow. Stress 
fractures of the olecranon have been reported in mature throwers secondary 
to triceps traction or valgus-extension overload. Most will respond to a pe­
riod of rest; however, a single screw placed across the olecranon down the 
ulnar shaft can expedite an athlete's return to sport. In the skeletally imma­
ture thrower, too many pitches can lead to traction apophysitis or complete 
avulsion of the medial epicondyle. Virtually all avulsions of the medial epi­
condyle (which are not entrapped in the joint) will heal uneventfully with fi­
brous tissue and scarring. In elite athletes, open reduction and internal fixation 
(ORIF) of avulsions separated by more than 3 mm may be offered to reduce 
the fragment, with the expectation of better motor power. Valgus extension 
overload may also contribute to subchondral bone changes of the capitellum 
(osteochondritis dissecans ), hypertrophy of the radial head, and/or stress frac­
tures of the olecranon physis. 

Lumbar Spine and Pelvis 

Golf and baseball are sports that make significant rotational demands of the 
trunk. Ballet dancers, artistic gymnasts, rhythmic gymnasts, cheerleaders, 
and football linemen all have chronic repetitive demands of extension on the 
lumbar spine. These two mechanisms load the pars interarticularis of the lum­
bar spine and increase the risk of a spondylolysis (a stress fracture of the pars 
interarticularis). Chronic low back pain in young athletes deserves an appro­
priate workup and diagnosis. Radiographs including obliques are rarely diag­
nostic. SPECT bone scans can confinn the diagnosis. When a spondylolysis 
can be identified in the acute phase (first 3 months), the goal is cure, and the 
most common treatment is a thoracolumbosacral orthosis until the patient is 
pain-free. In chronic cases, pain is treated symptomatically. If the pain is in­
tractable, local fusion can provide relief, with a guarded prognosis regarding 
return to sport. 

Bone injuries about the pelvis related to sports can be due to direct trauma, 
avulsions, or overuse. Collision sports can lead to pelvic fractures and hip 
dislocations, with associated acetabular fractures. These are treated no differ­
ently than general orthopedic trauma. Avulsions of the anterosuperior iliac 
spine (sartorius), anteroinferior iliac spine (rectus), inferior pubis (gracilis), 
and ischium (hamstrings) occur more commonly in sprinters and speed sports 
but have been seen traumatically in football, soccer, and gymnastics. The ac­
cepted treatment for avulsions with less than 2 em of separation is conserva­
tive. In athletes, consideration should be given to ORIF to place the muscle 
back at length and optimize the strength recovered. Chronic overuse at the 
level of the pelvis increases the risk of stress fractures, particularly of the sym­
physis pubis. This is more commonly seen in runners with a crossover gait and 
is treated nonoperatively. 

Proxlmal Femur 

Stress fractures of the femoral neck are uncommon but have a potential for se­
rious morbidity. They are more common in nmners and endurance athletes. Be­
cause of their rarity, diagnosis is commonly delayed. Patients often present 
with anterior groin pain, which is exacerbated with weight bearing. Tenderness 
is difficult to elicit, but pain with passive motion or at the extremes of motion 
(especially rotation) is common. An antal.gic gait may also be present. 
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Compressive-side (inferior) stress fractures are more common and begin at 
the inferior cortex of the femoral neck. Complete displacement of compres­
sion-sided fractures is rare; therefore nonoperative treatment, including pro­
tected weight bearing with close radiographic follow-up, is appropriate. Of 
greater concern and less common are tension-sided (superior) or transverse 
femoral neck stress fractures. These fractures start at the superior cortex and 
travel across the femoral neck relatively perpendicular to its axis. Because of 
the mechanical moments imparted across the proximal femur, this fracture 
pattern has a greater propensity to displace and therefore requires operative 
fixation with three parallel screws. 

Knee 

Sports-related bone injuries about the knee may be trawnatic, associated with 
other injuries, or secondary to overuse. The clinician caring for the skeletally 
immature athlete must always be alert for the potential of an injury of the dis­
tal femoral physis rather than a ligamentous injury. Indeed, another concern for 
the young athlete who presents with knee pain is the potential of referred pain 
from the hip (slipped capital femoral epiphysis). Appropriate radiographic 
workup including the joint above and below the area of interest, comparison 
views, and stress views when indicated will help to secure the diagnosis. 

Twisting and cutting sports, including basketball, soccer, team handball, etc., 
have an increased risk of injury to the anterior cruciate ligament, especially 
in women. Care should be taken to identify associated injuries such as avul­
sions or bone bruises so as to best advise the athlete regarding prognosis. In 
most cases, avulsion injuries of the medial collateral ligament, lateral collat­
eralligament, or postetior cruciate ligament will be repaired primarily. 

Chronic repetitive loading related to jumping and sprinting, as seen in track 
and field, volleyball, and basketball, increases the load along the extensor 
mechanism of the knee and in turn increases the risk of patellar stress frac­
ture or avulsion of the patellar or quadriceps tendon. In the skeletally imma­
ture, chronic loading can lead to apophysitis of the distal pole of the patella 
(Sinding-Larson-Johanson) or of the tibial tubercle (Osgood-Schlatter's). 
H avulsion occurs, anatomic repair is necessary for optimal function of the ex­
tensor mechanism. 

Leg and Ankle 

In athletes, the tibial shaft is the most common location of stress fracture. Such 
fractures are usually transverse, at the posteromedial cortex (compression side). 
Posterior tibial stress fractures respond well to relative rest, with gradual re­
turn to activity. Since the injury usually involves the mid- to distal third, tibial 
stress fractures are highly amenable to long leg pneumatic braces. Indeed, the 
use of such braces can safely speed an athlete's return to play from 3 months 
to about 1 month. The athlete is rested for a short period and then allowed tore­
turn to play, wearing the brace for all impact activities. As long as there is no 
increase in pain, the athlete can continue to compete. To date, there have been 
no reported progressions of the stress injury to a complete fracture. 

Less common but more worrisome are anterior cortex (tension-sided) stress 
fractures. Radiographic findings may be subtle, if present, which can lead to 
delay in diagnosis. Focused views or magnification may help. Relative hypo­
vascularity and tension on the anterior cortex are thought to contribute to pro­
gression to complete fracture or nonunion. Initial treatment is rest for 4 to 
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6 momhs. UIJnsoDic bone stimulation may be used 88 an adjunct to promote 
healing in streu fracture~~ (magnetic and eledrical devices have not been ap­
proved fur this purpose by die U.S. Food an4 Drug .Administration). If radio­
graphs show signs of chronic changes (the .. dreaded black line"), excision 
and bone gn.ft.iDg or inaamedullary fixation may be necessuy. Bxpcditiou 
surgical treatment of anterior cortex stress fractures may allow an earlier :re­
turn to sport. Tibial stms fractures are more common in d.istanoe runners and 
distal fibular streaa fractures appear to be common in ballet, aerobics, race 
walking, an4 vollcyball. 

About the ankle, athlete& can IIU8tain avulaion injuries of the ligamenta or 
ostcochondnl injuries of the talar dome secondary to severe ankle sprains. 
Stress fractures of the medial malleolu in adults and physeal injuries of the 
distalnbula an4 distal tl"'biain children can present 88 ankle sprains. Avulsion 
injuries and atresa fractnrea are generally treated with immobilization and 
resolve in 6 to 8 weeb. 

