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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 efforts 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 Pankovich 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. Virkus ~ 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



2 HANDBOOK OF FRACTURES

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 confirmed 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. This 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
adjusted based on the patient’s response as measured by heart rate, blood pres-
sure, and urine output. If hemorrhage is present and the patient’s hematocrit/he-
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 “trauma series” radiographs: lateral cervical spine,
AP chest, and AP pelvis. If the cervical spine radiograph does not adequately
visualize the C7/T1 junction, a swimmer’s view or CT 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 (hypotension, 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 tertiary survey is performed 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 Regard 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 (MVA), 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-energy 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? Certain occult life-threatening injuries are associated with
a high-energy type of MVA.

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-
tinent details of the social history include the use of tobacco, occupation, hand-
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, indicating an open fracture. It should be determined if foreign 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
limb? These should be rectified immediately by closed reduction and splint-
ing. Are there signs of a compartment syndrome or vascular disruption? Are
compartment pressure measurements indicated (unconscious patient, tense
compartment), or do we just go ahead with a fasciotomy? Ankle-brachial in-
dices (ABI) 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
confirm 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 plantarflexion). 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) Wounds 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 until 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 external 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 head
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 cm in length. This 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 cm that can be
closed primarily. Grade III fractures result from high-energy trauma. Grade
IITA fractures include segmental fractures, fractures with gross contamina-
tion, fractures with extensive periosteal stripping, and fractures with a soft
tissue injury longer than 10 cm but not requiring flap coverage. Grade I1IB
fractures require flap coverage for closure, and grade IIIC 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 has 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 II fractures and adding an aminoglycoside for grade III 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, and grade of injury. In general, low-grade fractures can be treated sim-
ilarly to closed fractures after adequate irrigation and debridement have been
performed. In grade III 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
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IIT 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 a functioning, 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 IIIC 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 III 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. Virkus ~ 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 Metallurgy

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 Anatomy

Screws vary based on certain specifics of their construction. The core diame-
ter of a screw is the diameter of the shaft of the screw without the threads (Fig.
2-1). This corresponds to the drill bit size used to create a pilot hole for the
screw. The outer diameter of a screw is the diameter across the threads. This
corresponds to the drill bit size used to create a glide hole. Screw sizes are
named according to their outer diameter. The pitch of a screw is the distance
between the threads. This is the distance a screw will advance with one full
revolution. Cortical screws have a shallow thread (smaller difference between
the core and outer diameter) and finer pitch to increase the contact area within
hard cortical bone. Cancellous screws are designed with deep threads (larger
difference between the core and outer diameter) and a coarse pitch (large dis-
tance between threads) to maximize their purchase in softer cancellous bone.
Screws are further differentiated by whether they are fully or partially
threaded. Holding strength is increased and insertional torque decreased when
grooves for the screw threads are created prior to screw insertion, a process
called tapping. Self-tapping screws have cutting flutes at their ends, which cut
grooves in the bone at the same time the screw is inserted.

Screw Applications

Screws can be used to provide compression across a fracture or to secure a
plate to the involved bone. Interfragmentary compression can be accomplished
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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 technigue.

with a partially threaded screw or, more classically, with a fully threaded screw
placed through a glide hole (a hole of the same diameter as the screw) (Fig.
2-2). The best compression is obtained when the screw is placed perpendicu-
lar to the fracture. Lag screws should not be placed less than three screw
diameters from the nearest cortical margin so as to minimize the risk of frag-
mentation of the nearby cortex and screw hole. Self-tapping screws and non—
self-tapping screws offer nearly the same holding power. The advantage of a
standard screw in a tapped hole is that it can be inserted into bone with greater
ease and precision, especially when lagging obliquely through a thick cortex.
Self-tapping screws cut new grooves into the bone each time they are inserted;
this can result in loosening of the screw if it is loosened or reinserted. Thus,
self-tapping screws 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 placement.

Plate Fixation

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

Limited-contact dynamic compression plates (LC-DCPs) have grooves on
their undersurface; these limit the interference with periosteal blood supply
and allow easier contouring between the plate holes. All plates, including DC
plates, can also be used to apply compression by using additional devices such
as clamps or tensioners. LC-DC plates come in small-fragment (3.5 mm) and
large-fragment (4.5 mm) sizes. Broad LC-DC 4.5-mm plates have staggered
holes designed to minimize the placement of multiple screws in a single plane,
thus possibly causing splintering or cracks in large, thick cortical bones. These
plates are used for the femur, tibia, and humerus. Narrow LC-DC 4.5-mm
plates are used for smaller tibiae and humerii. The LC-DC 3.5-mm plate is
used for fractures of the forearm, fibula, clavicle, and pelvis. Semitubular
plates are thinner, rounded plates. They come in large-fragment (one-half
tubular) and small-fragment (one-third tubular) varieties. The one-third tubu-
lar plate is less stiff and thinner than an LC-DC plate and is typically used in
regions with minimal soft tissue coverage, such as the lateral malleolus of
the ankle. Reconstruction plates are less stiff than compression plates but al-
low for greater contouring. These plates are especially useful in pelvic, distal
humeral, and clavicular fractures because they can be bent on a flat axis to bet-
ter conform to the osseous anatomy. Anatomy and fracture-specific plates are
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FIG. 2-3 The ramped hole of a DC plate can apply compression across a
transverse fracture.

newer designs. Theoretically, these plates can be applied more easily than
plates that need contouring, with enhanced fixation and little alteration in their
biomechanics.

Plating Methods

Plates can be used in many ways to obtain the ideal fixation for a given frac-
ture. Compression plating, with the screws applied eccentrically in an oblong
hole, can be used to compress the ends of a simple transverse fracture together.
The plate is applied to the first fragment in neutral position and then to the sec-
ond fragment in compression mode. In plating transverse, diaphyseal frac-
tures, prebending of the plate approximately 1 mm will prevent a fracture gap
from forming on the far cortex (compressive forces are greater at the near
cortex than the far cortex with placement of a straight plate on a straight bone).
Neutralization plating occurs when a plate is used to provide protection to
lag-screw fixation. Although lag screws provide excellent compression across
an oblique fracture, they are weak in resisting torsional forces. A neutraliza-
tion plate neutralizes these torsional forces (Fig. 2-4). The lag screw can be
placed either through the neutralization plate (preferred) or outside the plate.
Buttress plates are used to hold up or buttress an elevated fracture fragment
(Fig. 2-5). Antiglide plating is used to reduce or prevent the shortening of
oblique fractures (Fig. 2-6).

Bridge plating is a technique whereby a long plate is fixed to either side
of a long segmental fracture (Fig. 2-7). The fracture site is minimally violated,
with plate fixation occurring at opposite ends of the plate remote from the zone
of injury. This provides relative stability and preserves the relative length and
alignment of the extremity without disturbing the biology of a comminuted
fracture.
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FIG. 2-5 A buttress plate holds up fractures that have been depressed or
tend to collapse.

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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Percutaneous plating with less dissection of soft tissue and percutaneous
screw fixation is an advanced plating technique that minimizes soft tissue
disruption and optimizes the biology of fracture healing.

It is important to understand that all these techniques can be utilized with a
variety of different plates. The names used above describe the plating tech-
nique, not the type of plate.

Locking plates are a new addition to the inventory of internal fixation.
The stability of the plate-screw-bone unit with these plates is maintained by
the screws threading into the plate, as opposed to the frictional force created
by screws compressing the plate to the bone, as in standard plates. Addition-
ally, the screws locking into the plate create a fixed-angle device that provides
additional stability to the side of the fracture opposite the plate (Fig. 2-8A).
This is because the screws do not toggle at their junction with the plate. The
fixed-angle construct is also much stronger in resisting pullout than conven-
tional plating, because locked plates require the simultaneous pullout of all the
screws 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 less on purchase in the bone, these plates can maintain good
fixation with only unicortical screws. In general, the stability of a unicorti-
cal locked screw approximates the stability of a bicortical standard screw.

Thus, locked plating has a definite advantage over conventional plating in
treating fractures in osteoporotic bone, fractures with no inherent axial stabil-
ity, and periarticular fractures. Most of these plates have oblong holes that al-
low a locking screw on one side of the hole or a standard screw on the other
side. This allows the use of both locking and standard plating techniques in ob-
taining optimal reduction and fixation. In summary, the locking plates are ad-
vantageous when they are used to treat osteoporotic patients, periprosthetic
fractures, periarticular fractures, and in connection with minimally invasive
fixation techniques.

The less invasive stabilization system (LISS) is a specific type of lock-
ing plate for percutaneous insertion (Fig 2-8B). 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 standard locking plate.

FIG. 2-8 A. A locking plate with divergent and convergent screws that lock
into the plate, making it 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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Cerclage Wires

Cerclage wires are used for adjunctive fixation in fracture care. The wires
can be tensioned to hold a plate or bone strut against the fractured bone. How-
ever, cerclage wires offer minimal rotational control of the fracture and can se-
verely disrupt the vascular supply to the bone in the region of the fracture.
They can also loosen quickly if necrosis occurs under the wires. Therefore
they should not be used as primary fixation. Their use should be limited to
situations where screws cannot be used to fix a plate to the involved bone, as
in periprosthetic fractures.

Tension Band

Tension-band constructs function by converting tension forces at the near cor-
tex (under the tension band) into compressive forces at the far cortex (Fig. 2-9).
Tension bands provide only active compression when applied to a mobile
joint, allowing active motion during fracture healing; otherwise the tension
band will apply static compressive forces (i.e., fixation of the medial malleo-
lus). Olecranon and patellar fractures are ideal for converting distracting (ten-
sion) forces into compressive forces. Avulsion fractures are often fixed well
with tension-band constructs (i.e., medial malleolus, greater tuberosity of the
humerus, and greater trochanter of the femur).

Dynamic Compression Screw

Sliding compression screws are an excellent choice for fixation of inter-
trochanteric femoral fractures. These implants function by allowing controlled
shortening of the fracture due to the sliding mechanism of the lag screw
through the side plate. This sliding motion allows the fracture ends to settle
until bone-to-bone contact prevents further shortening and provides stability
to the construct (Fig. 2-10). The controlled shortening of the fracture decreases
the possibility that the lag screw will cut out of the femoral head, which is of-
ten osteoporotic. These devices require an intact lateral cortex and postero-
medial cortical buttress to function optimally and avoid failure.

Intramedullary Nails

Intramedullary nailing of long bone diaphyseal fractures is a widely accepted
and successful form of treatment. The advantages of intramedullary nailing
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FIG. 2-9 A tension band converts tensile forces across a fracture into com-
pression forces.
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FIG. 2-10 A dynamic compression screw allows controlled shortening at
the fracture site.

include minimal soft tissue disruption, ease of insertion, preservation of frac-
ture hematoma, and the potential for load sharing between the injured bone
and the nail. Variables in intramedullary nailing include nail stiffness (rigid vs.
flexible), insertion method (reamed vs. unreamed), insertion direction (ante-
grade vs. retrograde), and locking mode (static vs. dynamic).

Flexible intramedullary nails have historically been used in patients with
axially stable fractures and more recently in pediatric fractures. These nails are
inserted through portals in the metaphysis and therefore do not disrupt growth
plates. Usually multiple nails are placed so as to provide sufficient stability.
They are fairly easy to remove because they are not statically locked. They
provide good bending stability in more stable fracture patterns but are less sta-
ble against torsional forces or in comminuted fractures. Examples include
Rush rods, Enders nails, and newer flexible titanium nails.

Rigid nails provide greater stiffness and mechanical strength than flexible
nails. The design of the rigid nail mirrors the anatomy of the bone it is stabi-
lizing (i.e., providing anterior bow to the femur) to re-create normal biome-
chanics. Nails can be inserted after reaming the intramedullary canal, to in-
crease its diameter, or without reaming. The advantage of reaming is that it
allows a nail of greater diameter to be inserted. The strength of a nail is expo-
nentially related to its diameter. The insertion of larger nails and their corre-
sponding larger locking screws has been shown to minimize implant breakage.
Reaming may also generate an autografting effect. There are theoretical dis-
advantages to reaming. Vascular studies have shown that reaming destroys the
endosteal blood supply, which feeds the inner cortex of the bone. This was
thought to be detrimental to fracture healing and potentially to increase the
incidence of infection due to the presence of necrotic bone. Additionally,
reaming leads to embolization of the marrow contents, which may adversely
affect pulmonary function in patients with preexisting lung injury. Current
literature, however, supports the use of reaming in the insertion of in-
tramedullary nails into all fractures except those with high-grade open injuries.

Some long bones, notably the femur and humerus, are amenable to either
proximal-to-distal (antegrade) or distal-to-proximal (retrograde) nail insertion.
In both these bones, there are advantages and disadvantages to each method.
These are best demonstrated in the femur. Antegrade nailing traditionally uses
a starting point in the piriformis fossa. Newer nails are being introduced that
utilize a starting point in the greater trochanter. This starting point is not in line
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with the intramedullary canal of the femur and can lead to iatrogenic fracture
of the femur or malalignment. Retrograde nailing uses a starting point in the
distal femoral articular cartilage, just anterior to the intercondylar notch. The
advantage of retrograde nails is that they are easier for the surgeon to place, es-
pecially in obese patients or in distal femoral fractures. They can also be in-
serted with the patient in the supine position, without a fracture table, which can
be important in patients with multiple injuries. Commonly accepted indica-
tions for retrograde femoral nailing include obese patients, patients with
very distal femoral fractures, and those with multiple injuries.

Statically locking an intramedullary nail prevents rotation and shortening at
the fracture site but does not allow additional impaction at the fracture (Fig.
2-11). As a result, the nail and locking screws are required to bear a higher
load until fracture healing. Dynamic locking of a nail allows for axial 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 screw is placed in the
oblong hole on the side opposite the fracture, allowing translation of the nail
down the slot in axial compression. Dynamically locking the nail through an
oblong hole has the advantage of controlling rotation and is preferred over
the use of no locking screw. Dynamization is optimally utilized in fracture pat-
terns that have some inherent axial stability, but nails should have at least
one locking screw on each side of the fracture when acute fractures are being
nailed. Reconstruction nails, also called cephalomedullary nails, are of a spe-
cific kind in which the proximal locking screw is placed up the femoral neck
into the head for proximal femoral fractures.

External Fixation

External fixation is the percutaneous placement, above and below a fracture,
of wires or half pins that are connected to bars and tubes to provide stability.
The advantages of external fixation include minimal soft tissue trauma, avoid-
ance of hardware in a contaminated wound, rapidity of application, and mod-
ularity to adapt to many injury patterns. An external fixator can be used for
temporary or long-term fixation; it is a good option in situations where the risk
of infection is high or the soft tissue is compromised. The disadvantages in-
clude the cumbersome nature 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 (infection, loosening), and varying degrees of stability, which can re-
sult in malunion or nonunion. External fixators can vary from very simple
frames consisting of two pins connected 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 slightly, but the basic sets include trans-
fixation pins (5- or 6-mm pins, often with threads in the central portion, de-
signed to be inserted much like a traction pin, protruding from both sides of
the bone), half pins or Shanz pins (protruding from only one side of the bone),
bars, and clamps to attach pins to bars or bars to bars. Pins vary in diameter
from 2.0 to 6.0 mm. For tibial, femoral, and pelvic fixation, the pins should
be at least 5 mm in diameter. For the humerus, forearm/wrist, and fingers, the
pins should be at least 4, 3, and 2 mm, respectively. If a pin is too small in di-
ameter, the tension across it can cause micromotion and eventual loosening. If
the pin’s diameter is too large, the bone can fracture at this stress 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
that of half pins. The wires used in external fixation range from 1.5 to 2.0 mm
in diameter, and they are typically attached to rings.

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

Pin diameter (larger is stiffer)

Pin location close to the fracture site on either side of the fracture

Pin spread (distance between adjacent pins maximized)

Pin number (an increased number of pins means less stress at each individ-
ual pin-bone interface; the minimum number of pins on each side of the
fracture is two)

Placing bars as close to the bone without impinging on soft tissues

Placing at least one rod in the same axis as the applied load

Double stacking of bars is stiffer than single-bar constructs

Multiple planes of fixation are stiffer than single plane

FIG. 2-12 A. AP radiograph of a ring external fixator on a tibial nonunion,
B. uniplanar external fixator, and C. delta frame external fixator.
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The term uniplanar external fixator 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-term 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 nonoperative techniques covered in this chapter are splints 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 surrounding joints 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 Rules of Splinting and Casting

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 joints 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 casts 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. Af-
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 forearm 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 conform the material to the limb. Additional longitudinal 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 is 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



22 HANDBOOK OF FRACTURES

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.