Foot 
Navicular slmi& ~ ale matively nnoomlJIOil, r:epm~CDUng 0.7 to 2.49fl 
of all stress fractures; however, the risk they pose of nonunion aDd nltimalcly 
cueer-ending disability is greater dum wilh most other stmi& fl:acture& (Fig. 
28-3). Navicular stress fracmres can occur in alhletes in any sport widl repet­
itive loading. .including basketball. long jump, triple jump, football, and nm­
ning. A high index of suspicion is required to llllllm the diagnosis. Stress frac­
tures of die tarsal.llliVic:ular bone are difficu1l to detect on plain films due to the 
orientation of the bone. An anatomic anteroposterior view with the foot in­
verted may help. The diagnosis is commouly made with a bone scan, cr. or 
MRI. Navicular stress fradures occur B1 the relatively avascular central third 
in the sagiual plane. Due to the relatively .im:reased risk of nonUDion, dlese 
fra£:mres are treated with cast immobilization and the avoidance of weight 
bcariDg for 6 to 8 weeks. When nonUDion or displacement occurs, intcmal 
fixation with bone gnftiDg may be nece!1881)'. 

Stmi& fractures of the .IIIICtaUli8al. shaft ale foond amoDg 1'IJJIDeD aDd mili­
tary recmits (m41'Ch fraci#Te, Delll.fchlonder'a fractun), typically occurring 
in 1hc diaphysis oflhe secoad and tbiJd metalaiSals. 'I'mdmeD1 is symptomatic 
and immobilization is rarely necessary. The most important consideration in 
athletes is an assessiDCilt of why die fracture cx:cumd in the tint place. in Oldel' 

FIG. 28-3 Female basketball player with gradual onset of mldfoot pain. A. AP 
radiograph. 8. CT scan. C. MRI scan showing a nondisplaced stress fracture of 
the tarsal navicular with sclerosis. D. Postoperative fixation with headless com­
pression screw after 4 months of conservative treatment had failed. 
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FIG. 28-4 Male basketball player with acute onset of lateral foot pain while re­
bounding. A. Oblique radiograph shows a nondlsplaced fracture of the base of 
the fifth metatarsal (Jones's fracture). B. Surgical fixation with a cannulated 

to mlucc the Ii.sk of a m:ummce.ltcview of the traimDg bistmy, assessmcm 
of shoe wear and lower ememity alignmmt, cvaluarlon of nutritional history, 
8Dd ~of women for risk of the '1'ema1c atblete triad" may idmtify an 
UDderlying trealable cause. 

The fifth mc1a1aisal may introduce unique ~atmcDt c:omidmdions in the 
athletic population (Fig. 28-4). As in the case of metalar8als two through four, 
avulsion injuries of the tuberosity or diaphyseal fmctules of the fifth metatarsal 
arc treated symptomatically with a removable "cam-walker boot" or a stiff­
soled shoe wid! cruk:hes followed by progm~aive weight bearing. Fnlctumi at 
the avascular junction of the proximal metaphysis and diaphysis (Jones's fmc­
tum!) cmy an elevated risk of delayed union, ncmuniDD, or m::unmt :fracture. 
Symptomatic patientll with positive bone scaDll but negative radiographs are 
1.teated nonoperatively wi1h weight bearing avoided and a semirigid orthosis. 
With greater dian 3 weeki of symptoms or radiographic c:onfirma!ion, avoid­
ance of weight bearing and cast immobilization for 6 to 8 weeks is recom­
mended. Jn eliu: ldbletell who deaire a quicla:r retum to sport and redw:ed rilk 
of~ intlamedullacy SC3W fixation is perfonned. This may be the fiist 
liDe of treatment in elite baskdball players. 

SUMMARY 

Virtnally every bone in thc body can be ~ured secondary to alhletic partici­
pation. Fundamentally, tmatment is not diffeient than it is in other fractun:s, 
and thc clinidan must always ueat the a1hlete as a patient first. Cet1aiD fracture 
paaema arc more CODIDIODly seen in spmta, especially overuse and stress in­
juries of thc bone. Attention to these paUems will assist the clinidan in mak­
ing accurate diagnoses. 

Most of these injuries will resptllld to a CtlDSel'Vlllive COI1tSe of tteaament; how­
ever, auociall:d fal:ton includiDg injmy mec;banjsm, alignmm~ nutdtiollal is­
sues, gender-related issues, and issues related to training inteasity Dll.ISt be un­
derstood in onler to optimize carc. The adllete' s desire to return to play must be 
balanced against thc possibility of further injmy and of pcnnanent impaitment 
as well as the adllete's (or parent&') ability to live with the consequences. Jn Bit­
IWions where die ad!leu: can offer an infotmcd CODSall, more aggressive treat­
ment oplions can be selected that wiD. allow the ~to return to play soon«. 
Ultimafely, caring for sports-relamd fractures calls for a holistic approacll in 
which the cliDil:ian UDdastands and respcmds to the palimt's meeds and desires 
widl enough informa!ion that the adlleu: can make an iDfomlcd. decision. 
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Ankle fractures (Cont.) 
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294/ 
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contraindication& to, 25 
techniques of, 25/, 25-26, 26/ 

Arthrofibrosis 
with distal femoral fractures, 312 
with knee dislocations, 320 
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with hip dislocations, 262 
with proximal humeral fractures, 

74 
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glenohumeral dislocations, 80 
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225-226, 226/ 
definitive management of, 231 
initial management of, 229-230 
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Bone grafting, 54, 56-58 
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clinical need for, 54, 56 
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fracture healing and, 49 

Bone morphogenetic proteins 
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fracture healing regulation by, 53 

Bone remodeling, in secondary fracture 
healing, 53 

Bony avulsions, with knee dislocations, 

315 
Bowers procedure, 174 
Bowing fractures, 41 
Boxer's fractures, 202, 203 
Brachial artery, 145 
Breathing, assessment of, with multiple 

injuries, 2 
Bridge plating, 12. 13/ 
Brown-Sequard syndrome, 220--221 
Buck's traction, 23 
Bulbocavernosus reflex, 222 
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with casts, 22 
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Burst fractures, spinal, 216 
cervic&,232,233-234,236,237 
thoracic and lumbar, 238/, 239, 

242-243 
Butter.Oy fractures, 43 
Buttress plates, 12, 13/ 

c 
Calcaneal dislocations, 400 
C&caneal fractures, 394-401 

of anterior process, 400 
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classification of, 395/, 395-396, 396/ 
comminuted, 398--399 
complications of, 400--401 
definitivcmanagemento~397J, 

398--400 
diagnosis and initial management of, 

396 
extr~,395-396 

initial management of, 397 
injuries associated with, 398 

intraarticular, 395, 395/ 
displaces, 398 

posterior facet involvement with, 395 
radiographic examination of, 

396--397. 397/ 
axial (Harris; jumper's) view for, 

396--397 
Broden views for, 397 
lateral projection for, 396, 397/ 
oblique view for, 396 

toogue-type, 399f, 399-400 
of tuberosity 

caused by avulsion of Achilles 
tendon, 400 

caused by direct impact, 400 
Calcium phosphate cements, for bone 

grafting, 58 
Calcium phosphate ceramics, for bone 

grafting, 57 
Calcium phosphate/collagen 

composites, for bone grafting, 

57 
Calcium sulfate, for bone grafting, 58 
Cancellous bone grafts, 56 
Cancellous healing, primary, 51 
Capitate fractures, 195 
Capitellar fractures, 121-123 

classification of, 122, 1~ 
definitive management of, 122-123, 

123/ 
radiographic examination for, 122, 

122/ 
Capsular instability, following elbow 

dislocation, 141/. 142 
Cardiogenic shock, 2 
Carpal bones, 177,178/ 
Carpal height ratio, 183, 184f 
Carpometacarpal joint anatomy, 201 
Cartilage 

c&cification of, in secondary fracture 
healing, 52-53 
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Cartilage (Cont.) 
formation of, in secondary fracture 

healing, 52 
removal of, in secondary fracture 

healing, 53 
Casting, 20--22 

complications of, 22 
rules for, 20 
techniques far, 21-22 

Cauda equina injuries, 221 
Cauda equina syndrome, 221 
Central cord syndrome, 220 
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of, 233-235 
injuries associated with, 235 

Chance fractures, 216, 239, 239/ 
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413 
Chopart dislocation, 402, 403 
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Cin:ulation, assessment of, with 

multiple injuries, 2 
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classification of, 86, 86/ 
complicationso~89,89f 

definitive management of, 88/. 8S-89 
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injuries associated with, 87, 87/ 
malunion of, 89 
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Compression screws, dynamic, 15, 16/ 
Computed tomography, 36, 37/ 
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complications of, 139 
definitive management of, 137, 138/ 
diagnosis and initial management of, 

129 
surgical management of, 137-138 

Cortex, fracture healing and, 49 
Cortical allografts, 56 
Cortical bone grafts, 56 
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Crural fascia, 356 
Cuboid fractures, 402, 403 
Cuneiform fractures, 402, 403 

D 
Damage-control orthopedics, 4-5 
Danelius-Miller position, 285 
Daruch procedure, 173/. 174 



Deep peroneal nerve block, 33, 33f 
Deep sedation, 28 
Degenerative joint disease, with 
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Delayed osseous union, 47 
Deltmd ligament 354-355 
Deltoid ligament repair, 368 
Demineralized bone matrix, 57 
Depression, of fractures, 44, 45/ 
Deutschlander' s fracture, 414 

Diastasis, 44 
Digital nerve block, 20, 20f 
Disability, assessment of, with multiple 

injuries, 2 
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anatomy and, 304 
classification of, 304, 305/ 
complications of, 312 
definitive management of, 308-312 

fm" bicondyiM fractures, 31 Qf, 
310-312, 3llf 
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308--309 
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309f 
diagnosis and initial management of, 

305-306 
injuries associated with, 304 
intramednllary nailing for, 3rrlf, 

307-308 
malunion of, 312 
nonunion of, 312 
rehabilitation for, 312 
treatment of, 306--308 

external fixation in, 306--307 
intramedullary nailing in, 307/. 

307-308 
nonoperative management in, 

306 
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:fixation in, 308 
Distal intercarpal ligament, 176 
Distal interphalangeal joint 

anatomy of, 201 
dislocation of, 211-212 
fractures of, 206 

definitive management of, 210, 
211f 

Distal radial fractures, 159-172 
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classification of, 162--164, 163f, 164! 
complications of, 171-172 
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158--159 
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Distraction, of fracture fragments, 43 
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Drawer tests, 316 
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E 
Ectopic ossification, with coronoid 

fractures, 139 
Elbow 

anatomy of, 113--114, 114/ 
aspiration of, 26, 26! 
biomechanicsof,115,115f 

Elbow block, 31-32, 3'1/ 
Elbow dislocations, 129-130, 139-142 

anterior, 140, 141 
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complications of, 141/, 142 
definitive management of, 140--141 
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Elbow fractures. See also Humeral 
fractures, distal 

bicolumn, intraarticular, 123-127 
classification of, 124, 124/ 
complications of, 127 
definitive management of, 

124-127,125/ 
diagnosis and initial management 

of, 124 
capitellar. See Capitellar fractures 
of coronoid process. See Coronoid 

fractures 
of olecranon. See Olecranon 

fractures 
of radial head. See Radial fractures, 

of head 
single-column, 120-121 

c1assffication of, 120, 12Qf, 121/ 
definitive management of, 

120-121,121/ 
Elbow instability 

with coronoid fractures, 139 
radial head fractnres with, 132-134 

Elite athletes, sport -specific injuries in, 
413-414 

Epiphysis, 41 
Essex-Lopresti injury, 147-148, 151 
Exposure, assessment of, with multiple 

injuries, 2 
Extensor compartment, of forearm, 

145 
Extensor expansion, of elbow, 114 
Extensor hood, 201 
External fixation, 17-19, 18/ 
Extraarticul.ar fractures, 41 
Extracellular matrix proteins, 

expression during fracture 
healing, 53 

Extremities. See also Lower extremity; 
Upper extremity 

mangled, 6-7 
Extrinsicligaments,176f, 176-177 

F 
Facet injuries, 232,233/,234,237, 

237f, 238 
Facet joint capsule, 218 
Fatigue fractures, 45 

of proximal femur, 276 

Female athletes, sport-specific injuries 
in,411-413 
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anatomy and, 304 
classification of, 304, 305/ 
distal. See Distal femoral fractures 
malunion of, 302 
nonunion of, 302 
proximal. See Proximal femoral 

fractures 
stress or fatigue, 276 

Femmal head fractures, 276-279 
classification of, 276-277, 277/ 
complications of, 278 
diagnosis of, 277 
management of, 277-278, 278/ 
prognosis of, 279 
radiographic examination of, 277 

Femoral head injury, of articular head, 
with acetabular fractures, 259 

Femmal nailing, retrognode, 17 
Femoral neck, central axis of, 266, U1f 
Femoral neck fractures 

complications of, 274 
with femoral shaft fractures, 295, 296 
hemiarthroplasty and total hip 

replacement for, 273-274 
complications of, 273-274 
implants for, 273, 273/ 
indications for, 274 
technique for, 273 

high-energy, 275-276 
classification of, 275, 275/ 
complications of, 276 
definitive management of, 

275-276 
diagnosis and initial management 

of, 275 
indications in treatment of, 274 
low-energy, 266-'lfJ9 

classification of, U1f-269f, 
267-269 

diagnosis of, 270 
etiology of, 266-267 
historical perspectives in treatment 

of, 271 
initial management of, 270f, 

270-271 
tteatment of, 271-275, 274f, 273! 

nonunion of, 291 
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anatomic reduction and, 272 
complications of, 272-273 
indications for, 274 
surgical technique for, 272, 272/ 

proximaL sport-specific, 418-419 
stress, sport-specific, 418-419 
total hip replacement for, 273-274 

Femoral shaft, central axis of, 266, 267/ 
Femoral shaft fractures, 293--303 

anatomy and, 293, 294/ 
classification of, 294/. 294-295 
~licationso~302-303 

definitive management for, 297-302 
external fixation as, 299 
intramedullary nailing as, 299f, 

299-302, 30Qf 
plating as, 297-298 

diagnosis and initial management of, 
295 

external fixation for, 299 
historical perspective on treatment 

of, 296-297 
injuries associated with, 295-296 
intramedullary nailing for, 299/. 

299-302, 30Qf 
antegrade technique for, 300--301, 

301/ 
complications of, 302 
flexible, 300 
retrograde technique for, 301-302 
rigid, 300 

plating for, 297-298 
Femur, anterior bow of, 293 
Fentanyl, 28 
Fibroblast growth factor 

in fracture healing, 60 
fracture healing regulation by, 54 

Fibrous nonunion, 54 
Fibrous union, 4 7 
Fibular fractures 

diaphyseal, 340-352 
anatomy and, 340-341, 341/ 
classification of, 341, 34:lf 
clinical history and examination 

for, 342--344 
complications of, 34&--350 
epidemiology of, 341-342 
injuries associated with, 344 
isolated, 350--351 
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open, 348 
radiologic studies of, 343, 343/. 

343t 
displaced, 366 
nonunion of, 369 
surgical treabnent of, 367 

Fight bites, 202, 203 
Fixation, loss of, with olecranon 

fnurtui<o, 135-136 
Fixed hand unit, 177, 178/ 
Flexion-distraction injuries, spinal, 216, 

239, 23'if 
Fluoroscopy, 40 
Foot injuries, 386-409 

of forefoot, 403-408 
classification of, 404/, 404--405 
complications of, 408 
definitive management of, 406/. 