Techniques of Splinting

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., aluminum
universal 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 thumb spica splint extends from the tip of the thumb 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.

Complications of Splinting 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 Traction

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 Ib). 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 Ib 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 Traction

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 to the bone (e.g., lateral to medial in the distal femur and ulnar to 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 olecranon pin), for fear of wrapping the soft tissues around the pin and
causing a neurovascular injury.

Traction maintenance consists of supporting the part distal to the pin; twice-
daily cleaning of the pin sites with sterile saline or peroxide; sterile dress-
ings, and release of skin under tension to prevent skin irritation, with result-
ing pain and local infection.

For acetabular and femoral fractures, the pins are inserted through the distal
femur at the flare of the condyles or through the proximal tibia 2 cm poste-
rior and 1 cm inferior to the tibial tubercle. As longitudinal traction is 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
attachment is an outrigger that slides up and down the Thomas frame to com-
pensate for the length of the femur and allow knee flexion (Fig. 3-1). Depend-
ing on the size of the patient, 15 to 30 Ib of longitudinal traction is appropri-
ate initially.

The safest type of olecranon pin is a screw with an eyelet, inserted at 90 de-
grees to the long axis of the ulna. A through-and-through pin can be used in
the proximal ulnar metaphysis just distal to the olecranon fossa, but the ulnar
nerve must be protected. When olecranon traction is used, it must be supple-
mented by supporting the hand and forearm with a sling or skin traction. Ini-
tially, 5 to 10 Ib of longitudinal traction is applied (Fig. 3-2). The calcaneal pin
is inserted 2 cm distal and 2 cm posterior to the medial malleolus. The leg is
supported on a frame, and 5 to 10 Ib of weight is applied initially.

ARTHROCENTESIS

Arthrocentesis, or aspiration, of a swollen, painful 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 local anesthetic
to obtain anesthesia while a traumatic dislocation is being reduced.

Strict adherence to aseptic technique is essential: the area through which the
joint is aspirated is shaved and scrubbed and sterile gloves are used. Local
infiltration anesthesia is recommended. Large joints are aspirated with a
19-gauge needle. Smaller joints of the fingers and toes are aspirated with a
22-gauge needle, but its smaller diameter makes obtaining fluid difficult. The
larger the syringe, the more negative pressure is generated, which tends to draw
obstructive particles into the needle opening. A 10-mL syringe seems ideal.

The contraindications to arthrocentesis are periarticular sepsis and un-
corrected coagulopathy. Tubes for synovial fluid cell count, microscopic ex-
amination, and culture should be available in the event that an effusion sug-
gestive of an acute inflammatory arthritis is found.

Techniques of Arthrocentesis

The knee is aspirated 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 directed toward the center of the joint, starting just below and
just medial or lateral to the inferior pole of the patella (Fig. 3-3).

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

i/}

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

femoral artery and 2 cm distal to the inguinal ligament. It is directed toward
the inferior aspect of the femoral head and neck. The resistance of the hip cap-
sule is apparent as the needle enters the joint.

Shoulder aspiration is performed with the patient sitting and the humerus
in neutral or slight external rotation. Unless the patient is unusually large, a
1.5-in. needle is used. The needle is inserted lateral to the coracoid process and
below the acromioclavicular joint. It is directed posteriorly into the interval
just medial to the biceps tendon and near the junction of the supraspinatous
and subscapularis tendon (Fig. 3-4).

Intraarticular lidocaine can be used to assist in obtaining analgesia during
reduction of uncomplicated shoulder dislocations. In this technique, 20 mL
of 1% lidocaine is injected with a 1.5-in. 20-gauge needle 2 cm inferior and
lateral to the acromion in the sulcus formed by the absent humeral head. The
needle is directed slightly caudad, and care must be taken to avoid the axil-
lary nerve.

The elbow is aspirated with the patient sitting and the elbow in 80 degrees
of flexion. A tense hemarthrosis can often be palpated in the interval between
the lateral epicondyle, radial head, and olecranon. The needle is directed me-
dially through the center of this triangular area (Fig. 3-5).

The ankle is aspirated through the interval between the tibialis anterior
tendon and the medial malleolus at the joint line or just proximal and medial
to the flare of the lateral malleolus at the level of the joint line (Fig. 3-6).

U

FIG. 3-6 Aspiration or injection of the ankle.



3 NONOPERATIVE TECHNIQUES 27

SELECTED READINGS

Davids JR, Frick SL, Skewes E, et al. Skin surface pressure beneath an above-the-knee
cast: plaster casts compared with fiberglass casts. J Bone Joint Surg 79A:565-569,
1997.

Marson BM, Keenan MAE. Skin surface pressures under short leg casts. J Orthop
Trauma 7:275-278, 1993.



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 mg/kg
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 100 m 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 procedures on the hand and forearm, with a duration of less than
1 h. This technique may also be used for foot and lower leg anesthesia, but
the quality of anesthesia is not as good for the lower extremity as for the upper
extremity. The following diseases of the limb are contraindications for the
use of IVR: infection, malignant tumor, and vascular insufficiency.

A 20- or 22-gauge cannula is placed and secured in a distal vein on the limb
to be anesthetized. A tourniquet is placed as proximally on the limb as possible;
for longer-lasting procedures, two tourniquets or a double tourniquet must be
used. The limb below the tourniquet is exsanguinated by compression with an
elastic Esmarch bandage. The tourniquet is inflated to a pressure 100 mmHg
above the systolic blood pressure. The source of the pressure must be cali-
brated and must continuously maintain the desired preset pressure. A regular
cuff, sphygmomanometer, and bulb with release valve are inadequate as a
tourniquet for IVR. Immediately after exsanguination, tourniquet inflation,
and removel of the Esmarch bandage, a single dose of 50 mL 0.5% (250 mg)
lidocaine (Xylocaine) is injected into the indwelling cannula. Complete IVR
of the leg requires about 75 mL of local anesthetic. Use lidocaine only from a
sealed single-dose vial without epinephrine. The cannula may be removed
after the injection, and satisfactory anesthesia is obtained within 10 min. When
two tourniquets are used, the distal one is deflated at this point. Should the
patient complain about tourniquet pain before completion of the operation, the
distal cuff is reinflated and about 20 s later the proximal cuff is deflated (Fig.
4-1). At completion of the operation, 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 15 min has elapsed after injection. Early release of the
tourniquet may bring about a systemic reaction to the lidocaine.

Nerve Block

The following nerve blocks are all performed with 1 to 1.5% lidocaine, 1 to
1.5% mepivacaine (Carbocaine), or 0.5% bupivacaine (Marcaine). Distal
blocks (i.e., of fingers and toes, wrist and ankle) must never be performed with
local anesthetics containing epinephrine because of the risk of prolonged vaso-
spasms. When epinephrine is used to prolong peripheral nerve blocks, the
optimal concentration is 1:200,000, which is equivalent to 5 m g epinephrine
per milliliter of local anesthetic. When small amounts of local anesthetics are
injected, multiple-dose vials are appropriate. When larger amounts of local
anesthetics are injected, the single-dose vial is used. The difference is that
single-dose vials contain no preservatives, whereas multiple-dose vials do.

Digital Nerve Block

Four nerves innervate each finger and toe: two are palmar/plantar and two
are dorsal. Block of these four nerves provides adequate anesthesia for minor
operations. The injection may be performed at the base of the digit, but an in-
jection about 1 cm farther proximal is less painful. Despite anesthesia of half
of the two digits next to the anesthetized digit, it is the preferred method
(Fig. 4-2).

A 23-gauge 1-in. needle is advanced from the dorsal side to the palmar/
plantar fascia so that the needle tip can be palpated. It is retracted 2 mm, and
3 mL of local anesthetic is injected. The needle is retracted so that the tip is
just below the subcutaneous tissue, and another 2 mL is injected. The proce-
dure is repeated on the other side of the digit.

Wrist Block

Blocks of one, two, or all three nerves at the wrist will provide adequate anes-
thesia of the part of the hand innervated by the blocked nerve or nerves.

The median nerve runs in the wrist between the palmaris longus and flexor
carpi radialis tendons. It is blocked approximately 2 cm proximal to the prox-
imal wrist crease. With the hand slightly dorsiflexed, a 23-gauge 1-in. needle
is advanced perpendicular to the skin between these two tendons, and the area
is infiltrated with 5 to 8 mL of local anesthetic (Fig. 4-3). If there is paresthe-

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

sia, the needle is stopped and the entire volume is injected. If there is no pares-
thesia, the local anesthetic is deposited with a fanwise injection. This block is
not used in patients with carpal tunnel syndrome and is not performed dis-
tally at the level of the carpal tunnel.

The ulnar nerve is blocked approximately 6 cm proximal to the proximal
wrist crease, just to the radial side of the tendon of the flexor carpi ulnaris. The
nerve is on the ulnar side of the ulnar artery. A 23-gauge 1-in. needle is in-
serted perpendicular to the skin, and 8 to 10 mL of local anesthetic is injected.
If the block is performed less than 6 cm proximal to the wrist, it will not in-
clude the dorsal branch of the ulnar nerve; a block of this branch must be per-
formed with a subcutaneous ring of anesthesia around the ulnar aspect of the
wrist, starting from the flexor carpi ulnaris tendon. For this block, 5 mL of
local anesthetic is used.

The radial nerve is blocked with infiltration under the brachioradialis ten-
don 8 cm proximal to the proximal wrist crease. Alternatively, the radial nerve
is blocked with a subcutaneous ring of anesthesia. The ring starts at the radial
aspect of the wrist at the flexor carpi radialis and continues around the wrist
dorsally to the styloid process of the ulna. Both methods require approxi-
mately 5 to 8 mL of local anesthetic.

Elbow Block

The ulnar nerve is blocked 3 cm proximal to its course in the groove behind
the medial epicondyle. A 23-gauge 1-in. needle, pointed either distally or
proximally, is advanced at a 45-degree angle to the course of the nerve; 5 to
8 mL of local anesthetic is injected around the nerve.

The median nerve lies on a line drawn on the anterior elbow between the
two epicondyles on the medial side of the brachial artery and is easily palpated
in thin individuals. The block is performed at this level with a 23-gauge 1-in.
needle. When paresthesia is encountered, 5 to 8 mL local anesthetic is injected
(Fig. 4-4). A subcutaneous infiltration is required to block the cutaneous
branches to the forearm.

To find the radial nerve, a line is drawn from the most prominent point of
the humeral head to the lateral epicondyle. The nerve crosses the humerus one-
third of the way up from the lateral epicondyle. It can be palpated on the bone;
the block is performed with a 23-gauge 1-in. needle and 5 to 8 mL of local
anesthetic. Alternatively, the radial nerve is blocked with the lateral cutaneous
nerve of the forearm, as described next.
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FIG. 4-4 Median nerve block at the elbow.

The lateral cutaneous nerve of the forearm is a continuation of the mus-
culocutaneous nerve and perforates the deep fascia on the lateral side of the
biceps muscle just proximal to the elbow. The lateral cutaneous nerve and
the radial nerve can both be blocked with a 23-gauge 1.5-in. needle inserted
between the brachioradialis muscle and the biceps tendon (Fig. 4-5). The
needle is directed proximally toward the anterolateral surface of the lateral
epicondyle, and 3 mL of local anesthetic is injected just above the perios-
teum. Bone contact is made two more times, and 3 mL is injected each time
above the periosteum. An additional 5 mL of local anesthetic is injected as
the needle is withdrawn. If paresthesia is elicited, 5 to 8 mL of local anes-
thetic is injected and no further bone contact is necessary. A subcutaneous
ring of 5 mL of local anesthetic from the biceps tendon to the brachioradi-
alis muscle will provide anesthesia of the superficial branches of the muscu-
locutaneous nerve.

Ankle Block

Foot operations lasting less than 2 h can be done with an ankle block. The
block provides anesthesia for a tourniquet at the level of the malleoli. A com-
mon mistake is to block the ankle too distally. Injections 1 to 2 cm above the
malleoli provide a more complete block. The block is a conduction block of
the five nerves that innervate the foot: three on the dorsal side and two on the
plantar side. The block is performed with a 23-gauge 1-in. needle, and 5 to

FIG. 4-5 Block of the lateral cutaneous and radial nerves at the elbow.
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Medial malleolus | -
;

FIG. 4-6 Saphenous nerve block.

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

The saphenous nerve is blocked at the greater saphenous vein 1 to 2 cm
above the medial malleolus (Fig. 4-6).

The deep peroneal nerve is blocked around and deep to the dorsalis pedis
artery. Alternatively, the infiltration is performed between the tibialis ante-
rior and the extensor hallus longus tendons; flexion of the first and second toes
improves visualization of the two tendons (Fig. 4-7).

The superficial peroneal nerve is blocked with subcutaneous ring infil-
tration from the anterior edge of the tibia to the anterior edge of the fibula
(Fig. 4-8).

The sural nerve is blocked with subcutaneous fanwise infiltration between
the Achilles tendon and fibula (Fig. 4-9).

The tibial nerve is blocked with a needle advanced just lateral to the poste-
rior tibial artery toward the posterior surface of the tibia. The needle is retracted
1 cm after contact with the tibia, and the anesthetic is injected (Fig. 4-10).

Hematoma Block

Spread of local anesthetic to the nerve fibers supplying soft tissue and perios-
teum around a fracture is obtained with a hematoma block. This technique is
contraindicated if there is any risk of contamination of the fracture site from
the skin puncture.

Dorsalis pedis artery

I Lateral Malleolus

FIG. 4-7 Deep peroneal nerve block.
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FIG. 4-8 Superficial peroneal nerve block.
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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.
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This chapter provides an overview of radiography and diagnostic imaging as
it applies to the evaluation of fractures.

IMAGING MODALITIES

Imaging modalities employed in the investigation of musculoskeletal trauma
include radiography, computed tomography (CT), magnetic resonance
imaging (MRI), radionuclide 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 Tomography (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. MRI 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-Harris type 2 injury of the distal tibia.
The distal metaphyseal fracture fragment is minimally displaced posteriorly
(long arrow) and the physis is widened anteriorly (short arrow).

FIG. 5-3 Open fracture secondary to 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 (arrow) on this axial CT image.
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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 pelvic radiograph was unremarkable.

Magnetic Resonance Imaging

MRI is the method of choice for the detection of radiographically occult, clin-
ically significant acute fractures, such as hip fractures in osteoporotic patients
(Fig. 5-5). Stress fractures are easily recognized on MRI, and bone edema is
immediately apparent. MRI provides excellent resolution of soft tissue struc-
tures and is invaluable in the detection of soft tissue 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 nondisplaced intertrochanteric femoral
fracture and surrounding bone edema (arrow).

MRI pulse sequences used in the setting of acute musculoskeletal trauma in-
clude T1, proton density (PD) or T2 with fat suppression, and inversion
recovery (IR) techniques. Lengthy scan acquisition time (compared to CT)
and high cost are disadvantages of MRI. Contraindications to MRI include
certain metallic implants, such as cardiac pacemakers and some cerebral
aneurysm clips. Metal workers require screening orbital CT before MRI.

Radionuclide Bone Scan (Scintigraphy)

Bone scans evaluate skeletal metabolic activity. In the realm of musculoskele-
tal injury, bone scans are most valuable in the detection of stress fractures

A

FIG. 5-6 Extensive soft tissue injury of the knee. AP radiograph (A) shows
proximal retraction of an avulsed fracture fragment (arrow) of the fibular head.
Sagittal T2 (B) and coronal T1 (C) MR images reveal rupture of the anterior
cruciate ligament (arrow), grade 3 sprain of the lateral collateral ligament (LCL)
(short arrow), and Segond fracture (tibial avulsion of the midcapsular ligament
of LCL) (long arrow).
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and radiographically occult fractures. Although they are not visible on radio-
graphic or tomographic studies, these fractures may be detected in their early
stages using bone scanning (Fig. 5-7). Radiographically occult fractures in os-
teoporotic patients may require 48 h to demonstrate increased osseous activ-
ity. The inherent low specificity and limited spatial resolution of bone scan-
ning may preclude precise anatomic localization of an injury.