406-408, 407/ 
diagnosis and initial management 

of, 405f, 405-406 
injuries associated with, 406 

of hindfoot, 386-401. See also 
Achilles tendon injuries; 
Calcaneal fractures; Subtalar 
dislocation; Talar fractures 

ofmidfoot, 401/,401-403 
classification of, 401-402 
complications of, 403 
definitive management of, 

402-403 
diagnosis and initial management 

of, 402 
sport-specific, 42Qf, 420-421, 421/ 

Forearm fractures, 144-154 
anatomy and, 144-146, 145/ 
classification of, 146f-148f, 146-148 
complications of, 152--154, 153/ 
definitive management of, 149-152 

for complex injuries, 150--151 
for open fractures of radius and 

ulna, 151-152 
for simple injuries, 149-150 

diagnosis and initial management of, 
149 

injuries associated with, 148-149 
malunion of, 152-153, 153/ 
nonunion of, 152 

Forefoot injuries, 403--408 
classification of, 404/, 404-405 
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Forefoot injuries (Cont.) 
complications of, 408 
definitive management of, 406/. 

4116-408, 401f 
diagnosis and initial management of, 

4115/. 4115-406 
injuries associated with, 406 

Fracture alignmen~ 43/. 43-44, 44f 
Fracture evaluation and care, 3-5 
Fracture healing, 46-47, 49--54 

G 

clinical anatomy of, 49 
extracellular matrix protein 

expression during, 53 
factors inftuencing, 54, SSt 
failure of, 54 
head injury and, 59 
histologic types of, 50 
p<Unary,49,50-51 

cancellous, 51, 52! 
cortical, 51 

regulation of, 53-54, 54t, SSt 
secondary, 50,51-53, 56! 
systemic enhancement of, 59 
tissue engineering of, 59-60 

Galeazzifractures,l46-147,148f, 151 
Gamekeeper's thumb, 212, 213/ 

definitive management of, 214 
Gene therapy, in fracture healing, 60 
Genitourinary injuries 

with acetabular fractures, 259 
with pelvic ring fractures, 252 

Gilula's lines, 183, 184f 
Glenohumeral dislocation, 75, 77-83 

acute, 78 
anterior, 77, 78f 
atraumatic, 79 
chronic, 78 
diagnosis and management of, 80--83 

for acute dislocations, 80--81 
for chronic dislocations, 83 
for recurrent instability, 82-83 

functional anatomy and, 75, 77, 77! 
inferior, 77, 79f 
injuries associated with, 79-80 
involuntary, 79 
microinstability and, 79 
posterior, 77, 78f 

traumatic, 79 
voluntary, 79 

Glenohumeral ligaments, 75, 77 
Glenohumeml subluxation, 78 
Glenoid anatmny, 75, 11j 
Glenoid fractures 

intraarticular, 92 
ofnock, 91, 92f 

Glenoid labrum, 75 
Gluteal artery 

inferior, 248 
superior, 248 

Greater-arc injuries, 180, 18Qf 
Greater tuberosity anatomy, 75 
Greaw tubero,;ty fracturea, 67f, 67--68 
Greenstick fractures, 41, 4'1/ 
Growth and differentiation factors, 

fracture healing regulation by, 
53 

Growth hormone, for enhancement of 
fracture healing, 59 

Gunshot wounds, 221 
Gustillo-Anderson classification, 6 

H 
Halo vest, 235, 235/. 236 
Hamate fractures, 196 
Hamstring oompartmen~ 293, 294/ 
Hanging arm cas~ for homeral shaft 

fracturea, 104-105, !05f 
Hangman's fracture, 225-226, 226f 

definitive management of, 231 
initial management of, 229-230 

Hawkins sign, 387 
Head injury, 5 

fracture healing and, 59 
Healing, of fractures. See Fracture 

healing 
Hemarthroses, with fractures, 46 
Hematoma, in secondary fracture 

healing, 51 
Hematoma block, 33, 35 
Hemiarthroplasty 

for femoral neck fracturea, 273-274 
for proximal humeral fractures, 7'lf, 

72-73, 73t 
Heterotopic ossification 

following elbow dislocation, 141/. 
142 



with forearm fractures, 153 
with hip dislocations, 262 
with proximal humenol fractures, 74 

Hill-Sachs lesion, 79--80 
Hindfoot injuries, 386-401. See also 

Achilles tendon injuries; 
Calcaneal fractures; Subtalar 
dislocation; Talar fractures 

Hip, aspiration of, 25--26 
Hip dislocations, 261-262 

anterior, 261 
classification of, 261 
complications of, 262 
definitive management of, 262 
diagnosis and initial management of, 

261-262 
with femoral shaft fractures, 295, 296 
injuries associated with, 261 
obturator, 261 
posterior, 261 

Hip fractures. See Femoral neck 
fractures 

Hip instability, chronic, with hip 
dislocations, 262 

Hippocratic method, for glenohumeral 
dislocations, 81 

Humeral fractures 
distal, 116-120 

classification of, 116, 116t 
complications of, 119 
definitive management of, 117/, 

117-120,1181,11\lf 
diagnosis and initial management 

of, 116--117 
.. ~. 118~ 118-119, 11\lf 
injuries associated with, 117 
of lateral epicondyle, 117 
of medial epicondyle, 117-118 

proximal, 62-75 
anatomy of, 62, 63/ 
antograde intramedullary nailing 

for, surgical neck, 69, 69f 
cerclage wires, 72 
classification of, 63t, 63--64, 64/ 
clinical history and examination 

for, 65 
complications of, 74-75 
epidemiology of, 64--65 
fracture dislocations and head-

splitting fractures, treabnent of, 
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73 
greater tuberosity, 67/, 67-68 
impacted valgus fractures, 
~ento4 73-74 

injuries associated with, 65 
intramedullary nalling foc, 72 
K wires for, 68, 72 
lesser tuberosity, 70, 71/, 71t 
malunion of, 74 
mininlally diaplaced, 66, 67f 
nonoperative treatment of, 71-73, 

7'1/. 731 
nonunion of, 74 
percutaneous screw :fixation for, 72 
plating foc, 69, 71-72 
radiological examination for, 65, 

66/, 66t 
of surgical neck. 68-70 
surgical neck, 681, 68-70, 6!if, 7cy' 
of surgical neck. translated, 68t, 

68-69 
of surgical neck. two-part varus 

impacted, 69-70, 7cy' 
suturing for, 72 
tendon banding for, 72 
~ento466-70, 75, 76t 

Humeral shaft fractures, 100-112 
anatomy and, 100 
classification of, 100--101, 101/, l<w' 
complications of, 110--111 
diagnosis of, 102 
functional brace for, 105-106, 106/ 
injuries associated with, 102--103 
intramedullary nails for, lOS-110, 

109/, llcy' 
malunion of, Ill 
management of, 103-110 

adduction casting/bracing for, 106 
definitive, 104 
external fixation for, 103, 104/ 
initial, 103, 103/, 104/ 
intramedullary nailing as, 

108-110, 109/, 110/ 
nonoperative, 104-105, 105/, 106/ 
operative, 106--110 
plate osteosynthesis for, 107f, 

107-108 
nonunion of,110--111 
plate osteosynthesis for, 107/, 

107-108, 110 
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Humeral shaft fractures (Cont.) 
rehabilitation for, 111 
skeletal traction for, 106 
Velpeau dressing for, 106 

lfumerus 
anatomic neck of, 75 
proxima.l, anatomy of, 75 
surgical neck of, 75 

Hybrid frames, 299 
Hypertrophic nonunion, 47, 54 
Hypovolemic shock, with multiple 

injuries, 2 

I 
iliac artery, 248 
lliosacrallag screws, percutaneous, 254 
Impaction, of fractures, 44, 44f 
Impending fractures, 45 
Incomplete fractures, 41 
Indirect signs of fractures, 46, 47/ 
Infected nonunion, 47 
Infection 

with femoral fractures, 303 
following ankle fractures, 369 
with forearm fractures, 153 
with humeral shaft fractures, 111 
with olecranon fractures, 135-136 
with pilon fractures, 383-384 
with proximal tibial fractures, 330 
with tibial diaphysis fractures, 350 

Inflammation, in secondary fracture 
heating, 51 

Insufficiency fractures, 45, 46f 
Insulin-like growth factor 

in fracture healing, 60 
fracture healing regulation by, 54 

Internal fixation, 9-17 
cerclage wires for, 15 
implant metallurgy for, 9 
intramedullary nails for, 15-17, 17/ 
plates for. See Plates 
screws for. See Screws 
tension bands for, 15, 15/ 

Interosseous ligament 
of forearm. 144 
of pelvic ring, 248 

Interosseous membrane, of forearm, 
144 

Interosseous nerve, anterior, 145 

Interphalangeal dislocations, 405 
definitive management of, 408 

Interphalangeal joints, 404 
Interspinous ligament, 218 
Intertrochanteric fractures, with femoral 

shaft fractures, 295, 296 
Intervertebral discs, 219 
Intraarticular fractures, 41, 41f 
lntramedullarynails,IS-17,17! 

expandable, 109 
flexible, 16 

locking, 110 
rigid, 16, 109, 109/, llQf 

Intravenous regional anesthesia, 29/, 
29-30 

Intrinsic ligaments, 175-176, 176/ 
Itching, with casts and splints, 22 

J 
Joint ankylosis, with pilon fractures, 

384 
Joint dislocation, 44, 45/ 
Joint effusions, with fractures, 46, 47/ 
Jones fractures, 404 

K 
Knee, ligamentous injuries around, 

with femoral shaft fractures, 
295,296 

Knee dislocations, 314-321 
anatomy and, 314 
classification of, 314--315 
complications of, 321 
definitive management of, 317-320 

closed management in, 318 
surgical, 318-320, 319/ 
thningof, 317-318 

diagnosis and initial management of, 
316,316/ 

initial management of, 317 
injuries associated with, 315, 315/ 
radiographic examination of, 317, 

317! 
rehabilitation for, 321 

Knee injuries 
extensor. See also Patellar fractures 

patellar dislocations, 337 
patellar ligament rupture, 338 



L 

quadricepsrupttrre,337-338,338f 
sport-specific, 419 

Lachman test. in knee dislocations, 316 
Lateral collateral ligament complex, of 

ankle, 356 
injwdesof,370-373 

classification of, 370 
complications of, 372/, 373 
definitive management of, 372 
diagnosis and initial management 

of, 370-371 
differential diagnosis of, 371 

Lateral cutaneous nerve block, 32, 3'1/ 
Laxity, residual, with knee dislocations, 

320 
LeFort ftacture, of ankle, 357, 366 
Length discrepancy, with fractures, 43 
Lesser-arc injuries, 180, 18(if 
Lesser tuberosity 

anatomy of, 75 
fractures of, 70 

anatomic neck, 70 
three- and four-part, 70, 7lj, 7lt 

Less invasive stabilization system, 14, 
144 

Ligament(s). See also specific ligaments 
of ankle, 354-356, 355! 
examination of, 4 

in knee dislocations, 316, 316/ 
of knee, injury of. See Knee 

dislocations 
Ligamentous complex, of ankle, 357 
ligamentous instability, following 

elbow dislocation, 141f, 142 
Ligamentum fl.avum, 218 
Umb salvage, for mangled extremities, 

7 
Limited-contact dynamic compression 

plates, 11-12, 1'1! 
Linea aspera., 293 
Lipohemarthroses, with fractures, 46 
Lisfranc join~ 403--4{)4 

dislocation of, 404, 404/ 
definitive management of, 406, 

406! 
posttraumatic arthritis of, 408 

"Little Leaguer's shoulder," 417 
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Locking plates, 14, 144 

Longillldinal =h. 401 
Lon¢1lldinal ftactures, 43 
Longillldinalligament 

anterior, 218 
posterior, 218 

Longitudinal splints, with casts, 21 
Long leg casts, 21 
Loss of fixation, with olecranon 

fnKrtures, 135-136 
Loss of motion, with radial head 

fnKrtures, 133-134 
Lower extremity 

casting of, 21 
splinting of, 22 
sport-specific injuries of, 419-420 

Lower extremity casts, 21 
Lumbar spine injuries. See Spinal 

fractures and dislocations, 
thoracic and lumbar 

Lumbosacral artery, 248 
Lumbosacral plexus, 248 
Lunate ftactnres, 195 
Lunotriquetral ballottement, 183 
Lunotriquetral interosseous ligament, 

176 
Lunotriquetral shear test, 183 
Luxatio erecta, 77, 79f 

management of, 81 

M 
Magnetic resonance imaging, 38--39, 

39! 
Malleolus, medial, 353 

fractures of, 366 
sport-specific, 420 
surgical treabnent of, 367-368 

Mallet linger, 206 
definitive management of, 210, 

211/ 
Malunion, 48 
Mangled extremities, 6-7 
March fracture, 414 
Master's athletes, sport-specific injuries 

in,413 
McLaughlin procedure, for 

glenohumeral dislocations, 82 
Medial collateral ligament, 314. See 

also Knee dislocations 
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Medial compartment, of thigh, 293, 

294! 
Median nerve block, 30-31, 31/. 3'lf 
Medical antishock trousers, for pelvic 

ring fractures, 252 
Meniscal injuries, with proximal tibial 

fractures, 324 
Meperi<tine, 28 
Metacarpal anatomy, 201 
Metacarpal fractures, 201-205 

of bases, 202, 203, 203/, 204 
classification of, 201-202, 20'lf, 203/ 
complications of, 205 
definitive management of, 204/. 

204-205 
diagnosis and initial management of, 

202-203 
diaphyseal, 203, 204/, 204-205 
extraarticular, of first metacarpal, 

definitive management of, 
213-214 

of head, 202, 203, 205 
injuries associated with, 203 
malunion of, 205 
of neck, 202, 205 
nonunion of, 205 
spiral, 203 

Metacarpophalangeal joints 
anatomy of, 201, 202/ 
arthritis of, with metacarpal fractures, 

214 
dislocation of, 211 

Metadiaphysis, 41 
Metaphysis, 41 
Metastatic fractures, tibial, 351 
Metatanal fractures, 404-405 

of fifth metatarsal 
avulsion, 404-405 

sport-specific, 421, 421/ 
of fifth metatarsal base, definitive 

lllllllllgODlOlt of, 407, 4<Yif 
of first metatarsal, definitive 

management of, 405-406 
malunion of, 408 
of shaft, sport-specific, 42ll-421 

Metatarsophalangeal joints, 404 
dislocation of, definitive management 

of, 408 
Methylprednisolone, for spinal injuries, 

223-224 

Midazolam (Versed), for minimal 
sedation, 28 

Midcarpal shift tes~ 183 
Midfoot injuries, 401/, 401--403 

classification of, 401-402 
complications of, 403 
definitive management of, 402--403 
diagnosis and initial management of, 

402 
Minimal sedation, 28 
Moderate sedation, 28 
Monteggia fractures, 146, 147/. 150 
Morphine, 28 
Motion, loss of, with radial head 

fractures, 133-134 
Multiple-system injuries, 1-8,3-5 

compartment syndrome and, 5-6 
evaluation and management for, 1-5 
head injury and, 5 
mangled extremities and, 6-7 
opeo fractures and, 6 

Muscles, of forearm, 144--145, 145/ 
Myositis ossificans, with fractures, 48 

N 
Nails, intramedullary, 15-17, 17/ 

expandable, 109 
flexible, 16 

locking, 110 
rigid, 16, 109, 109/, llQf 

Navicular, 401 
Navicu!M fractures, 401-402, 402-403 

stress, sport-specific, 420, 42Qf 
Nerve blocks, 30-33 

ankle, 32-33, 33/, 34f 
digital, 20, 2Qf 
elbow, 31-32, 3'1/ 
wris~ 30-31, 31/ 

Nerve injuries 
with acetabular fractures, 259 
with distal femoral fractures, 306 
with forearm fractures, 153 
with glenohumeral dislocations, 80 
with humeral shaft fractures, 