Ultrasound

The role of ultrasound in the evaluation of musculoskeletal injuries is broad-
ening. While useful in the investigation of some radiographically occult frac-
tures, including sternal and rib injuries, this modality is primarily used to di-
agnose soft tissue injuries. Muscular trauma is well demonstrated. Tendon and
ligament tears in superficial structures are visible on ultrasound. Sonography
is capable of identifying callus prior to its appearance on radiographs. Disad-
vantages of ultrasound include the inability to penetrate cortical bone, opera-
tor dependence, and lack of standard documentation and labeling of sono-
graphic images.

Fluoroscopy

Fluoroscopy, or real-time radiography, may aid in the detection of radio-
graphically unapparent fractures by allowing the radiologist to evaluate os-
seous structures in numerous projections under direct observation. Joint kine-
matics may also be assessed. Fluoroscopy is used to guide diagnostic and
therapeutic interventional musculoskeletal procedures, such as arthrography
and joint injections or aspirations (especially in the spine). Orthopedic sur-
geons often 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 possible the entire science of closed, locked intramedullary fixation
as well as facilitating other procedures involving closed reduction and place-
ment of pin (or screw) fixation.

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

Precise terminology must be used to convey an accurate description of a frac-
ture to the treating orthopedic surgeon.

Location

A detailed description of the anatomic location of the fracture is essential. Long
bone fractures may involve the diaphysis (shaft), metadiaphysis, metaphysis,
physis (growth plate), or epiphysis. Division of the long bone diaphysis into
thirds (proximal, middle, and distal) assists in injury localization. Involvement
of an articular surface must be determined if a fracture is located near a joint.
In these cases, fractures are described as intraarticular (Fig. 5-8A and B) or
extraarticular.

Extent or Type

Complete fractures extend across a bone and interrupt both cortices, whereas
incomplete fractures display a single cortical break. Incomplete fractures in
adults are termed fissures. Incomplete fractures frequently occur in children
due to bone flexibility. Bowing as well as torus and greenstick fractures are
incomplete fractures that are unique to the immature skeleton. Bowing refers
to plastic bending of soft, incompletely mineralized bone. Torus fractures re-
sult in a localized cortical buckle caused by longitudinal compression of soft
bone (Fig. 5-9). Greenstick fractures are unilateral cortical breaks along the
convex margin of a bowed bone (Fig. 5-10).

Avulsion injuries occur at tendon and ligament insertions. A bone fragment
is avulsed, or sheared, from its original position by forceful pulling (Fig. 5-11).

Closed (simple) fractures are injuries in which the overlying skin is intact.
Open (compound) fractures communicate with the outside environment
through a skin wound. A fractured bone may extend through the skin or an ex-
ternal force may penetrate the skin. Designation of closed or open fractures
is more readily determined on physical examination.

FIG. 5-8 Distal radial fracture. The radiograph shows a comminuted, dis-
placed, angulated fracture of the distal radius with intraarticular 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. 5-10 Greenstick fractures of the left radius and ulna. This AP radiograph
demonstrates bowing deformities of the radius and ulna, with fractures along
the convex surfaces (arrow).

" 4

FIG. 5-11  Avulsion fracture of the distal phalanx. This lateral radiograph
shows proximal retraction of the dorsal plate fracture fragment from the base
of the distal phalanx (arrow). The avulsion occurs at the insertion of the exten-
sor tendon and is referred to as a baseball or mallet finger.
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Plane

The plane of a fracture is best described in relation to the long axis of the bro-
ken bone. Transverse fractures lie perpendicular to the long axis of a bone,
whereas longitudinal (or vertical) fractures are parallel to the long axis.
Oblique fractures form oblique angles with the cortical long axis, and spiral
fractures rotate along the long axis of a bone.

A fracture that results in the formation of more than two fragments is termed
comminuted. Additional fracture lines indicating comminution may not be
initially apparent on routine radiographs. Segmental fractures are com-
minuted fractures in which a long bone is divided into successive pieces by
consecutive transverse fractures. Butterfly fractures result in the formation of
a wedge-shaped fragment that is split from the major fracture fragments.

Alignment

Fracture alignment refers to the position of adjacent major fracture fragments
and is described in terms of displacement, length discrepancy, angulation,
and rotation.

Displacement refers to loss of cortical continuity in the transverse plane. By
convention, displacement of the distal fracture fragment is specified as ante-
rior, posterior, medial, or lateral. Partial continuity implies that fracture ends
maintain contact, but with offset cortices. An accurate description of dis-
placement is important, as fractures that maintain some continuity may be
amenable to closed reduction in the emergency room, while fractures that have
lost end-to-end continuity may require operative intervention.

Length discrepancy describes the longitudinal continuity of osseous frag-
ments. Distraction indicates longitudinal separation of fracture fragments.
Apposition (or bayonet apposition) refers to fragment overlap, which results
in shortening.

Angulation indicates the angular relationship of the longitudinal axis of
adjacent fracture fragments and is typically described according to the orien-
tation of the distal fragment. Angulation may occur in the anterior, posterior,
medial, and lateral directions. A laterally oriented distal fracture fragment is
reported as having valgus angulation (Fig. 5-12), whereas a medially 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
situ. The femoral neck has moved under the femoral head 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 fracture fragment has varus angulation (Fig. 5-13A and B). The frac-
ture apex is less commonly used to designate the direction of angulation.

Relative rotation of fracture fragments is defined by the distal fracture frag-
ment and may be internal (medial) or external (lateral).

Special Features

Impaction occurs when osseous bodies are forcibly driven into one another
(Fig. 5-14). Depression is the inward displacement of bone and results when
the hard surface of one bone presses into a relatively softer bone (Fig. 5-15).
This usually involves articular surfaces and results in loss of joint congruence.
Compression deformities commonly involve vertebral bodies.

Joint dislocation refers to total loss of congruence of opposing articular sur-
faces and often occurs in conjunction with fractures (Fig. 5-16). Subtotal loss
of articular surface contact is termed subluxation. The direction of a disloca-
tion or subluxation is described in reference to the distal structure. Diastasis
is the widening of a slightly movable articulation, such as the symphysis pubis
or sacroiliac 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 Fractures

Stress fractures are subdivided into fatigue and insufficiency fractures. These
injuries result from persistent trauma that overwhelms the healing mechanisms
of bone. Fatigue fractures result when normal bone suffers repeated micro-
trauma and most commonly occur in the weight-bearing bones of the lower
extremities (see Fig. 5-7). Insufficiency fractures are a consequence of normal
stresses placed on abnormally weakened bone. Metabolic disorders—such as
osteoporosis, osteomalacia, and osteopetrosis—predispose to insufficiency
fractures (Fig. 5-17).

Pathologic fractures occur in locations where bone has been affected by a
disease process (Fig. 5-18), such as neoplasm or infection. Detection of a patho-
logic fracture will affect therapy. A lytic bone lesion that is larger than 2 cm or
involves more than 50% of the cortex of a weight-bearing bone is termed an
impending fracture. This designation indicates a high risk of future fracture.

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 (arrow). Postreduction
coronal 2D reformatted CT image (B) confirms fracture of the inferior glenoid
(Bankart lesion) (arrow).
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FIG. 5-17 Insufficiency fracture in man with osteopetrosis (marble bone dis-
ease). Coronal 2D reformatted CT image of the hip demonstrates a nondis-
placed fracture through the left femoral neck.

Indirect Signs

Subtle fractures may not be readily apparent on radiographs, and indirect signs
may provide a clue to their presence. Soft tissue swelling helps localize the
site of injury. Displacement of adjacent fat stripes and loss of soft tissue planes
are associated with bone trauma. Joint effusions accompany fractures with in-
traarticular extension (Fig. 5-19). Hemarthroses, or bloody effusions, may
contain fat-fluid levels. These fat- and blood-containing effusions are termed
lipohemarthroses. Periosteal reaction indicates early fracture healing (or in
some instances a response to a neoplastic process).

Fracture Healing

Bone healing is affected by fracture location and type, patient age, associated
abnormalities, and therapeutic intervention. The healing fracture demonstrates
the formation of callus, which is a bridging tissue composed of fibrous mate-

FIG. 5-18 Pathologic fracture in a patient with polyostotic fibrous dysplasia.
A comminuted, minimally displaced, angulated fracture of the proximal humeral
diaphysis (arrow) has occurred through the expansile osteolytic lesion.
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FIG. 5-19 Radiographically occult elbow fracture. Lateral radiograph
(A) demonstrates displacement of elbow fat pads (arrows), which indicates
elbow joint effusion. No fracture is identified. Sagittal T1 MR image (B) reveals
nondisplaced fracture through the radial head (arrow).

rial, blood vessels, cartilage, and bone. Normal healing results in osseous
bridging, or union, between fracture fragments. Delayed osseous union is
fracture healing retarded beyond the usual time frame of 2 to 4 months and is
manifest by persistent visualization of the fracture line and lack of adequate
callus bridging the fracture fragments. Fibrous union may be present despite
the lack of bony bridging.

Complications

Nonunion occurs when bone fragments have not united and healing has
ceased (Fig. 5-20). Nonunion may result in the formation of a pseudarthrosis,
which represents a false “articulation,” between the fracture fragments. Non-
union may be reactive (hypertrophic), nonreactive (atrophic), or infected.
Reactive nonunion is characterized by bone formation and sclerosis at the frac-
ture margins, while nonreactive nonunion demonstrates a lack of bone for-
mation (osteopenia) at the fracture site. Infected nonunions can be associated
with osteomyelitis.

FIG. 5-20 Nonunited scaphoid fracture. Coronal 2D reformatted CT image
reveals nonunited fracture of the scaphoid bone (arrow). 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 osteoporosis, and reflex sympathetic dystrophy (regional 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 marrow: 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. External 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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FIG. 6-1 A Normal cortical bone: Lacunae are filled with viable osteocytes
and the osteonal pattern is preserved. B. Primary cortical healing by haversian
remodeling.

Histologic Types of Fracture Healing

Two types of healing processes take place following a fracture and are depen-
dent on the type of bone in which a fracture occurs (cancellous vs. cortical) and
the type of fixation achieved (rigid vs. nonrigid); thus:

1. Primary bone healing occurs in cortical and cancellous (metaphyseal) bone
(healing by primary intention), following rigid fixation (compression and
buttress plating, screw fixation) or after impaction in cancellous bone.

2. Secondary bone healing occurs in cortical bone, following intramedullary
fixation (controlled dynamic motion) or casting (uncontrolled motion).

Primary Fracture Healing

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

Primary Cortical Healing

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 resorption 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 healing the fracture.

‘When small gaps (200 to 500 m m) are present at the fracture site, the heal-
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.

Primary Cancellous Healing

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-
ture 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).

Secondary Fracture Healing
There are six identifiable stages in this type of fracture repair (Fig. 6-3).
Stage 1: Hematoma and Inflammation

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-1 and IL-6), which may be important in reg-
ulating the early stages of healing, while degranulating 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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FIG. 6-2 Primary cancellous healing: A. Subcapital fracture with cancellous
bone in the head and neck is fixed with two cancellous screws; no periosteum
is found in the 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: Cartilage Formation and Angiogenesis

In a rat fracture model, intramembranous and endochondral bone formation
is initiated during the first 7 to 10 days after fracture. By the middle of the sec-
ond week, abundant cartilage overlies the fracture site, and it is this chon-
droid tissue that initiates the biochemical events leading to calcification of
the callus. At this time, the callus may be divided histologically into hard cal-
lus, where intramembranous ossification is taking place, and soft callus, where
endochondral ossification is proceeding. Neoangiogenesis occurs simultane-
ously with those events, and new blood vessels, originating from the perios-
teum, penetrate both hard and soft callus.

Stage 3: Cartilage Calcification

Fracture callus calcification occurs by a mechanism similar to that which takes
place during physeal growth. A large number of elongated and proliferative
chondrocytes appear 9 days after the fracture occurs and dominate the fracture
callus. Chondrocytes produce vesicularized bodies, known as matrix vesicles,
from their cellular membrane; these migrate to the extracellular matrix. The
matrix vesicles contain the enzyme complements needed for proteolytic mod-
ification of the matrix, a necessary step in the preparation of the cells for cal-
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FRACTURE HEALING RESPONSES
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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 ossification).

cification. Matrix vesicles also contain phosphatases needed for the degradation
of matrix phosphodiesters, resulting in phosphate ion release for precipitation
with calcium. Proteases hydrolyze large proteins and proteoglycans in the ex-
tracellular matrix approximately 14 days after a fracture takes place, thus pre-
venting inhibition of calcification. Alkaline phosphatase (ALP) levels increase
approximately 3 days later.

Stage 4: Cartilage Removal

Once the cartilage is calcified, neoangiogenesis occurs. New vessels carry
perivascular osteoprogenitor cells and the calcified cartilage is then resorbed by
chondroclasts. New woven bone is then laid down to replace calcified cartilage.

Stage 5: Bone Formation

Formation of intramembranous bone by periosteum 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 third week, the fracture is united by woven bone, bridging
the gap within the callus.

Stage 6: Bone Remodeling

This is a chronic process of gradually replacing the woven bone with lamel-
lar bone. With time, the healing fracture recovers its biomechanical properties,
while it modulates its shape under the influence of environmental mechanical
stimuli.

Expression of Extracellular Matrix Proteins during Fracture Healing

During endochondral ossification, two main proteoglycans are expressed in
the extracellular matrix: dermatan sulfate, produced by fibroblasts during early
callus formation, and chondroitin 4-sulfate, produced by chondroblasts during
the second week of fracture healing. Proteoglycan degradation is essential
for callus calcification, as is the presence of ALP, IL-1, and IL-6.

Collagens (types I, II, III, V, IX, X, and XI) are essential throughout the
healing process, as are noncollagenous extracellular matrix proteins (os-
teonectin, osteocalcin, osteopontin, and fibronectin).
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Regulation of Fracture 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 proteins 2 and 4 (BMP-2 and BMP-4) have been shown to be expressed
during the first 4 weeks of fracture healing. BMP-1 to BMP-8; growth and dif-
ferentiation factors (GDFs) 1, 5, 8, and 10; and TGF-b 1 to 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 facilitate the repair process by promoting the chemotaxis and dif-
ferentiation of the mesenchymal stem cells, while bone remodeling appears to
be regulated by IL-1, 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 metalloproteinases that 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 mitogen. Moreover, fibroblast growth factor (FGF) and
platelet-derived growth factor (PDGF) are mitogenic for mesenchymal stem
cells, chondrocytes and osteoblasts, and insulin-like growth factor (IGF); pro-
mote the proliferation and differentiation of osteoprogenitor cells; and medi-
ate the anabolic action of parathyroid hormone (PTH) 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 technique, may en-
hance or inhibit fracture healing. (Table 6-2).

Failure of Fracture 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 BMP-1(procollagen C-proteinase), BMP-2, BMP-3
(osteogenin), BMP-3b(GDF 10), BMP-4 (BMP-2b), BMP-5,
BMP-6, BMP-7(OP-1), BMP-8a(OP-2), BMP-8b(OP-3),
BMP-9, BMP-10, BMP-11, BMP-12(GDF-7), BMP-13
(GDF-6, CDMP-2), BMP-15(GDF-9b)

GDFs GDF-1, GDF-3, GDF-5(CDMP-1), GDF-8, GDF-9
TGF-b isoforms  TGF b1, TGF b2, TGF b3

MIF

Activins

Inhibins

BMPs = bone morphogenetic proteins; COMP = 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

Systemic factors

Promote healing

Inhibit healing

Age
Nutrition
Hormones

Diseases

Vitamin deficiencies
Substances
Medication

Local factors

Childhood

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

Promote healing

Malnutrition
Corticosteroids

Diabetes, anemia

A C, DK

Nicotine, alcohol

Nonsteroidal anti-inflammatories, anticoagulants, phenytoin

Inhibit healing

Tissue-related factors

Injury-related factors

Treatment-related factors

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
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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
Clinical 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, osteoconductive, 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 osteoconductive 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 transplantation, 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 to yield struts that can be used to fill
bone defects or reconstitute cortical bone after periprosthetic fractures.

Allogeneic osteochondral grafts are composed of cortical bone, metaphys-
eal cancellous bone, and articular cartilage. Once 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 interface. 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 GRAFT 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 Ceramics

Calcium phosphate (CaP) ceramics are synthetic scaffolds that have 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 1000°C. When they
are implanted next to healthy bone, osteoid is secreted directly onto their surfaces;
this subsequently mineralizes, and the resulting bone undergoes remodeling. CaP
ceramics are highly biocompatible and differ only in their resorbability. 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.

1. Hydroxyapatite (HA) of natural origin. Commercial HA of natural 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 CeraMed Co.,
Denver, CO; and Endobon Merck Co., Darmstadt, Germany).

2. Synthetic CaP biomaterials. Synthetic HA [Ca,((PO,)s(OH),] 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,
Sofamor Danek, Roissy Cdg Cedex, France).

Calcium Phosphate/Collagen Composites

A composite of porous calcium 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 (Osteoset, Wright Medical Technology, Inc., Arlington, TN) or mixed
with bone marrow aspirate, demineralized bone, or autograft. A mixture of
CaSO, 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.

Bioactive Glasses

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 (SiO,, 45%), calcium oxide (CaO, 24.5%), disodium oxide
(Na,0, 24.5%), and pyrophosphate (P,0s, 6%). Bioactive glasses stimulate
osteoprogenitor cell function and possess controlled resorbability and proven
biocompatibility.

Polyglycolic Acid Polymers and Composites

Polymeric membranes have been investigated for bone graft substitution. The
most prominent types are the polytetrafluoroethylene (PTFE) and degradable
polyesters poly-a-hydroxy acids (PHAs), such as polylactic acid (PLA) and
polyglycolic acid (PGA). PLA/PGA/PLGA has been successfully combined
with thBMP-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-
thes, Oberdorf, Switzerland), the a-BSM (Etex, Cambridge, 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
Parathyroid Hormone (PTH)

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

Growth Hormone (GH)

IGF-1 is known as somatomedin-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 Effect 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 enhanced 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 Technologies

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
beta (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 of BMP-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 (th) 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 et al. (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.

Peptide-Signaling Molecules

Transforming growth factor beta (TGF-f) influences a number 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 factors (FGF) are a group of structurally related com-
pounds that share between 30 and 50% sequence homology. Acidic FGF
(aFGF, FGF 1) 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 have been described: IGF 1 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 (cDNA). 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 of BMP-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 influ-
ence skeletal repair events pharmacologically is appearing to improve, and
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new biomaterials possessing osteoconductive and osteoinductive 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 of biosafety 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 cm below the coracoid and is at risk in anterior shoul-
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 complementary, and
both are used in this chapter. Neer (1970) introduced a classification that sub-
divided proximal 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 defined a displaced fragment as one with more
than 1 cm displacement or more than 45 degrees of angulation. Using these
criteria, he defined proximal humeral fractures as minimally displaced, dis-
placed two-part anatomic neck, surgical neck, and greater and lesser tuberos-
ity fractures. He also defined three- and 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
fracture-dislocations and head-splitting fractures. Table 7-1A lists the types
of proximal humeral fracture defined by Neer.

The Orthopaedic Trauma Association (OTA) classification (1997) has 27
subtypes and therefore better defines the different fractures (Fig. 7-2). Type

TABLE 7-1A The Neer Classification of Proximal Humeral Fractures®

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

4The different categories of proximal humeral fracture as defined by the Neer
(1970) classification, together with their incidence, according to Court-Brown
et al., 2001.
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FIG. 7-2 The OTA classification of proximal humeral fractures and their in-
cidence. From Orthopaedic Trauma Association Committee for Coding and
Classification. Fracture and dislocation compendium. J Orthop Trauma 71996;
10(suppl):2-5.
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A fractures are unifocal fractures, with Al fractures involving the greater
tuberosity. A2 and A3 fractures are surgical neck fractures, with A2 being
impacted and A3 nonimpacted. In A1 fractures, the suffixes 0.1 to 0.3 refers to
the displacement of the greater tuberosity or glenohumeral dislocation. In A2
and A3 fractures, the suffix 0.1 to 0.3 refer to the different fracture types. Type
B fractures are bifocal, with B1 fractures having metaphyseal impaction. B2
fractures are nonimpacted, and B3 fractures are associated with glenohumeral
dislocation. The suffixes 0.1 to 0.3 refer to the different fracture patterns. Type
C fractures are fractures of the anatomic neck, with C1 fractures showing
slight displacement and C2 fractures showing marked displacement. C3 frac-
tures are associated with a dislocation and/or head-splitting fractures. Again
the suffixes 0.1 to 0.3 denote different fracture configurations.

The two classification systems should be seen as complementary. The Neer
system does not define the different fracture patterns very well and makes no
mention of valgus-impacted fractures. The OTA classification is more com-
prehensive but does not take fracture displacement into account. It is therefore
best to combine the OTA classification with Neer’s displacement criteria, and
that is done in this chapter.

EPIDEMIOLOGY

The incidence of the different fracture types defined by the Neer classification
is shown in Table 7-1A. Figure 7-2 shows the incidence of the different types
of proximal humeral fracture when the OTA classification is used. The data
in both Table 7-1A and Fig. 7-2 are from Court-Brown et al. (2001). In this
study of 1027 consecutive fractures, the average age was 66 years. Some 27%
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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 fracture.

If the Neer classification is used, 49% of proximal humeral fractures are
minimally displaced, 28% are two-part surgical neck fractures, 9% are three-
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 OTA 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 B1.1 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 greater tuberosity fracture (10%). All together,
about 21% of proximal humeral fractures are impacted valgus fractures (A2.3,
B1.1, C1.1, 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
Americal 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 (CT) scans will show the extent of the frac-
ture but are rarely required. Magnetic resonance imaging (MRI) may help to
delineate the extent of associated soft tissue damage in fracture-dislocations.

The essential information to be gained from the radiographs is listed in
Table 7-1B.
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FIG. 7-3 Anteroposterior and lateral radiographs of an A3.2 translated sur-
gical neck fracture.

TREATMENT
Minimally Displaced Fractures

Table 7-1A shows that about 50% of proximal humeral fractures are minimally
displaced (Fig. 7-4). Analysis shows that about 56% of type A, 41% of type B,
and 15% of type C fractures are minimally displaced (Court-Brown et al,
2003). There is universal acceptance that these fractures should be managed
nonoperatively and that the results of such management are generally good.
The literature indicates that about 85% of patients have excellent or good results
with nonoperative treatment. About 70% of these patients are pain-free; on av-
erage, patients regain about 85% of normal shoulder function. Analysis shows
that the results are age-dependent, with most patients below age 50 achieving
normal shoulder function. Poor results tend to occur in older patients who have
coexisting medical morbidities. Nonoperative management consists of 2 weeks
in a sling followed by a course of physical therapy. There is no evidence that
other types of nonoperative treatment or a longer duration of immobilization
gives better results.

TABLE 7-1B Important Radiographic Features of Proximal Humeral Fractures

1. Is there a proximal humeral fracture?

2. How extensive is the fracture? Does it involve either or both of the
tuberosities, the surgical neck, or the anatomic neck?

. How displaced are the fragments (>1 cm displacement or >45 degrees
of angulation)?

. Is an isolated fracture of the greater tuberosity displaced by >0.5 cm?

. Is it a valgus impaction fracture?

. Is there an anterior or posterior dislocation?

Is there an impaction fracture of the head associated with a dislocation?

. Is there a glenoid rim fracture?

. Is there high-riding of the humeral head, suggesting a chronic rotator
cuff tear?

10. What is the state of the bone? Is it osteopenic?

w
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FIG. 7-4 An A1.2 minimally displaced fracture.

Displaced Fractures
Two-Part Fractures

Greater tuberosity fractures. Greater tuberosity fractures (Fig. 7-5) account
for about 19% of proximal humeral fractures. About 4% are undisplaced
(A1.1), 5% are associated with glenohumeral dislocation (A1.3), and the re-
maining 10% are displaced (A1.2). These fractures occur in younger patients
with an average age of about 55 years. All greater tuberosity fractures should
be regarded as possible rotator cuff tears. The true incidence of rotator cuff
tears associated with greater tuberosity fractures is unknown, but it seems
likely that they are more common in older patients, in high-energy injuries,
and where there is significant tuberosity displacement. It is accepted that dis-
placement of more than 5 mm is an indication for surgical reconstruction of
the greater tuberosity.

FIG. 7-5 An A1.3 fracture showing marked displacement of the greater
tuberosity (arrow).
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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 neck 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. As with all treatment methods, the results of nonoperative
management are age-dependent. Table 7-2 suggests that nonoperative man-
agement remains the 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 Results Associated with the Different Methods
of Treating A3.2 Translated Two-Part Fractures of the Surgical Neck

Treatment method Age Excellent/good (%)
Nonoperative 72 69
Kirschner wires 56 50
Plates 56 67
Antegrade nailing 63 78

Retrograde flexible nails 60 82
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Plating. Many surgeons have utilized T- or L-shaped neutralization plates or
blade plates to treat displaced two-part surgical neck fractures. As with percu-
taneous K-wire fixation, the results for patients below age 50 are much better
than those in older patients, but fractures are rare in this age group. It is proba-
ble that the new generation of locking plates will improve the results shown in
Table 7-2, but this is as yet unknown.

Antegrade intramedullary nailing. The results of both antegrade nailing (Fig.
7-6) and retrograde pinning of two-part surgical neck fractures are shown in
Table 7-2. The average age of the series dealing with this technique lies be-
tween those with K wires and plating and nonoperative management, but it is
clear that the results are better than those associated with K wires and plating.
The problem associated with antegrade nailing is rotator cuff damage. Ante-
grade nailing is usually undertaken through a deltoid splitting approach under
fluoroscopic control. A locked short intramedullary nail is usually used.

As with all methods of treatment, better results are gained in younger pa-
tients; but unlike the case with K wiring and plating, the difference between
the results in the young and older groups is less marked. The results of retro-
grade nailing using two or more flexible intramedullary pins are similar to
those of antegrade nailing and, indeed, to those of nonoperative management
in patients of a similar age. Retrograde nailing is undertaken using thin, flexi-
ble nails inserted from above the olecranon fossa. The drawback is that the
nails tend to back out, causing loss of elbow extension, usually of less than
20 degrees. This technique is less popular than the other techniques listed in
Table 7-2, but it can give good results.

Two-PART VARUS IMPACTED FRACTURES. These are extremely common, ac-
counting for 13% of all proximal humeral fractures, and it is surprising that
there has been only one study of their treatment (Court-Brown and McQueen,
2004). In a series of 133 consecutive fractures, the average age of the patients
was 68 years, and 89% were above 50 years of age. Nonoperative manage-
ment was used, and 78% of patients had excellent or good results. There is un-
derstandable concern that increasing varus angulation causes increased im-
pingement between the greater tuberosity and the acromion and therefore

|

FIG. 7-6 Intramedullary nailing of a surgical neck fracture.
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FIG. 7-7 An A2.2 impacted varus fracture.

increased pain and decreased function. However analysis shows that while the
outcome of A2.2 fractures is age-dependent, it is independent of the degree
of varus of the humeral head. Nonoperative management is therefore indicated
in these fractures (Fig. 7-7).

Lesser tuberosity fractures. These are extremely rare and are treated in the
same way as fractures of the greater tuberosity. If displaced, they should be in-
ternally fixed; if undisplaced, they can be treated nonoperatively. As with
greater tuberosity fractures, imaging of the rotator cuff is indicated, with repair
being undertaken as required.

Anatomic Neck Fractures

Isolated two-part anatomic neck fractures are very rare. If undisplaced, they
should be treated nonoperatively; but if they are significantly displaced, the
vascular supply of the humeral head will be compromised and a hemiarthro-
plasty prosthesis will usually be used in older patients. Screw fixation is ad-
vised in younger patients.

Three- and Four-Part Fractures

Three and four-part fractures are uncommon. In three-part fractures, the sur-
gical neck and greater tuberosity are usually involved; very rarely, the fracture
may involve the surgical neck and the lesser tuberosity. In four-part fractures,
both tuberosities and the surgical neck are fractured, thus compromising the
vascularity of the humeral head. The original Neer classification assumed
that three- and four-part fractures were always associated with rotation of the
humeral head; but surgeons have now realized that most three- and four-part
fractures involve a valgus malposition of the head (Fig. 7-8), which is im-
pacted onto the humeral metaphysis. These fractures are not associated with
the same degree of vascular damage, and internal fixation rather than joint
replacement is often used to treat valgus impaction fractures. Three- and four-
part fractures can be treated nonoperatively or operatively using plates, per-
cutaneous screws, cerclage wire fixation, or hemiarthroplasty. The results of
these treatment methods are given in Table 7-3.
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FIG. 7-8 A three-part impacted valgus fracture showing significant valgus
of the head (A) and treatment with calcium phosphate cement and screw fixa-
tion. (Courtesy of C. M. Robinson, M.D.)

Treatment Methods
Nonoperative

Table 7-3 shows the results of nonoperative treatment in the management of
three- and four-part fractures. As with two-part fractures (Table 7-2), the pa-
tients tend to be older, and a poorer prognosis can therefore be expected. The
results for nonoperative management of three-part fractures are at least equiv-
alent to those of plating and are only slightly worse than those of two-part frac-
tures. However, the results of the use of nonoperative management in four-part
fractures are poor.

Plating

The results of plating of three- and four-part fractures are poor. Table 7-3 shows
that the technique is no better than nonoperative management in three-part frac-
tures. In four-part fractures, it is better than nonoperative management but worse
than percutaneous screw fixation or the use of sutures or cerclage wires. There is

TABLE 7-3 Results Associated with the Treatment of Three- and
Four-Part Fractures?®

Three-part fractures Four-part fractures
Age Excellent/good (%) Age Excellent/good (%)
Nonoperative 73 63 73 29
Plating 67 63 66 48
Percutaneous screws 52 87 52 74
Cerclage wire/suture 51 93 51 77

Hemiarthroplasty —

4The average age and excellent and good results associated with the different treat-
ments of three- and four-part fractures. The results for hemiarthroplasty include both
three- and four-part fractures.
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no evidence that the technique should be used, although, as with two-part frac-
tures, the new locking compression plates may improve results.

Percutaneous Screw Fixation

This technique is designed for valgus impacted fractures (Fig. 7-8). Under flu-
oroscopic control, minimal dissection techniques are used to reduce the frag-
ments into an anatomic position and percutaneous screws are used to fix the
fracture. Calcium phosphate cement may be used to fill the void in the humeral
head. Table 7-3 shows good results in both three- and four-part fractures, al-
though the average age of the patients in these series is much younger than that
of the population who sustain these injuries. There is no good information
about the use of this technique in older patients, but the osteopenic nature of
the bone will make the procedure difficult.

Suture/Cerclage Wire

It is possible to reduce and hold the tuberosities with nonabsorbable sutures or
use a cerclage wire or tension band to hold the reduced tuberosities to the
humeral shafts. The soft tissue dissection is less than with plating, but again,
Tables 7-2 and 7-3 show that while good results can be obtained, it is the
younger patients who have been treated; there are no results for older patients.

K Wires and Tension Banding

This technique is not appropriate in the treatment of three- and four-part frac-
tures. The osteopenic nature of the bone in the majority of patients means
that results are poor.

Intramedullary Nailing

Good results have been published, but there are very few good studies, and
up to 71% fixation failure has been reported. Both antegrade and retrograde
nailing provides good results in two-part fractures, but these techniques are not
appropriate for more complex fractures.

Hemiarthroplasty

The results of the use of hemiarthroplasty prostheses (Fig. 7-9) to treat three-
and four-part fractures are given in Table 7-3. A number of different implants

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. As 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.
This 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.