102-103 
with knee dislocations, 315 
with proximal humeral fractures, 

74-75 
with proximal tibial fractures, 324 



Neuritis, with pelvic ring fractures, 255 
Neurogenic shock, 2 
Neurologic examination, 4 
Neurovascular complications, of 

clavicular fractures, 89 
Neurovascular injuries, with femoral 

shaft fractures, 295-296 
Neutralization plating, 12, 13/ 
Nonreactive nonunion, 47 
Nonunion, 47, 41f 

atrophic, 54 
fibrous, 54 
hypertrophic, 54 

Nucleus pulposus, 219 

0 
Oblique fractures, 43 
Occipital condyles, 226 
Odontoid frac1mes, 224-225, 225/ 

definitive management of, 230--231 
Olecranon fractures, 134--136 

classification of, 134/, 134-135 
complications of, 135--136 
definitivemanagemento~ 135,136/ 
diagnosis and initial management of, 

128-129 
nonunion of, 135--136 

Olecranon pins, 24, 24/ 
Open fractures, 6, 41 

Gustillo-Anderson classification of, 6 
Opioids, 28 
Ossification 

ectopic, with coronoid fractures, 139 
heterotopic 

following elbow dislocation, 141f, 
142 

with forearm fractures, 153 
with hip dislocations, 262 
with proximal humeral fractures, 

74 
Osteoarthritis 

following ankle fractures, 369 
with forearm fractures, 154 
with fractures, 48 

Osteochondml grafts, allogenic, 56-57 
Osteogenesis, 56 
Osteoillduction, 54, 56 
Osteomyelitis, nonunion and, 47 
Osteonecrosis, with fractures, 48 

INDEX 435 

Osteoporosis, disuse, with fractures, 48 
Ottawa rules, 363-364 

p 
Pam 

with coronoid fractures, 139 
with radial fractures, distal, 171 

Parathyroid hormone 
for enhancement of fracture healing, 

59 
fracture healing regulation by, 54 

Patellar dislocations, 337 
Patellar fractures, 332-339 

anatomy and, 332 
biomechanics and, 332 
classification and nomenclature for, 

332,333/ 
complications of, 337 
initial management of, 333 
injuries associated with, 333 
mechanism of injury and, 332-333 
of patellar apex, treatment of, 335, 

336/ 
physical examination for, 333 
radiographic examination of, 334 
treatment of 

nonsurgical, 334, 334f 
parellectomy for, 335-336, 336/ 
pos~tive,336-337 

surgical, 334-335, 335J, 331\f 
Patellar injuries, cannulated screws for, 

335,335/ 
Patellar ligament injuries, with distal 

femoral frac1mes, 304 
Patellar ligament rupture, 338 
Patellecbnny,335-336 

partia1,335-336 
total, 336, 336/ 

Pathologic fractures, 45, 46f 
Pelvic injuries, sport-specific, 418 
Pelvic ring 

anatomy of, 2A8, 2A9f 
anterior column of, 248, 2A9f 

Pelvic ring fractures and dislocations, 
249-255 

with acetabular fractures, 259 
classification of, 2A9--251, 250/. 

251/ 
complications of, 255 
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Pelvic ring fractures and dislocations 
(Cont.) 

definitive management of, 252-255, 
253/ 

external fixation technique for, 253 
open reduction and internal 

fixation technique for, 253 
percutaneous iliosacrallag screws 

for, 254 
posterior fixation technique for, 

254 
for posterior iliac fractures, 254 
for rotationally unstable fractures, 

252-253,253/ 
for sacral fractures, 254--255 
sacroiliac joint stabilization for, 

254 
for vertically unstable fractures, 

253 
diagnosis and initial management of, 

251-252 
with femoral shaft fractures, 295, 

296 
injuries associated with, 252 
malunion of, 255 

Peptide signaling molecules, in fracture 
healing, 60 

Percutaneous plating, 14 
PerillllllliO dislocations, 179/-1 8 If, 

179-180 
initial management of, 188 

Periosteum, fracture healing and. 49, 
50! 

Peroneal nerve injuries 
with distal femoral fractnres, 306 
with knee dislocations, 315 
with proximal tibial fractures, 324 

Peroneal tendonitis, following calcaneal 
fractures, 400-401 

Phalangeal fractures, 205-212, 405 
complications of, 212 
definitive management of, 207/-211/, 

207-212,407,407! 
diagnosis and initial management of, 

206-207 
distal, 206 

definitive management of, 211 
of dorsal lip, definitive 
~entot210,211f 

malunion of, 212 

nonunion of, 212 
proximal, 205-206 

definitive management of, 
201!-209!. 207-208 

Phalanges 
middle, anatomy of, 201 
proximal, anatomy of, 201 

Physical examination, 3-4 
Physis, 41 
Pilon fractures, 374-385 

classification of, 375-377, 377/ 
complications of, 383-384 
definitive treatment of, 377-382 

external :fixation/limited ORIF as, 
378-379, 379/ 

nonoperative, 378 
percutaneous plating as, 382, 383/ 
plating of fibula as, 380 
staged ORIF as, 38Qf, 380--381 
surgical approaches for, 381/, 

381-382, 387f 
diagnostic imaging of, 375, 38fU 
historical background of, 374 
initial management of, 377 
malunion of, 384 
mechanism and pathoanatomy of, 

374 
nonunion of, 384 
physical examination for, 375, 375/ 
plating of, 380 
postopemtive ~ent for, 383 
treatment decisions for, 382-383 

Pins, for skeletal traction, 23--24, 24/ 
Pisiform fractures, 196 
P1afond. of ankle, 353 
Plantar fasciitis, following calcaneal 

fractures, 400 
Platelet-derived growth factor 

in fracture healing, 60 
fracture healing regulation by, 54 

Plates, 11-12, 12/ 
buttress, 12, 13/ 
plating methods for, 12, 13/, 14, 14f 

Plating methods, 12, 13/. 14, 14{ 
Poirier, space of, 177 
Polyglycolic acid polymers and 

composites, for bone grafting, 58 
Popliteal artery injuries 

with distal femoral fractures, 
305-306 



with knee dislocations, 315, 315J, 
316 

with proximal tibial fractures, 324 
Posterior column of, 248, 249f 
Posterior compartmen~ of thigh, 293, 

294/ 
Posterior cord syndrome, 220 
Posterior cruciate ligament, 314. See 

also Knee dislocations 
Pressure sores 

with casts, 22 
with splints, 22 

Primacy fracture healing, 49, 50-51 
cancellous, 51, 52/ 
ccrtical, 51 

Proximal femoral fractures 
exttacapsub<,281-292 

anatomy and, 281 
center of, 281 
centromedullary nails for, 289 
cepha1omedullary nails for, 289 
classification of, 281-283, 282J, 

283/ 
complications of, 291 
diagnosis and initial management 

of, 285 
dynamic condylar screws for, 

287-288, 288/ 
extramedullary devices for, 

286-288, 287/. 288/ 
indications in use of various 

:fixation devices for, 290, 291/ 
injuries associated with, 284--285 
intertrochanteric, 282 
int.ramedullary devices for, 