Fracture-Dislocations and Head-Splitting Fractures

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 Fractures

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 and good results being obtained. Nonoperative treatment of three-part
surgical neck and greater tuberosity fractures results in 66% excellent and 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
Performed 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 valgus fractures that show significant valgus 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 11 (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 primary hemiarthroplasty.

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.

Avascular 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 treated by hemiarthroplasty.

Heterotopic Ossification

Heterotopic ossification has been reported to occur in up to 56% of hemiarthro-
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 humerus is forced into the axilla, damaging the artery.
Vascular reconstruction is usually required.

Neurologic Damage

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 general 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. DISLOCATIONS 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 humeral
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 artery 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 intraarticular pressure, the coracoacromial ligament, 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, coracoacromial ligament, 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 ligaments
(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 type

Suggested treatment

Proximal physis
Minimally displaced
Two-part surgical neck (<65 years)
(>65 years)
Two-part greater tuberosity (<5 mm displacement)
(>5 mm displacement)
(<65 years)
(>65 years)
(<65 years)
(>65 years)
Two-part fracture-dislocation
Three- and four-part fracture-dislocation
Head-splitting fracture

Three-part fracture

Four-part fracture

Closed reduction and K wiring

Nonoperative

Antegrade nailing

Nonoperative

Nonoperative

Screw or suture fixation. Cuff repair
Percutaneous screw fixation
Nonoperative

Percutaneous screw fixation
Hemiarthroplasty

Reduce and as for two-part fracture
Hemiarthroplasty

Hemiarthroplasty
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FIG. 7-10 Techniques of shoulder imaging show the ventral inclination of the
scapula on the chest wall, creating a buttressing effect by the glenoid surface.

“hammock,” which suspends the humeral head and prevents anteroinferior
subluxation. The anterosuperior aspect of the shoulder capsule and the sub-
scapularis tendon limit posterior glenohumeral translation, even when the en-
tire posterior capsule has been divided. An intact rotator interval is felt to be
a major stabilizer, opposing posterior and inferior humeral displacement on
the glenoid. The coracohumeral ligament is a fold in the anterosuperior gleno-
humeral capsule that becomes prominent with inferior translation of the
humeral head.

The muscles of the rotator cuff and the long head of the biceps contribute
to active glenohumeral stability. The rotator cuff muscles function to main-
tain the humeral head against the glenoid and also serve 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 latissimus dorsi) or coordinate and
stabilize movements of the scapula on the chest wall (serratus anterior and
the rhomboids).

DISLOCATIONS OF THE GLENOHUMERAL ARTICULATION

Dislocations of the glenohumeral articulation are classified according to their
direction (anterior, posterior, inferior, multidirectional), degree (subluxation
or dislocation and “microinstability”), chronicity (acute, recurrent, 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 fractures.

The majority of glenohumeral dislocations are anterior (Fig. 7-11) and oc-
cur in the young following sporting injuries and in the middle-aged and elderly
following low-energy falls. 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 either high-
energy injury or during seizures, which may be triggered either by epilepsy,
diabetic hypoglycemia, electrocution, or alcohol or drug withdrawal. Inferior
dislocations are extremely uncommon and are known as traumatic luxatio
erecta (Fig. 7-13). Multidirectional instability refers to instability of the shoul-
der in more than one direction (characteristically anterior, posterior, and inferior
instability) and is usually associated with constitutional ligamentous laxity.
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FIG. 7-11  Anterior glenohumeral dislocation.

Glenohumeral dislocations are further classified as acute, chronic, or re-
current. Acute dislocations are diagnosed within the first 2 weeks after injury.
Chronic dislocations are diagnosed after 2 weeks, either because the dis-
location was missed by the physician initially or due to delayed presentation
by the patient. The elderly and patients with posterior dislocations are at risk
of substantial delay before the diagnosis is made. Instability may become
recurrent if the shoulder repeatedly resubluxates or redislocates following
an initial episode of instability. Anterior dislocations in the young are partic-
ularly at risk of this complication.

Instability may be classified according to its degree into dislocation (com-
plete dissociation of the humeral head from the glenoid), subluxation (ex-
cessive symptomatic translation of the humeral head on the glenoid), and

FIG. 7-12 A. Posterior glenohumeral dislocation. B. 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.

microinstability (instability produced by acquired laxity of the shoulder,
caused by repetitive movements, particularly in the throwing athlete; this form
of instability often presents with pain rather than instability when the arm is in
the provocative position for instability).

Instability may also be classified according to whether or not it is under vol-
untary control. Voluntary dislocation is produced willfully, usually 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
control and occurs accidentally (involuntary instability).

Glenohumeral dislocations are classified according to their etiology as being
traumatic or atraumatic. A traumatic dislocation occurs following injury to the
shoulder, whereas atraumatic instability develops more insidiously and is usu-
ally associated with a degree of constitutional ligamentous laxity. In these
patients there is often evidence of instability in other joints, and the shoulder
instability is often bilateral and multidirectional.

Associated Injuries

Injuries associated with traumatic dislocations include fractures, rotator cuff
tears, nerve injuries, and, rarely, arterial disruption. Fractures commonly asso-
ciated with glenohumeral dislocations include tuberosity fractures and fractures
of the glenoid rim. Fractures of the surgical or anatomic neck of the humerus
may occur in association with a dislocation, but they are best considered with
other proximal humeral fractures (see Part I of this chapter). All of these asso-
ciated injuries are more common in middle-aged and elderly patients.

Careful review of the radiographs is required to determine the presence of
fractures. It is important to be aware of the possibility of an undisplaced frac-
ture of the humeral neck, which may displace during attempted reduction of
the dislocation. In this situation, to minimize the probability of displacement,
reduction is performed under general anesthesia with muscle relaxation and
is monitored fluoroscopically.

Fracture of more than 25% of the anteroinferior glenoid rim may result in
acute recurrent instability and may require acute open reduction and internal
fixation. The Hill-Sachs lesion is an osteochondral fracture of the posterior
surface of the humeral head produced by its impaction on the glenoid during
an anterior dislocation. With recurrence, this lesion progressively enlarges and
is pathognomonic of recurrent traumatic 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 confirmed 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 confirmed 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 arm. 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 glenohumeral 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 confirm the diagnosis (Fig. 7-14).
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FIG. 7-14 Modified radiographic axial view (Velpeau view).

Specialized imaging, in the form of CT, MRI, or ultrasound, may be useful
to delineate the nature and extent of associated soft tissue injuries.

Initial management. Acute dislocations should be reduced under sedation. It
is important to document the presence of any neurovascular injury prior to any
attempted manipulation. Prior to reduction, venous access is established, the
patient is sedated, and intravenous analgesics are administered. The reduction
maneuver used is determined by the type of dislocation. Anterior dislocations
are reduced with straight traction in line with the humerus. Gentle internal and
external rotation of the arm will relocate the humeral head. Countertraction 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
humeral head back into place, because this will result in muscle spasm, making
reduction more difficult and traumatic. Other methods of reduction of anterior
dislocations that bear mention include Stimson’s method and the Hippocratic
method. Stimson’s method involves hanging 5 to 10 Ib of weight from the
arm of the prone patient. After 10 to 20 min, gentle internal and external ro-
tation of the arm will relocate the humeral head. Stimson’s method is useful as
a last resort for dislocations that are difficult to reduce by other methods. The
Hippocratic method involves applying lateral traction through the arm and
countertraction by placing the foot in the axilla.

Posterior dislocations are reduced with gentle traction, with pressure over the
front of the humeral head, to disengage the engaged reverse Hill-Sachs lesion.
Following disengagement, the shoulder can usually be reduced by gentle ex-
ternal rotation of the arm. Luxatio erecta is reduced with traction along the line
of the arm, bringing it down to the side from its fixed abducted position.

Following reduction of the shoulder, a focused reexamination is performed
to assess the integrity of the axillary nerve and rotator cuff. Repeat radiographs
are obtained to ensure the adequacy of reduction. The shoulder is immobilized
in a sling, with the arm internally rotated and in neutral flexion/abduction. Un-
complicated anterior dislocations are usually stable in this position, although
rarely acute instability may be caused by a large glenoid rim fracture. In these
circumstances, the fracture should be treated by acute open reduction and in-
ternal fixation to stabilize the shoulder. Posterior dislocations are often unstable
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after reduction due to reengagement of the reverse Hill-Sachs lesion in the sling
with the arm in internal 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 performed by an experienced 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.

ApJUNCTIVE TREATMENT. Associated fractures and rotator cuff lesions, 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. This procedure requires considerable expertise.

Recurrent instabilify. 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 TUBS—
for traumatic, typically unilateral, with a Bankart lesion, and usually requiring
surgery 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 atraumatic, multidirectional, commonly bilateral,
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.

RADIOGRAPHIC 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
by MRL

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 dislocation, 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 arthroplasty
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 flat, triangular bone located on the posterior aspect of the
chest. It has three bony processes: the coracoid 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 trapezius 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 trapezoid 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 diarthrodial 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 of 25 years; therefore, epiphyseal separations rather than
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true sternoclavicular dislocations occur in patients below 25 years of age.
This is important, because physeal injuries will remodel and joint dislocations
will not.

Behind the sternoclavicular joint are the major blood vessels, the trachea,
and the esophagus. The brachial plexus and subclavian artery continue later-
ally, posterior to the clavicle, passing over the first rib, and anterior to the
scapula just distal to the coracoid. The costoclavicular space may be decreased
by a fracture of the first rib or medial portion of the clavicle, resulting in acute
neurovascular injury or late compression. The axillary nerve passes below
the neck of the glenoid and is frequently injured in shoulder dislocations. The
suprascapular nerve passes through the scapular notch medial to the base of
the coracoid under the transverse scapular ligament. It continues distally
through a fibroosseous tunnel (spinoglenoid notch) formed by the scapular
spine and the spinoglenoid ligament to end in the infraspinatus muscle.

FRACTURES OF THE CLAVICLE
Classification

Clavicular fractures are classified according to location as distal-, middle-, and
proximal-third fractures. The mechanism of injury is either a direct blow or an
axial load resulting from a fall or blow on the lateral aspect of the shoulder.

Distal-third fractures are further classified 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 fractures are characterized by disruption of the coraco-
clavicular ligaments. The weight of the arm pulls the distal fragment inferi-
orly, and the trapezius and sternocleidomastoid pull the proximal fragment su-
periorly. Type III fractures are intraarticular, usually undisplaced, and
frequently become symptomatic years later as posttraumatic arthritis.

Middle-third fractures are the most common type of clavicular fracture.
The proximal fragment is displaced superiorly by muscle pull; the distal frag-
ment is displaced inferiorly by the weight of the arm.

Fractures of the proximal third of the clavicle, excluding injuries of the
sternoclavicular joint, are uncommon and frequently pathologic.

FIG. 8-1 The three types of distal clavicular fracture: (A) type |, (B) type II,
and (C) type Ill.
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Diagnosis and Initial Management
History and Physical Examination

The clavicle is subcutaneous; therefore swelling and deformity are obvious,
and tenderness on palpation reveals the site of the injury.

Radiographic Examination

Radiographic confirmation and evaluation of fractures of the clavicle are done
with anteroposterior and 45-degree cephalic tilt views with the patient upright.
Radiographs of proximal-third fractures may occasionally have to be aug-
mented with computed tomography (CT). In fractures of the distal third of
the clavicle anteroposterior, radiographs of both acromioclavicular joints with
the use of 5- to 10-1b weights are obtained to determine the presence of liga-
mentous disruption.

Initial Management

Initial management consists of a sling.

Associated Injuries

Associated injuries to the chest, brachial plexus, and major vessels are ruled
out by history and physical examination. Visceral injury is associated with
high-energy trauma, an open fracture, and fracture of the first rib or scapula.
Scapulothoracic dissociation is a devastating injury associated with clavicular
fracture or dislocation. The diagnosis is confirmed by lateral displacement of
the scapula, with an associated injury of the clavicle, acromioclavicular joint,
or sternoclavicular joint. There is frequently an associated injury of the brachial
plexus or axillary artery. Complete brachial plexus injury is an indication for
primary above-elbow amputation. Axillary artery disruption can be managed
by prompt vascular surgical repair.

Ipsilateral fracture of the 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 Floating shoulder. (Courtesy of Dr. Enes Kanlic.)
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Definitive Management

Open reduction and internal fixation of fractures of the distal third of the
clavicle is indicated if there is superior displacement of the proximal frag-
ment due to disruption of the coracoclavicular ligaments or there is intra-
articular displacement. Type I and undisplaced type III distal clavicular frac-
tures are managed symptomatically with a sling. The figure-of-eight splint
has no value for fractures of the distal third. Type II distal clavicular fractures
and the rare displaced type III fractures are managed with open reduction and
internal fixation. The distal clavicle is exposed through an incision over its
anterior subcutaneous border. The fracture is stabilized with a T (or one-third
tubular) plate. Type II fractures of the distal third of the clavicle treated non-
operatively are associated with a high rate of symptomatic nonunion (Fig. 8-3A
and B).

Fractures of the middle and proximal third of the clavicle are treated
with manipulative reduction and immobilization with a figure-of-eight splint
that holds the shoulders dorsally. The splint is applied and tightened with the
shoulders retracted. It will stretch and loosen; therefore it must be tightened
every morning for the first few days. A sling supports the arm the first week.
After 4 or 5 weeks, fracture healing has usually progressed to the point where
immobilization is no longer required.

Indications for primary open reduction of middle- and proximal-third cla-
vicular fractures include the threat of skin penetration by fracture fragments,
initial fracture shortening of 2 cm or more, irreducible displacement (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-
lothoracic dissociation). Exposure of the clavicle is through an incision along

FIG. 8-3 Type Il 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-contact dynamic com-
pression plate with a minimum of six holes is contoured and placed on the
flat superior surface of the clavicle. Autogenous cancellous grafting is required
with extensive comminution, devitalized bone fragments, or loss of continuity.
Postoperatively, the arm is supported in a sling until callus formation becomes
evident at about 4 weeks.

Complications

Complications consist of nonunion, malunion, and neurovascular compromise.

Nonunion of fractures of the middle third of the clavicle occurs more fre-
quently following high-energy injuries. Atrophic nonunions are radiographi-
cally obvious. Tomography or fluoroscopic examination may be required to
demonstrate the more common hypertrophic nonunion. Management of symp-
tomatic nonunions includes open reduction, internal fixation, and bone grafting
(Fig. 8-4).

Malunion of middle-third clavicular fractures is frequent and usually a cos-
metic problem associated with shortening of the shoulder girdle and inferior
displacement of the shoulder. Shoulder pain and weakness are frequently as-
sociated. Symptomatic shortening or angulation resulting in tenting of the skin
is managed with osteotomy, with internal fixation to restore clavicular length
and bone grafting.

Neurovascular complications result from displacement of the fracture frag-
ments at the time of injury, from associated injuries (e.g., first rib fracture),
and from late sequelae associated with hypertrophic callus or shortening of the
clavicle. Dysesthesias on the ulnar side of the hand and forearm as well as
weakness and pain in the involved shoulder brought on by prolonged activity
suggest a thoracic outlet syndrome and must be differentiated from symp-
toms associated with a hypertrophic nonunion. Provocative testing, angiogra-
phy, electromyography, and CT are useful in determining the presence of neu-
rovascular compromise. Corrective osteotomy to restore clavicular length
and resect hypertrophic callus may be required.

Subclavian vein obstruction between the clavicle and first rib is character-
ized by prominence of the veins in the ipsilateral upper extremity.

FRACTURES OF THE SCAPULA

Fractures of the scapula are rare and often associated with other severe in-
juries. As a result, nearly 50% of injuries are overlooked initially. The most
common associated injury is fracture of the ipsilateral ribs, with hemopneu-
mothorax occurring in approximately one-third of high-energy injuries.

FIG. 8-4 Nonunion of the clavicle.
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Classification

The most 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 displacement, 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 (extraarticular), the acromion, the coracoid process, and the glenoid
(intraarticular). Intraarticular fractures of the glenoid are subdivided into
undisplaced and displaced fractures. Displaced fractures are simple (i.e., part
of the glenoid is intact) or complex (i.e., the entire articular surface of the
glenoid is fractured) (Fig. 8-5).

Diagnosis and Initial Management
History and Physical Examination

Pain is localized in the shoulder and back. The arm is adducted and protected
against motion. Ecchymosis and swelling are minimal due to the location of the
scapula beneath layers of muscle. Loss of active abduction and forward elevation
of the arm, known as pseudoparalysis of the rotator cuff, is often associated
with scapular fracture and is the result of intramuscular hemorrhage and pain.

Radiographic Examination

Radiographic evaluation of the scapula includes true anteroposterior and lat-
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 fractures of the scapular body and acromion. The axillary view
will show fractures of the coracoid and glenoid. Magnetic resonance imaging
(MRI), CT, and anteroposterior and lateral chest radiographs provide addi-
tional information.

FIG. 8-5 The six types of scapular fractures: (A) fracture of the body, (B)
extraarticular fracture of the neck of the glenoid, (C) 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 et al. (1987), with the 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 MRI 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-
ment on 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 the base or the tip. When minimally displaced, they heal uneventfully.
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FIG. 8-6 Postoperative radiograph of the patient shown in Fig. 8-2. (Courtesy
of Dr. Enes Kanlic.)

Displaced coracoid fractures occur in combination with an acromioclavic-
ular dislocation. The coracoid is avulsed from the scapula by the coracocla-
vicular ligaments. Management is open reduction and fixation of the coracoid
with a single screw and temporary transarticular fixation of the acromiocla-
vicular dislocation. Displacement of the coracoid can cause compression of
the suprascapular nerve and paralysis of the external rotators of the shoulder
(i.e., the supraspinatus and infraspinatus). When this occurs, open reduction
and fixation of the coracoid and decompression of the nerve are indicated.

The management of intraarticular fractures of the glenoid is based on the
amount of displacement, the type of fracture, and the presence of glenohumeral
instability.

Undisplaced fractures are managed with a sling and immobilization as
described for fractures of the body of the scapula. Displaced simple fractures
(3 mm or more) are managed with open reduction and internal fixation. The
degree of congruity of the articular surface is determined by anteroposterior,
glenoid tangential, and axillary radiographs and CT. Instability of the gleno-
humeral articulation is expected when the fragment is displaced 1 cm and
when the fragment comprises one-fourth of the articular surface. Frequently,
subluxation will be evident on the initial radiographs. An anterior approach
through the deltopectoral interval is used to expose fractures of the anterior
glenoid rim only. Transverse, vertical, and minimally comminuted fractures
where reduction and fixation can be obtained should be approached posteri-
orly, as described by Brodsky et al. (1987) and Kavanagh et al. (1993). Poste-
rior exposure is accomplished with the patient prone or in the lateral decubitus
position. Through a vertical incision, the posterior deltoid is mobilized either
by abducting the arm or by a limited release from the scapular spine, and the
interval between the infraspinatus and teres minor is developed to expose the
fracture and posterior capsule. The axillary nerve and posterior circumflex
humeral vessels are identified and protected, as is the suprascapular nerve. Ad-
ditional exposure may be obtained with a vertical incision through the tendi-
nous portion of the infraspinatus muscle. Large fragments are reduced and sta-
bilized with screws or plates. Kirschner wires and cerclage wires may break or
migrate and are not used. In severely comminuted fractures, the fragments
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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.

Complications

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 retrosternal.

Diagnosis and Initial 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.
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Radiographic Examination

Routine anteroposterior radiographs of the sternoclavicular joint are not di-
agnostic. Two projections designed to show sternoclavicular joint dislocation
are the Hobbs view and the Rockwood view. In the Hobbs view, the seated pa-
tient leans forward over a cassette so that the back of the neck is parallel to
the table. The beam is directed through the neck onto the cassette. In the Rock-
wood view, the patient is supine. The beam is tilted 40 degrees cephalad and
aimed at the sternum. A cassette is placed on the table so that the beam will
project both clavicles onto the plate. In an anterior sternoclavicular dislocation,
the clavicle appears to be anterior and riding higher than that on the unin-
jured side (Fig. 8-7). In a retrosternal dislocation, the clavicle appears to be
posterior and is lower than that on the uninjured side. CT scans provide a more
accurate assessment of the injury (differentiating sternoclavicular dislocation
from fracture of the medial end of the clavicle) and the adequacy of reduction
(Fig. 8-8).

Initial Management

Initial management consists of a sling. The patient is observed for respiratory
and circulatory problems.

Associated Injuries

Compression of the structures of the superior mediastinium may occur with
posterior dislocation and should be specifically ruled out. Acutely, this may be-
come life-threatening; subacutely, it is an indication for surgery. Symptoms
of compression of these structures include shortness of breath and hoarseness,
dysphagia, paresthesia, or weakness of the upper extremity. Chronic thoracic
outlet syndrome with symptoms of dysesthesias and ischemia is associated
with pallor and venous prominence of the involved extremity when placed in
a position of 90 degrees of abduction and external rotation.

Definitive Management

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

FIG. 8-7 Rockwood view of a right anterior sternoclavicular dislocation.



8 FRACTURES AND DISLOCATIONS OF THE CLAVICLE AND SCAPULA 95

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 directed force is placed on the anterior aspect of both
shoulders, and the 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.

Treatment of a retrosternal dislocation of the clavicle is more important. A
thoracic surgeon is consulted if the patient has compression of the structures
of the superior mediastinum. The technique of manipulative reduction has
been described by Buckerfield and Castle (1984). A bolster is placed between
the shoulders. The bolster should be thick enough to elevate both shoulders
from the table. With the arm adducted to the trunk, caudal traction is applied
to the arm while both shoulders are forced posteriorly by direct pressure. Per-
cutaneous manipulation with a towel clip may be required. Reduction is con-
firmed by lordotic radiographs and CT imaging. Once reduced, the retroster-
nal dislocation is usually stable. A figure-of-eight clavicular strap is used to
hold the shoulders retracted for 4 to 6 weeks.

If closed reduction fails, open reduction is indicated when there are symp-
toms of mediastinal compression or to prevent subsequent damage to ret-
rosternal structures on the medial end of the clavicle. Metallic internal fixation
is dangerous and should not be used.

Complications

The incidence of complications from retrosternal dislocation of the clavicle
is 25%. The symptoms associated with these complications are usually cor-
rected with reduction; however, pneumothorax, laceration of the great vessels,
and rupture of the trachea and esophagus require emergency intervention. The
most serious long-term complications are the result of migration of metallic
fixation devices.

Most patients with persistent traumatic anterior displacement of the medial
end of the clavicle do not require operative treatment. Resection arthroplasty
of the sternoclavicular joint with reconstruction using the subclavius tendon or
the intraarticular sternoclavicular ligament and repair of the costoclavicular
ligament to stabilize the medial portion of the clavicle to the first rib may be
indicated for severe pain in chronic traumatic anterior dislocations and to treat
thoracic outlet syndrome or to prevent damage to retrosternal structures with
chronic unreduced posterior dislocation. Transaxial resection of the first rib
might also be considered.
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ACROMIOCLAVICULAR JOINT INJURIES
Classification

Acromioclavicular joint injuries are classified according to the amount and di-
rection of displacement into seven groups (Fig. 8-9). In type I injuries, the
acromioclavicular capsule is stretched, but the coracoclavicular ligaments re-
main intact. The clavicle is undisplaced. In type II injuries, the acromiocla-
vicular capsule is torn and the coracoclavicular ligaments are stretched or
partly torn. The clavicle is displaced less than one-half of its width. In type
I injuries, both the acromioclavicular capsule and coracoclavicular ligaments
are torn, the coracoclavicular distance is increased, and the clavicle is com-
pletely dislocated from the acromioclavicular joint. The deltoid and trapezius
muscles are intact and remain attached to the 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
skin and subcutaneous tissue. In type VI injuries, the distal clavicle is dislo-
cated inferiorly and locked below the coracoid and conjoined tendon. Type
VII injuries are panclavicular dislocations.

Diagnosis and Initial Management

History and Physical Examination

There is a history of an axial-loading injury to the lateral aspect of the shoulder,
with pain, swelling, and tenderness increasing around the acromioclavicular

)
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FIG. 8-9 The seven types of acromioclavicular injuries: (A) type |, (B) type
I, (C) type llI, (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 III 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 arm 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 confirmation 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 1b 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 III 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 IV 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.

Definitive Management

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 III 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 through
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 cm of the clavicle and transfer of the coracoacromial ligament 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 Il acromioclavicular separation treated by a modified
Weaver-Dunn procedure.

nonabsorbable suture looped under the coracoid process and around the clav-
icle to tether the clavicle to the coracoid are associated with frequent material
complications.

Type IV, V, and VIinjuries are treated with open reduction and internal fix-
ation of the acromioclavicular joint. Type VII injuries are managed with open
reduction and stabilization of the acromioclavicular joint and closed reduction
of the sternoclavicular joint. Reduction of the sternoclavicular joint is main-
tained with a figure-of-eight splint.

Complications

Complications include shoulder stiffness, deformity, chronic dislocation, and
posttraumatic arthritis. Shoulder stiffness is prevented with early range-of-
motion exercises. The deformity diminishes but does not disappear. Symp-
tomatic chronic dislocation and posttraumatic arthritis are managed with re-
section of the distal 2 cm of the 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 following open management are more significant. The most
frequent is loss of reduction. The most significant is breakage and migration of
a pin, which is potentially fatal if the pin migrates into the thoracic cavity.
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9 Fractures of the
Humeral Shaft

Prahlad S. Pyati

Fractures of the shaft of the humerus account for 2 to 3% of all fractures
treated by orthopedic surgeons. 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 humeral
fractures. The shaft of the humerus 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 cm
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.

Etiology

Most fractures are due to low-energy trauma such as falls, minor motor vehicle
accidents, gunshot wounds, or birth trauma. More complex fractures usually

100
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result from severe vehicular crashes or penetrating injuries. Pathologic frac-
tures are often due to metastatic lesions.

Location

Fractures of the humerus can occur in the proximal, middle, or distal thirds
of the shaft (Fig. 9-1). In the proximal half of the humerus, fractures can be
above the insertion of the pectoralis major, between the pectoralis major and
deltoid insertions, or below the deltoid insertion. The location of the fracture
determines the type, extent of angulation, and displacement. Segmental frac-
tures are not uncommon.

Pattern

Most fractures are simple, transverse, oblique, spiral, or comminuted (Fig. 9-1).
The Holstein-Lewis fracture is a well-recognized pattern that occurs in the dis-
tal portion of the bone (Fig. 9-2).

Type

Most fractures by far are closed. Open fractures are seen occasionally, and
these are classified according to the established Gustillo-Anderson system.
Complicated fractures are known to be associated with neurovascular injuries,
especially injuries involving the radial nerve. The Holstein-Lewis distal-third
spiral type of fracture is often associated with radial nerve entrapment.

AO Classification

This classification system, from the Association for the Study of Internal Fix-
ation (AO-ASIF), follows standard ABC groups and represents a spectrum of
increasing fracture severity. For humeral diaphyseal fractures, this system is
based on the amount of comminution, with type A fractures having no com-
minution, type B fractures having a butterfly fragment, and type C fractures
having comminution.

i
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FIG. 9-1 The shaft of the humerus extends from the lesser tuberosity to the
supracondylar ridge (unshaded area). Fractures may be classified as occurring
in the proximal, middle, or distal third (A). Types of fractures are described as
transverse (B), oblique/spiral (C), segmental (D), or comminuted (E).
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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
Clinical Features

Fractures of the humeral shaft are fairly easy to diagnose clinically. A history
of trauma is followed by severe pain, deformity, and loss of function. Swelling
and ecchymosis soon follow. Gradual migration of subcutaneous ecchymosis
distally may alarm the patient, who should be reassured.

Physical examination should include an evaluation of the skin to distinguish
between closed and open fractures. Neurovascular integrity must be carefully
tested and well documented. This should include both motor and sensory ex-
amination. Although the most common nerve involved is the radial nerve, in-
juries to median and ulnar nerves are known to occur. Vascular injuries are
well known in fractures secondary to penetrating trauma.

Imaging Studies

Most fractures are diagnosed with routine radiographs to include two orthog-
onal views. Care must be taken not to rotate the extremity but to rotate
the patient while obtaining the films. One must insist on visualizing adjacent
joints so as not to miss associated injuries to the shoulder and elbow joints. De-
pending on the clinical evaluation, radiographs of the forearm may be required
to exclude floating elbow injuries. Additional studies, such as a computed to-
mography (CT) and magnetic resonance imaging (MRI) are not necessary
unless a pathologic fracture is suspected. If necessary, electrodiagnostic stud-
ies for nerve injuries should be performed 3 to 4 weeks after the injury.

Associated Injuries

Radial nerve injury may occur in up to 18% of closed humeral shaft fractures;
it is usually of the neuropraxia type owing to fracture displacement at the time
of injury. Spontaneous recovery occurs within 4 to 6 months after injury in 90
to 100% of patients. When there is no evidence of spontaneous recovery within
6 to 8 weeks, electromyography should be performed to determine whether
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exploration is indicated. The Holstein-Lewis fracture is well known to be as-
sociated with radial nerve palsy. Radial nerve injuries associated with open
fractures and penetrating injuries may involve a laceration of the nerve and
are less likely to recover spontaneously; such patients may need surgical ex-
ploration. Median and ulnar nerve injuries are rare in closed fractures.
Vascular injuries are less likely to occur in closed fractures. However, they
should be suspected in severe open fractures, crush injuries, and penetrating
injuries. If such an injury is suspected, angiography may be indicated and an
emergency consultation with the vascular service must be obtained.

MANAGEMENT
Initial Management

The goal of initial management is reduction and immobilization of the fracture
until plans for definitive treatment are established. In most patients, a simple
coaptation splint (Fig. 9-3) or shoulder immobilizer is adequate. However,
open fractures need urgent care, as determined by their severity. Patients with
fractures associated with simple gunshot wounds, type I open fractures, should
receive local wound care and intravenous antibiotics. It is not always neces-
sary to perform extensive debridement unless the soft tissue injury requires
it. Vascular injuries demand immediate attention. Nerve injuries do not require
special care initially, but one must be mindful of them while manipulating
the fracture. Wrist- and finger-drop deformities must be splinted to prevent
contracture.

External fixation is often used in the initial care of open fractures with
extensive soft tissue injury, severe comminuted fractures, and fractures with
vascular injuries (Fig. 9-4A). Most standard external fixation systems can be
adapted to the humerus. External fixation is usually applied on the lateral sur-
face of the humerus. In managing fractures in the distal half of the humerus,
it is advisable to expose the lateral surface of the bone and insert the pins under
direct vision to protect the radial nerve. External fixation systems are often
replaced by more definitive methods (Fig. 9-4B) or continued until the frac-
ture is united. Standard protocols for pin-site 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 fixator (A). Plate fixa-
tion with bone grafting, using a posterior approach, was done after the exter-
nal fixator was removed (B).

Definitive Management

There are two modalities of definitive management of humeral shaft fractures:
nonoperative and operative. The goals of treatment are to accomplish solid
fracture healing and achieve full functional recovery so that the patient can re-
turn to his or her prefracture occupation with the fewest complications.

The key to successful management of a humeral fracture lies in determin-
ing the most appropriate of these approaches. Ultimately, the benefits and risks
of each procedure must be evaluated, and care must be taken to minimize com-
plications and avoid further injury. The choice of an appropriate method to treat
the humeral fracture must be made on an individual basis. Consideration must
be given to the fracture pattern, closed or open nature of the injury, associated
polytrauma, soft tissue injuries, other associated injuries, and age and body
habitus of the patient. The experience of the treating physician will also play a
role. Knowledge of the basic mechanism of fracture healing associated with
each method is helpful. The biomechanics of fracture healing and fracture sta-
bility are described in detail by Sarmiento and discussed in Chap. 6.

Nonoperative Management

For isolated fractures of the humeral shaft, nonoperative treatment methods
achieve high union rates of up to 90%, with few complications. Nonopera-
tive treatment should therefore be regarded as the primary option in most pa-
tients. Commonly used methods of closed management include the hanging
arm cast, coaptation splint, and functional bracing. Other less used methods in-
clude the Velpeau dressing, abduction casting or bracing, and skeletal traction.