288-290,289/ 
int.ramedullary hip screws for, 

289/. 289-290 
intramedullary nails for, 288-290 
nonoperative management of, 

285-286 
pathophysiology of, 283-284, 284/ 
pertrochanteric, 282 
reconstruction nails for, 289 
sliding compression screw-plate 

for, 286--287 
subttuchanteric,283,284f 
surgical management of, 286--290 
trochanteric,282-283,284f 

intracapsular, 264-280 
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anatomy and, 264-266 
blood supply of, 264, 265/ 
boue structure of, 264-266, 266/ 
central axis and alignment index 

and, 266, 267/ 
gross anatomy and, 264, 265/ 
high-energy, of femoral neck. See 

Femoral DOCk fractures, high­
energy 

low-energy, offemoml neck. See 
Femoral neck fractures, low­
energy 

Proximal interphalangeal joint 
anatomy of, 201 
dislocation of, 211 
fractures of, 206 

definitive management of, 208 
Pseudarthrosis, 47, 54 

Q 
Quadriceps compartmen~ 293, 294/ 
Quadricepsrupnue,337-338,338/ 

R 
Racquet sports, upper extremity sport 

injuries due to, 417-418 

Radial artery' 145 
Radial fractures 

of head, 130--132 
anconeus approach for, 131 
classification of, 130, 13(Vo 131/ 
definitive management of, 

131-132, 13:lf, 133/ 
diagnosis and initial management 

of, 127-128 
with elbow instability, 132-134 

open, 151-152 
Radial nerve block, 31 
Radial nerve injuries, with humeral 

shaft fractures, 102-103 
Radial nerve palsy, with humeral shaft 

fractures, 111 
Radial shortening, with radial head 

fractures, 134 
Radiocarpal dislocations, 180, 182 

definitive management for, 192 
Rod[ognaphy,36,37f 
Radiological evaluation., 36-48 
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Radiological evaluation (Cont.) 
imaging modalities for, 36-40 
terminology used in, 41-48 

Radionuclide bone scans, 39-40, 4Qf 
Radioulnar deviation, 159 
Radioulnar joint dislocations, distal, 

172-174 
anatmny and, 172 
complications of,173f,174 
imaging studies of, 173 
initial diagnosis of, 172-173 
initial management of, 173-174 

Radioulnar synostosis, with olecranon 
frac1mes,135-136 

Radius 
anatomy of, 144 
distal 

anatmny of, 155, !56f-!58f, 
157-158 

fractures of. See Distal radial 
frac1mes 

Reactive nonunion, 47 
Reagan's test, 183 
Reflex sympathetic dystrophy, 48 

with radial fractures, 171 
Regional anesthesia, 28-35 

Bier block for, 29/. 29-30 
hematoma block for, 33, 35 
nerve blocks for, 3Qf-34f, 30-33 

Regional pain syndrome, with fractures, 
48 

Retrogmde femoral nailing, 17 
Rib injuries, sport-specific, 417 
Rolando fracture, 212 

definitive management of, 213, 214/ 
Rotary instability, posterolateral, with 

knee dislocations, 320 
Rotation, of fracture fragments, 44 
Rotator cuff muscles, 77 

pseudoparalysis of, 90 

s 
Sacral fractures, definitive management 

of, 254-255 
Sacral spine fractures and dislocations, 

244-246 
clinical signs of, 244-245 
complications of, 246 
definitive management of, 246 

diagnosis and initial management of, 
245-246 

injuries associated with, 246 
Sacral venous plexus, 248 
Sacroiliac joint stabilization, 254 
Sacroiliac ligaments, 248 
Sacrum, 218 
Saphenous nerve block, 33, 33/ 
Sauve-KapandjiprocedW"e,173.f. 174 
Scaphoid, 177-178 

ftachuosof, 193-195,194/ 
definitive management of, 

197-198 
Scaphoid-shift tes~ 182-183 
Scapholunate angle. radiographs of, 

185, 185f, 186/ 
Scapholunate interosseous ligament, 

176 
Scapular fractures, 89-93 

of acromion, 91 
of body and spine, 91 
classification of, 90, 9Qf 
complications of, 93 
of coracoid process, 91-92 
definitive management of, 91-93, 

9'1! 
diagnosis and initial management of, 

9()..91 

extraarticular, of glenoid neck, 91, 

9'1! 
injuries associated with, 91 
intraarticular, of glenoid, 92 

Sciatic nerve, 293, 294/ 
Sciatic nerve injury, with acetabular 

frac1mes, 259 
Scintigr.ophy,39-40,4Qf 
Screws 

anatomy of, 10, 1 Qf 
applications for, 10-11, 11/ 
compression, dynamic, 15, 16/ 
dynamic compression, 15, 16/ 
tapping and, 10 

Secondary frachuo healing, 50, 51-53, 
56! 

"Second hi~" 4 
Sedation 

deep,28 
minimal, 28 
moderate (conscious), 28 

Segmental fractures, 43 



Shock, hypovolemic, with multiple 
injuries, 2 

Short arm casts, 21 
Short leg casts, 21 
Shoulder, aspiration of, 25!. 26 
Simple fractures, 41 
Singh index, 285 
Skeletal traction, 23-24, 24/ 
Skin traction, 23 
Smith fractures, 162, 163/ 

definitive treatment of, 165-167, 167/ 
Soft tissues 

fracture healing and, 49, 5Qf 
swelling of, with fractures, 46 

SpaceofPoirier, 177 
Spinal cord injuries, 220--222 
Spinal fractures and dislocations 

burst :fractures, 216 
cervical. See Cervical spine fractures 

and dislocations 
compression fractures, 216 
diagnosis and initial management of, 

221-222 
:flexion-distraction injuries, 216 
fracture-dislocations, 216 
initial management of, 223-224 
neurologic injuries with, 219-221, 

220t 
radiographic examination of, 

222-223 
sacral, 244-246 

clinical signs of, 244-245 
complications of, 246 
definitive management of, 246 
diagnosis and initial management 

of, 245-246 
injuries associated with, 246 

thoracic and lumbar, 238/-240/, 
238-244 

complications of, 244 
compression, 238, 238/ 
definitive management of, 

241-244 
diagnosis and initial management 

of, 239-241, 24Qf 
injuries associated with, 241 
sport-specific, 417,418 

Spinal instability, 219 
Spine 

anatomy of, 216-219 

INDEX 439 

cross-sectional, 216-217,217/, 
2171 

ligamentous, 218-219 
osseous, 217-218 

anterior column of, 216 
biomechanics of, 219 
cervical, anatomy of, 217-218 
lumbar, cervical, 218 
middle column of, 216 
posterior column of, 216 
thoracic, cervical, 218 

Spiral fractures, 43 
Splinting,20,22 

complications of, 22 
rules for, 20 
techniques of, 22 

Splints, longitudinal, with casts, 21 
Spondylolisthesis, of axis, traumatic, 

225 
definitive management of, 231 
initial management of, 229-230 

Sport-specific injuries, 410-422, 411/ 
of cervical spine, 416-417 
in child athletes, 413 
in elite athletes, 413-414 
in female athletes, 411-413 
of foot, 42Qf, 420-421,421/ 
of knee, 419 
ofleg and ankle, 419-420 
of lumbar spine and pelvis, 418 
in master's athletes, 413 

pa~sof,410,412t 

of proximal f=. 4111-419 
sttessfractures,414-415,41~ 

of thoracic spine and ribs, 417 
of upper extremity, 417-418 

Stainless steel, for fracture implants, 9 
Sternal-occipital-mandibular 

immobilizer,235,235f 
Sternoclavicular joint 

anatomy of, 85-86 
injuries of, 93--95 

classification of, 93 
definitive management of, 94-95 
diagnosis and initial management 

of, 93-94, 94!. 95! 
injuries associated with, 94 

Stiffness 
of elbow, with coronoid fractures, 

139 
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Stiffness (Cont.) 
with phalangeal fractures, 212 

Stimson's method, for glenohumeral 
dislocations, 81 

Sttessfractures,45,46f 
of femoml neck. sport-specific, 

418--419 
of proximal femur, 276 
as sport-specific injury, 414-415, 

41'lf 
tibial, 351, 351! 