Unlike the case in long bone fractures of the lower extremities, some minor
deformities are acceptable. Klenerman has proposed that as much as 20 degrees
of varus angulation, 15 degrees of rotation, and up to 2 cm of shortening are
compatible with a good functional outcome. Rotational malalignment is easily
compensated by shoulder motion. It is important for the patient to understand
and accept these malalignment outcomes.

The hanging arm cast (Fig. 9-5) was initially introduced by Caldwell in
1933. A long arm cast is applied from below the axilla with the elbow at 90 de-
grees of flexion. A loop attached 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 the alignment.

the neck, helping to maintain correct alignment of the fracture. This method
works on the principle of the gentle gravity traction afforded by the cast to
maintain alignment of the fracture. Hence the patient must be instructed to
remain in an upright or sitting position at all times. Frequent examinations
are required to monitor fracture alignment, and the position of the loop may
have to be adjusted periodically on the forearm to correct the angulations of
the fracture. A hanging arm cast may be used as the definitive treatment option
until fracture union is achieved. Alternatively, the cast may be used until sat-
isfactory alignment is obtained and the fracture is “sticky.” A coaptation splint
or functional brace may then be applied and used until the fracture is fully
united. Contraindications for treatment with a hanging arm cast include trans-
verse midshaft fractures and fractures in obese patients and in large-breasted
women. In such patients this method is likely to lead to distraction, nonunion,
and angulations.

The coaptation splint (sugar-tongs or U splint) is fairly simple to use (Fig.
9-3). A padded plaster splint is applied starting in the axilla, going around the
elbow, continuing along the lateral aspect of the arm, and ending near or over
the acromion. A sling is used to support the arm, and fracture alignment should
be closely monitored. To some extent, this method works on the principle of
soft tissue compression to maintain fracture alignment. Although the coaptation
splint is simple to use, there are some disadvantages, such as minor to moder-
ate swelling of the forearm and hand or stiffness of the shoulder. It may be
difficult to maintain acceptable alignment. Again, this method is not well suited
for obese patients or female patients with large breasts.

The functional brace, introduced by Sarmiento in 1977, is a key advance-
ment in the nonoperative management of humeral shaft fractures and allows
many patients to achieve optimal outcomes without surgery (Fig. 9-6). The
brace may be used as an initial primary treatment. The functional brace is
more often applied 1 to 2 weeks after injury, as a follow-up treatment, once the
initial operative or nonoperative treatment has been completed. Because of
its simplicity and versatility, this method is widely used. A recent review by
Sarmiento and others describes this method in further detail. The functional
brace extends from the shoulder to just above the elbow and is usually made
of two conforming padded plastic splints, one medial and one lateral, held to-
gether with adjustable Velcro straps. The brace (a polypropylene sleeve) is
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FIG. 9-6 Prefabricated functional brace. An adjustable strap is shown.

either custom-made or obtained as a prefabricated off-the-shelf unit; it works
on the principles of gravity and soft tissue compression. Therefore the brace
must remain snug around the arm and requires adjustment periodically as the
swelling subsides. The brace does not necessarily immobilize the fracture.
Some movement does take place at the fracture site, which may be useful in
stimulating callus formation. As in other forms of closed management, minimal
angulations are acceptable and are compatible with a good functional outcome.
One major advantage is that joint stiffness is avoided, as the brace allows for
shoulder and elbow motion. For a successful outcome with functional bracing,
the patients must be ambulatory, cooperative, and compliant with the rehabili-
tation programs. This method is not suitable for obese or bedridden patients.

The Velpeau dressing requires padding of the axilla and medial sides of the
arm with soft pads (to maintain alignment) and suspending the arm with a cuff
and collar. The humerus is then immobilized by wrapping an Ace or similar
bandage around the entire extremity and the chest. Introduced by Gilchrist,
this method is rarely used today for definitive treatment in adults. It can, how-
ever, be used as a temporary splint until definitive treatment is selected and has
a place in the management of humeral shaft fractures in children.

The following two methods are mentioned only briefly because they have
limited indications and are not well tolerated by most patients.

Abduction casting or bracing is similar to a shoulder spica and is applied
with varying angles of abduction of the shoulder to maintain alignment. The
cast or brace is rarely used today as it makes it awkward for the patient to
lead a normal life and there are now better and more effective management op-
tions available.

To implement skeletal traction at the bedside, a Steinmann pin is inserted
in the olecranon process. The patient must remain in bed for this treatment;
hence it is used only in very unstable fractures for short periods of time.

Operative Management
Indications for Operative Treatment

As previously mentioned, more than 90% of humeral shaft fractures can be
successfully managed by nonoperative methods. Operative treatment of
humeral shaft fractures becomes necessary in specific situations, as in patients
who cannot tolerate closed management, in those who cannot be placed in a
functional brace because of obesity or body habitus, or in those who have mul-
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tiple injuries. The decision should be based on several factors, including the
fracture’s characteristics, the surgeon’s capability, and the patient’s prefer-
ence. The importance of discussing the pros and cons of the various treat-
ment modalities with the patient cannot be overemphasized.

Specific Indications for Surgery in Acute Fractures

Polytrauma, including head, chest, or multiple system injuries
Bilateral humeral fractures or multiple long bone fractures
Associated ipsilateral fractures of radius and ulna or “floating elbow” injury
Open fractures

Segmental fractures with unacceptable alignment

Nerve injury following manipulation of a fracture

Associated articular injuries

Associated vascular injuries

Obesity

Noncompliant patients

Failed nonoperative treatment

Pathologic fractures

Periprosthetic fractures

Specific Indications for Surgery in Chronic Fractures

Delayed union
Nonunion
Malunion
Infection

Methods of Operative Treatment

Plate osteosynthesis is perhaps the “gold standard” for the fixation of humeral
fractures; it offers several advantages, including a high rate of fracture union
(Fig. 9-7A and B). The fracture site is readily exposed, enabling accurate align-
ment under compression with stable fixation. If necessary, bone grafts can eas-
ily be added to enhance fracture healing. The radial nerve can be visualized,
freed, and repaired if so indicated. Postoperatively, the adjoining joints can be
mobilized early so as to avoid joint stiffness. Functional recovery is fairly 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
brachialis 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. 9-7A 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.

Antegrade 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 humerus and is easier to imple-
ment than distal approach. The nails are introduced from the proximal end of
the humerus, 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-
eral surface of the humerus.

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



9 FRACTURES OF THE HUMERAL SHAFT 109

of the portal. Indications for this approach include fractures of the distal and
the middle thirds of the humerus. Shoulder problems are avoided, but minor
elbow problems are known to occur. Subsequent fractures of the humerus at
the site of the portal have been reported.

Type of nail. Historically, intramedullary nailing systems started out with
simple, flexible, nonlocking nails. These were gradually replaced by more
advanced, rigid, interlocking nails. Obvious disadvantages of nonlocking sys-
tems include suboptimal rigid fixation and lack of torsional control.

Flexible intramedullary nails include Rush pins and Ender’s nails. Rush
pins are straight rods that are available in various sizes and have a hook at
one end for easier removal. They are easy to introduce but lack rigidity and are
prone to migration. Hence they are no longer recommended. Ender’s nails
are flexible and usually two or three are used at a time. These nails offer more
rigid fixation than the Rush rods as well as some torsional control. More re-
cently, titanium flexible nails have become available. All types of nails can
be inserted using both antegrade and retrograde portals.

Rigid intramedullary nails. The most widely used nails are the rigid inter-
locking nails. Made by several manufacturers, they follow similar principles
and are used in either reamed or nonreamed versions. The standard method
of interlocking is by proximal and distal screw fixation (Fig. 9-8A and B). Seidel
nails have a different system of distal locking whereby expansile prongs are
deployed to lock into the inner wall of the distal humeral cortex. This type of
locking is prone to loosen, leading to complications. Hence, a screw locking
mechanism is preferable. For more proximal shaft fractures, special nails with
proximal locking screws, which lock into the head of humerus, are available
(Figs. 9-8 and 9-9).

FExpandable inframedullary nailing systems. More recently, several advanced
intramedullary nailing systems have been introduced. Unlike conventional
nails that rely on interlocking screws for axial and rotational 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
humeral stabilization. The nailing system is associated with minimal compli-
cations, predictable fracture healing, and 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). The proximal end of the nail is well seated to avoid shoulder impingement.
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Flexible locking intramedullary nails. These are articulated flexible nails
that allow both antegrade and retrograde implantation and static locking. Nail
insertion can be accomplished without violating 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 anterolateral shaft distal to the acromion. After
the flexible nail is introduced, it is stiffened by a wire mechanism. Proximal
and distal locking screws are also used. This approach avoids the shoulder
problems associated with the tuberosity portal. However, this implant should
be used with caution in any patient with a medullary canal of 8 mm or less in
diameter.

Plating osteosynthesis vs. intramedullary fixation. There is an ongoing
controversy regarding the relative benefits of plate osteosynthesis vs. intra-
medullary fixation with nailing. Valid arguments can be made in support of
either method. Two randomized studies are available for review. Results are
somewhat comparable; however, each method is associated with different sets
of complications. When performed antegrade, nailing is associated with a
higher incidence of shoulder pain and dysfunction, whereas plating using the
posterior approach is associated with elbow stiffness and pain. Further prospec-
tive studies involving large numbers of patients are needed to resolve this issue.

COMPLICATIONS

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

Nonunion is the most significant complication of humeral shaft fractures
(Fig. 9-9). If the fracture shows no evidence of healing by 12 to 16 weeks, it is
to be considered a nonunion. Generally speaking, surgical management tends
to result in a higher rate of nonunion than closed treatment methods (Fig. 9-9A).

The etiology of nonunion may be patient-, fracture-, or treatment-related.
Some of the more common factors include smoking, severe osteopenia, com-
minution (including segmental fractures), soft tissue interposition, distraction
at the fracture site, hardware failure (Fig. 9-9B), and 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. B. Hardware failure. C. Treatment with reamed
nailing, iliac 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. 9-90).

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. This 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
problem, 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 shortening. Fortunately, up to 20 to 25 degrees of angula-
tion, 15 degrees of rotation, and up to 2 to 3 cm of shortening 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 be 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.

REHABILITATION

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. Abraham

This chapter reviews fractures and dislocations 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 columns 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 surface 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 runs 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 carrying 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 consists 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 insertions 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 anterior margin of the radial notch. Posteriorly, it is broader and attached
to a ridge posterior to the radial notch (Fig. 10-2).

The capsule of the elbow joint attaches to the humerus anteriorly above
the coronoid and radial fossae and posteriorly above the olecranon fossa.
Distally, it attaches to the base of the coronoid process of the ulna and to
the annular ligament; it is continuous with the lateral and medial collateral
ligaments.

The principal muscles responsible for active elbow motion are divided into
four groups. The extensors are the triceps brachii and anconeus. The triceps
muscle inserts into the posterior surface of the olecranon process and along the
proximal ulna, where it is referred to as the extensor expansion. The flexors
comprise the brachialis, biceps, and brachioradialis. Anteriorly, the brachialis
muscle attaches to the coronoid process. The biceps tendon attaches to the
radial tuberosity. Forearm supination is the function of the biceps and supina-
tor, and forearm pronation is produced by the pronator teres and pronator
quadratus.

Modial band. Postarior band
FIG. 10-2 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 as a hinge. The
joint permits flexion to 160 degrees and extension to 0 degrees. Valgus stabil-
ity is provided primarily by the anterior fibers of the medial ulnar collateral
ligament and secondarily by the radiocapitellar articulation and anterior cap-
sule. The flexor-pronator muscles (especially the flexor carpi ulnaris) provide
an important dynamic component.

The lateral collateral ligament provides varus stability and is the major con-
straint, along with the lateral capsule, to posterolateral rotatory instability
(the lateral pivot shift test).

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

The radiocapitellar articulation is a pivot or trochoid joint and allows for both
flexion and extension of the ulnohumeral joint and forearm rotation of approx-
imately 165 degrees. It permits 80 degrees of forearm pronation and 85 degrees
of supination. The anterolateral quadrant of the radial head does not articulate
with the radial notch, even in the extremes of pronation and supination, and is
a portal for screw or Kirschner-wire fixation. An important relation between
the radius and capitellum is the constant axis of rotation. A line drawn along the
long axis of the radius transects the center of the capitellum regardless of the
degree of elbow flexion (Fig. 10-3). The longitudinal relation of the radius and
ulna is maintained by the forearm interosseous membrane, the triangular fi-
brocartilage complex distally, and the radiocapitellar articulation proximally.
Excision of a fractured radial head when the interosseous ligament is torn will
lead to proximal migration of the radius. When a collateral ligament is torn,
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 collateral ligament. It also transfers
stresses from the hand and wrist to the distal humerus. Forces applied in a
proximal direction axially along the shaft of the radius result in tightening of
the central tendinous portion of the interosseous membrane. These forces are
then transmitted from the radius through the interosseous membrane to the
ulna and eventually to the trochlea. When the radial head has been removed,
proximally directed stresses result in ulnar shift of the radius as opposed to
tightening of the interosseous membrane, thereby altering stress transmission
to the ulna and the mechanics of the distal radioulnar joint.

FIG. 10-3 A. Normal relation of the radial shaft and radial head to the cen-
ter of the capitellum. B. Dislocation of the anterior radial head.
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DISTAL HUMERAL FRACTURES

Fractures of the distal humerus account for one-third of humeral fractures.
Preservation of painless elbow motion in a functional range is the goal that
directs management. The unique anatomy of the distal humerus together with
its articulations with the radius and ulna has resulted in a complex classifica-
tion system of about 27 fracture types and subtypes.

Classification

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

Diagnosis and Initial Management
History and Physical Examination

There is pain and possibly instability or crepitus at the elbow. The mechanism
of injury is usually a fall from a height onto the outstretched hand or a direct
blow to the elbow. Isolated type A1 apophyseal fractures are expected to cause
localized pain and swelling without elbow instability. As the complexity of the
fracture increases (types B and C), deformity, instability, and crepitus appear. A
careful inspection of the skin is essential, as these fractures are often open.

Radiographic Examination

Anteroposterior, lateral, and oblique radiographs with longitudinal traction ap-
plied to the extremity show the full extent of the injury. Computed tomogra-
phy (CT) and other special views are occasionally useful in the assessment of
intraarticular fractures (e.g., shear fractures of the trochlea or capitellum).

Initial Management

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

TABLE 10-1 Definition of Main Fracture Types (OTA/AQ Classification)
A. Extraarticular fracture

1. Apophyseal avulsion of an epicondyle A )| i
2. Metaphyseal, simple circumferential fracture line I \
3. Metaphyseal multifragmentary ai= o)
oY
B. Partial articular fracture (part of articular surface
remains attached to the diaphysis) B
1. Lateral condyle sagittal . \,
2. Medial condyle sagittal (=uh
3. Frontal plane fracture of articular surface ey
C. Complete articular fracture (separated from the J
diaphysis) ‘K
1. Articular simple and metaphyseal simple C o
2. Articular simple and metaphyseal multifragmentary \J_J-\y

3. Articular multifragmentary
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elbow and forearm. Attempts to reduce unstable intraarticular fragments are
not necessary.

Associated Injuries

Compartment syndrome of the forearm is the single most important early com-
plication. The signs of compartment syndrome include disproportionate pain
at rest, pain with passive stretch of the muscles in the compartment, tense
compartments, and paresthesias. Elevated compartment pressures in the fore-
arm confirm the diagnosis of this surgical emergency. The brachial artery as
well as the radial, median, and ulnar nerves are structures at risk of injury with
these fractures. Radiographs of the entire extremity are helpful in locating
other fractures.

Definitive Management
Extraarticular Fracture—Type A (Fig. 10-4)

Lateral epicondylar fracture (A1.1). These are rare injuries seen predomi-
nantly in children. The isolated fracture results from a varus stress to the
elbow. In most cases, fracture displacement is minimal and elbow stability is
preserved. Treatment in these patients consists of immobilizing the elbow at
90 degrees of flexion with the elbow in supination and wrist in mild dorsi-
flexion. Large displaced fragments are reduced and fixed with screw or
Kirschner-wire internal fixation.