Subluxation, 44 
Subsidence, with proximal tibial 

fractures, 330 
Subtalw dislocation, 391-393 

lllllltmny and, 391 
classification of, 391 
complications of, 393 
definitive management of, 392 
diagnosis and initial management of, 

391-392, 397! 
injuries associated with, 392 

Superficial peroneal nerve block, 33, 
33f 

Supraspinous ligament, 218 
Sural nerve block, 33, 34f 
Sustentaculum tali fractures, 396, 400 
Synostosis, mdioulnar, with olecranon 

fractures, 135-136 

T 
Tahu fractures, 386-391 

anatomy and biomechanics of, 
386-387, 387f 

complications of, 390-391 
definitive management of, 388f, 

388-390, 39Qf 
diagnosis and initial management of, 

387-388 
displaced, 388f, 388-389 
injuries associated with, 388 
oflateral process, 389 
nondispl.aced, 388, 389 
nonunion of, 391 
ostoochondnd,389-390,39Qf 
of posterior process, 389 
oftalarbody, displaced, 389 
of talar head, 389 

Talus, 353 

Teardrop fractures, 232, 234, 236, 
237-238 

Tendons. of ankle. 356 
Tension bands, 15, 15f 
Tension-band wiring, for patellar 

injwies, 335, 335/ 
Thigh, compartments of, 293, 294/ 
Thoracic spine injuries. See Spinal 

fractures and dislocations, 
thoracic and lumbar 

Throwing injuries, 417-418 
Thumb 

complications of, 214 
definitive management of, 213-214, 

214f 
diagnosis and initial management of, 

212-213 
fracbuosof,212-214,213f 

Tibial fractures 
of anterior cortex, sport-specific, 

419-420 
diaphyo>U,340-352 

anatomy and, 340-341, 341/ 
classification of, 341, 342/ 
clinical history and examination 

for, 342-344 
complications of, 348-350 
epidemiology of, 341-342 
external :fixation for, 345-347, 

346f, 346t 
injuries associated with, 344 
intramedullary nailing for, 344t, 

344-345, 345f, 345t 
iaolared, 350, 350t 
malunion of, 349 
metastatic, 351 
nonoperative treatment of, 

347-348, 348t 
nonunion of, 348-349 
open. 348 
plating for, 347, 347f, 347t 
mdiologic studies of, 343, 343/, 

343t 
stress, 351, 351/ 
Ueabnento~344-348 

treatment of protocol for, 352, 
352t 

of pilon. See Pilon fractures 
of posterior process, 357-362, 363/ 
proximal, 322-331 



anatomy and, 322 
bicondylar, 323, 327 
classification of, 322-324, 323/ 
complications of, 329-330 
definitive management of, 

325-329 
depression, 326 
diagnosis and initial management 

of, 324-325, 325/ 
injuries associated with, 324 
knee-spanning ex:temal fixators 

fo•, 325, 325/ 
Iareral depression, 323 
malunion of, 330 
medial plateau, 323, 326-327 
nonoperative treatment of, 

326-329,327f-32Qf 
nonunion of, 330 
plateau, associated with fracture of 

proxjma1 metaphyseal 
diaphyseal junction, 323-324 

rehabilitation for, 329 
spli~ 322-323, 326 
split-depression, 323, 326, 327/ 
of shaft, sport-specific, 419 

Tibial nerve block, 33, 34/ 
Tibial nerve injuries 

with distal femoral fractures, 306 
with knee dislocations, 315 
with proximal tibial fractures, 324 

Tibial tuberosity, 322 
Tibiofibular syndesmosis, 354, 366--367 
Tillaux-Chaput fracture, 357, 366 
Titanium, for fracture implants, 9 
Torus fracrures, 41, 41,{ 
Total hip replacement. 27'J-274 

recent developments in, 274-275 
Traction, 23-24 

slreletal, 23-24, 24! 
skin, 23 

Transduction, 60 
Transfection, 60 
Tnmsfomrlng growth facto!" 8 

in fracture healing, 60 
fracture healing regulation by, 53, 

54t 
Transscaphoid fracture-dislocations 

initial management of, 188 
perilunate, definitive management 

for, 192 

INDEX 441 

Transverse arch, 401 
Transverse fractures, 43 
Transverse ligament. 218 
Trnpezial fracrures, 195 
Triangular cartilage complex, 175 
Triquetral fractures, 195 
Triradiate approach, for acetabular 

fractures, 260 
Trochanteric fractures, isolated, 292 
Tucks, in cast material, 21 
Tumor necrosis factor-a., fracture 

healing regulation by, 53 

u 
Ulna 

anatomy of, 144 
fractures of, open, 151-152 
head of, excision of, 173/, 174 = artecy, 145-146 

Ulnar nerve block, 31 
Ulnar translocation, radiographs of, 

185, 185/ 
Ultrasound, 40 
Union, 47 
Uniplanar external :fixators, 18/, 19 
Upper extremity 

v 

casting of, 21 
splinting of, 22 
sport -specific injuries of, 417-418 

Valgus angulatiou, 43, 43/ 
Varus, malunion of, 390 
Varus angulation, 44, 44/ 
Varus malunion, 390 
Vascular endothelial growth facto~:, 

fracture healing regulatiou by, 
53-54 

Vascular examination, 3 
Vascular injuries 

with humeral shaft fractures, 103, 
111 

with pelvic ring fractures, 252 
vertebral body burst fractures 

oenncal,232,23'J-234,236,237 
thoracic and lumbar, 238/, 239, 

242-243 
Vertical fractures, 43 
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Vesical artery 

inferior, 248 
superior, 248 

Volar lip fractures, definitive 
DlliDll!lemeDI of, 21Qf, 20&-210 

Volkmann fracture, 357, 366 

w 
Wagstaffe fracture, 357 
Watson's maneuver, 182-183 
Weight bearing, upper extremity sport 

injuries due to, 417 
Weight lifting, upper extremity sport 

injuries due to, 417 
Wound breakdown, with pilon 

frac1mes, 383-384 
Wrist 

anatomy of and kinematics of, 
175-178, 176f-178f 

biomechanics of, 158-159 
kinematics and, 158, 158t 
of palmar flexion-extension, 

15&-159 
of radioulnar deviation, 159 

Wrist block, 30-31, 3lf 
Wrist dislocations, 178-193 

axial, 180, 181/ 
carpal instability dissociative, 179 
cmpal instability nondissociative, 

179 
classi.ficationof,178-179 
complications of, 193 
definitive management for, 188-193 

for axial dislocations and fracture­
dislocations, 193 

open reduction, ligament repair, 
and fixation as, 190--192, 191/ 

percutaneous pin-fixation 
technique as, 18!!{, 189-190 

for radiocarpal dislocation, 193 
for scapholunate dissociation, 192 
for transradial styloid perilunate 

fracture-dislocation, 192--193 

for transscaphoid perilunate 
fracture.dislocatioo, 192 

diagnosis of, 182-188, 183-188 
arthrography in, 187 
bond scans in, 187 
fiuoroscopy in, 185 
history in, 182 
magnetic resonance imaging in, 

187, 187/ 
physical examination in, 182-183 
radiographs in, 183, 184f-187f, 

185 
wrist arthroscopy in, 188 

with dorsal intercalated segment 
instability, 179 

initial management for, 188 
perilooate,179f-181f, 179-180 
radioC<Upal, 180, 182 
with volar intercalated segment 

instability, 179 
Wrist fracture-dislocations, axial, 180, 

181/ 
Wrist fractures, 193-199 

capitate, 195 
complications of, 199 
diagnosis of, 196-197 

bone scans in, 197 
computed tomography in, 197 
magnetic resonance imaging in, 

197 
radiographs in, 196-197 

hamate,!% 
looate, 195 
nonunion of, 199 
pisiform, 196 
scaphoid, 193-195, 194/ 

definitive management of, 
197-198 

trapezial, 195 
~to~ 197-199 

definitive management and, 
197-199, 198/ 

initial management and, 197 
ttiquetta!, 195 
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