Medial epicondylar fracture (A1.2, A1.3). These fractures are usually seen in
children with open physes. A valgus stress to the elbow is the most common
mechanism. A direct blow is known to cause this fracture in adults. Displace-

A, A, A,
YT

i

Kocher Il posterior

FIG. 10-4 The OTA/AO classification of type A distal humeral fractures.
[From Orthopaedic Trauma Association Committee for Coding and Classifi-
cation. Fracture and Dislocation Compendium. J Orthop Trauma 10(suppl):
12-15, 1996.]
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ment of the epicondyle up to 1 cm 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
(A1.2). 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
arm is immobilized initially in a splint with elbow flexion at 90 degrees and
the forearm in neutral rotation. A radial pulse must be palpable throughout
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 Oblique fracture line extends from anterodistal to
posteroproximal, with posterior displacement of the
distal fragment.

High flexion The oblique fracture line is from anteroproximal to
posterodistal, with anterior displacement of the distal
fragment.

Low extension The fracture line is slightly oblique or transverse, with
posterior displacement of the distal fragment (OTA
subgroup A2.3).

Low flexion The fracture line is transverse or oblique, with the distal
fragment displaced anteriorly.

Abduction The oblique line extends from distal medially to proximal
laterally. The distal fragment displaces laterally (OTA
subgroup A2.1).

Adduction 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 Kirschner or Steinmann pins are placed from distal to proximal as
crossed pins starting in the medial and lateral epicondyles. Multiple pins are
occasionally necessary. Before the pins are placed, the fracture is reduced us-
ing closed or open techniques. An image intensifier is used to assist with the re-
duction and proper placement of the pins, but conventional radiographs, with
their better detail, should also be obtained to confim the adequacy of the re-
duction. The cut ends of the pins are usually left outside the skin for removal af-
ter the fracture has healed. A long posterior splint is used for 1 week with the
elbow held at 90 degrees of flexion. A long arm cast is then applied for an ad-
ditional 3 weeks. Prolonged immobilization of the elbow in an adult can lead to
permanent elbow stiffness. Pins are removed 6 weeks postoperatively. Elbow
motion is started as soon as there is adequate evidence of fracture healing.

Complications

Complications associated with pin placement include nerve damage, wound
infection, and loss of reduction. The ulnar nerve may be injured by the 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 placement
and can be extended if tension-band fixation is desired.

Open Reduction and Internal Fixation (Types A2 and A3)

ORIF is the treatment of choice for nearly all adult distal humeral fractures.
The goal of treatment is stable fixation allowing early restoration of functional
painless elbow motion, which would be endangered by the use of prolonged
immobilization or delayed union.

These goals are met by rigid internal fixation of the fracture. The preferred
exposure of the distal humerus is by the posterior approach. This can be ac-
complished by splitting the triceps and elevating it off the humerus, working
both medially and laterally as necessary.

Occasionally olecranon osteotomy may be beneficial, although it is usually
used for intraarticular fractures. The proximal end of the olecranon process
with the triceps tendon insertion is retracted proximally to expose the posterior
surface of the distal humerus.

Care is taken to identify and protect the ulnar nerve. Two plates are used
to fix the fragments and are placed at 90 degrees to each other so as to maxi-
mize fracture fixation. A 3.5-mm reconstruction plate on the lateral column
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and an LCDP, locking plate, or one-third tubular plate on the medial column
provide adequate fixation. In low transcondylar fractures, it may be neces-
sary to use the entire medial epicondyle by contouring the plate and transpos-
ing the ulnar nerve anteriorly. Locking plates are useful in patients with os-
teoporotic bone.

SINGLE-COLUMN FRACTURES (OTA GROUP B1 OR B2)

These uncommon unicondylar fractures extend into the joint. The lateral col-
umn is more frequently affected. An oblique fracture of either the medial or
lateral column passes through the intercolumnar area 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 mechanism of the fracture pat-
tern is an asymmetrical axial loading force across the elbow on either the
capitellum by the radial head to create a lateral column fracture or the trochlea
by the ulna to create a medial column fracture.

Classification

Milch described two types (Fig. 10-6). In type I fractures, the lateral column of
the trochlea is intact. In type II fractures, the lateral portion of the trochlea is bro-
ken off with the fractured column, which may result in an elbow dislocation. The
higher the fracture is on the humerus, the greater the involvement of the trochlea.
The OTA/AO classification refers to these fractures as type B partial articular
fractures (Fig. 10-7). Type B1, with three subgroups, involves the lateral col-
umn, and type B2, with three subtypes, involves the medial column.

Diagnosis and Initial Management
Definitive Management

A nondisplaced single-column fracture can be treated with a splint or long arm
cast for 3 or 4 weeks before starting therapy. Displaced or unstable fractures
should be treated with ORIF to allow early motion.

Lateral single-column fractures are exposed with Kocher’s approach,
whereas a medial incision can be used for the medial-column fracture. A pos-

lateral column medial column
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©

FIG. 10-6 High and low fractures of the lateral and medial columns (OTA
B1 and B2).
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FIG. 10-7 The OTA/AO classification of type B distal humeral fractures.
[From Orthopaedic Trauma Association Committee for Coding and Classifi-
cation. Fracture and Dislocation Compendium. J Orthop Trauma 10(suppl):
12-15, 1996.]

terior incision can also be used with partial elevation of the triceps on the in-
volved side for plate or lag-screw fixation. This permits improved visualiza-
tion of the joint to assess the articular surface reduction (Fig. 10-8).

FRACTURES OF THE CAPITELLUM (OTA TYPE B3)

The capitellum, an intraarticular structure, articulates with the radial head. The
fracture may be associated with other injuries, such as a radial head fracture or
a posterior elbow dislocation. The mechanism of injury is usually an axial
force, which causes the radial head to compress the articular surface of the
capitellum. The result is a shearing off of the articular cartilage and subchon-
dral bone in the coronal plane.

FIG. 10-8 High lateral unicolumn fracture treated with a single plate and
screws. A. Anteroposterior. B. Lateral.
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FIG. 10-9 The classification of isolated fractures of the capitellum: A. Hahn-

Steinthal fracture. B. Kocher-Lorenz fracture. C. Compression fracture of the
capitellum.

Classification

The fractures of the capitellum are divided into three types (Fig. 10-9). Type
I, referred to as the Hahn—Steinthal fracture, is a single fracture fragment of
the entire thickness of the capitellum (OTA Type B3.1). Type Il is a frac-
ture involving only the articular surface and subchondral bone. Type 111 is
a compression fracture with comminution of the articular surface. The OTA
group 3B.2 is a fracture of the trochlea and the lateral part of the capitellum.
The OTA 3B.3 is a fracture of the entire capitellum and a separate trochlear
fragment. The OTA 3B.2 and 3B.3 fractures are rare.

Radiographic Examination

Anteroposterior and particularly the lateral radiograph confirm the diagnosis
(Fig. 10-10). A low single-column fracture may not be easily differentiated
from a type I capitellar fracture. CT scan may be helpful in sorting out the ex-
act fracture fragments requiring fixation in the unusual 3B.2 and 3B.3 injuries.

Definitive Management

Type I fractures are most often displaced superiorly, and manipulative reduc-
tion of the fracture is usually incomplete. Open exploration of the fracture
through a lateral Kocher or Pankovich (anconeus) approach is recommended.

FIG. 10-10 Lateral radiograph of the elbow. This is a type | capitellar fracture.



10 FRACTURES AND DISLOCATIONS OF THE ELBOW 123

The single fragment is reduced and temporarily held with smooth Kirschner
wires. Percutaneous cannulated screws (2.7 or 4 mm) or headless compression
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 has been successfully used to treat
type I fractures. Rigid fixation and early mobilization reduce the chance of
avascular necrosis and lead to the best recovery of elbow motion. If the
capitellar fracture cannot be adequately immobilized or if the fracture frag-
ments during fixation, excision of the capitellum may be necessary.

Type II and III fractures are more difficult to fix because of lack of sub-
chondral bone for screw or wire purchase and due to fragmentation. Here the
fragments usually need removal and range of motion is started 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 fracture, the capitellar
fragment is fixed and the radial head fracture is fixed or excised if comminuted.
A medial collateral ligament tear may preclude the excision of the radial head:
a radial head prosthesis 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 humeral fracture, ulnar fracture, or elbow
dislocation. Whenever possible, the trochlear fragment is reduced and fixed, as
described for the capitellar fractures, with cannulated screws, headless com-
pression screws, or a tension-band Kirschner-wire construct. Invariably a
small trochlear fragment is removed if satisfactory reduction and rigid fixation
are not possible.

INTRAARTICULAR BICOLUMN FRACTURE (OTA/AO C3)

The incidence of intraarticular bicolumn fractures ranges from 5 to 37% in
adults. The mechanism of injury is not clearly established. The most com-
mon accepted theory is a blow to the olecranon process with the elbow acutely
flexed. The olecranon acts as wedge between the medial and lateral columns
of the distal humerus. In one study, type C fractures occurred in 37% of all dis-
tal humeral metaphyseal fractures, mainly in females.

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 view shows superior displacement of both trochlea and capitellum.
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Classification

The OTA/AO classification affords a comprehensive breakdown of these frac-
ture patterns (Fig. 10-12). OTA/AO Cl1 is a T-condylar fracture without frag-
mentation. In the OTA/AO C2, there is metaphyseal comminution. The OTA/
AO C3 has intraarticular fragments, which may be associated with metaphy-
seal fragmentation. Some researchers find the AO/OTA radiographic classifi-
cation to be overly complex in some regions and incomplete in other fracture
patterns as determined at the time of surgery. In one large study, the C1, C2,
and C3 fractures occurred with equal frequency.

Diagnosis and Initial Management
Initial Treatment

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

Definitive Management

The primary goal of treatment of intraarticular bicolumnar fractures of the dis-
tal humerus (Fig. 10-13) is restoration of painless functional-range elbow
motion. Surgical management best accomplishes these goals, although non-
operative or limited surgical treatment options exist.

Nonoperative or Limited Surgical Treatment

Nonoperative or limited surgical treatment includes closed reduction and im-
mobilization, the “bag of bones method,” and an external fixator.

Closed reduction and immobilization is not a popular approach. Prolonged
immobilization of the elbow at 45 degrees is needed, and invariably this treat-
ment leads to a stiff elbow with malunion or nonunion.

£ G 6
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FIG. 10-12 OTA/AOQ classification of type C fractures. [From Orthopaedic
Trauma Association Committee for Coding and Classification. Fracture and Dis-
location Compendium. J Orthop Trauma 10(suppl):12-15, 1996.]
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FIG. 10-13 Anteroposterior radiograph of elbow. T-type intraarticular fracture
(type C1.1).

The bag-of-bones method for the infirm patient who is not a candidate for a
formal surgical intervention consists of reduction of the fracture by compressive
manipulation of the distal fragments, followed by “collar-and-cuff strapping”
and early joint motion at 2 weeks. This treatment is not for the active patient.

External Fixator

An external fixator can be an excellent alternative to skeletal traction (Fig.
10-14), since mobilization of the patient is possible. Severely comminuted
open fractures such as may be seen with gunshot injuries are ideal for this
initial management. The fixator is applied laterally on the extremity. It spans
the elbow by using humeral and ulnar pins. A hinge in the fixator can afford
stable elbow motion. The use of the external fixator can be combined with a lim-
ited open reduction of the fracture and fracture fixation with cannulated screws

Q

FIG. 10-14 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. This 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 of bicolumnar 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 column 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.



10 FRACTURES AND DISLOCATIONS OF THE ELBOW 127

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 later. Both stable 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 primary treatment alternative in the elderly. Osteopenia of the frag-
ments or advanced arthritis are conditions that favor a replacement arthroplasty.

Complications

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 DISLOCATIONS

Diagnosis and Initial Management (Radial Head Fractures)
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



128 HANDBOOK OF FRACTURES

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. If the elbow “books” open with a gentle valgus stress, the medial col-
lateral ligament is torn. Posterolateral instability is also determined 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. If 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 Initial Management (Olecranon Fractures)
History and Physical Examination

There is pain localized to the elbow and a history of trauma. Type II 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 injuries 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. If 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.

History and Physical Examination (Coronoid Fractures)

A fall on an outstretched arm 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 perform
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 III 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 Initial 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 Management

The elbow is splinted on a pillow or held in a posterior splint until radiographs
are obtained and a closed reduction can be performed.

Associated Injuries

Associated injuries of the surrounding neurovascular structures occur. The
most clinically significant injury involves the brachial artery. Associated in-
juries of the median, ulnar, and radial nerves occur with relative frequency;
therefore a careful neurologic examination is essential.

Associated bone injuries are also common. The most clinically significant are
fractures of the coronoid process and the radial head or neck. The combination
of an elbow dislocation with a coronoid process fracture and radial head fracture
will render the elbow unstable (known as “the terrible triad of the elbow”) and
require open reduction and reattachment of the coronoid process fracture and
ORIF or replacement of the radial head fracture to achieve stability.

An undisplaced fracture of the radial head or neck may displace during
closed reduction. In addition to radial head and neck fractures, there are
frequently fractures of the medial or lateral epicondyles. These fractures
become clinically significant when they prevent a concentric reduction; if
they remain displaced, nonunion is likely. Radiographs of the distal humerus
are examined for evidence of intraarticular osteochondral fractures; these can
prevent concentric reduction and increase the likelihood of posttraumatic
arthritis.

RADIAL HEAD FRACTURES
Classification

Fractures of the radial head are classified according to displacement, extent
of involvement, and associated dislocations (Fig. 10-15). Type I fractures are
displaced <2 mm. Type II fractures are displaced fractures involving only part
of the joint surface. The comminuted type III fractures involve the entire head
or neck (Fig. 10-16). Type IV fractures are radial head fractures associated
with elbow instability or radioulnar dissociation (i.e., the Monteggia equiva-
lent or Essex—Lopresti lesion).

FIG. 10-15 The classification of radial head fractures: A. Type |. B. Type II.
C. Type Ill. D. Type IV, showing an associated ulnar fracture (Monteggia frac-
ture-dislocation).
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FIG. 10-16 Lateral radiograph of elbow: type Il comminuted radial head
fracture.

Definitive Management

The type of fracture determines management. Type I fractures (undisplaced)
and type II and III fractures without a mechanical block (60 degrees each of ac-
tive pronation and supination and 70 degrees of total assisted extension/flexion
after local anesthetic elbow block) are treated nonoperatively. The patient is
placed in a sling for 3 weeks and gentle active range of motion is encouraged.
At 3 weeks, the sling is discontinued and more aggressive physical therapy is
initiated.

Fractures associated with elbow instability, a loose body, or a mechanical
block to elbow motion require operative intervention. The decision to reduce
and internally fix the fracture or to excise the radial head, with or without
prosthetic replacement, is made after examination of stability under anesthe-
sia and once the fracture is exposed. Circumstances against fixation of the
radial head are an elderly patient, injury of the capitellum (if undisplaced or
repairable), and preexisting osteoarthritis. Circumstances for fixation include
a young patient, involvement of only part of the radial head (i.e., type II),
and associated instability (i.e., type IV). In patients with associated instabil-
ity, there are two alternatives: reduction and fixation of the radial head or ex-
cision and replacement of the head with a metallic prosthetic spacer, followed
by ligament repair.

Exposure through the anconeus approach is used only when the elbow
joint is stable and no additional repairs (coronoid or capsule and collateral
ligaments) are anticipated. The interval between the anconeus and flexor carpi
ulnaris is developed. The insertion of the anconeus is reflected from the ulna
and joint capsule by blunt dissection. If the capsule and synovium are not torn,
they are incised longitudinally. One should not hesitate to incise the annular
ligament to obtain wider exposure. In addition, the proximal or distal portion
of the capsular incision can be opened in the shape of a T. As the forearm is
pronated and supinated, the entire radial head is visualized. Some associated
fractures of the ulna and capitellum can be reduced and stabilized through
the same surgical approach.

Fragments are reduced and fixed with very small cortical screws (Fig. 10-17),
headless compression screws, or Kirschner wires. Ideally, the implants are
buried below the articular cartilage. It is important to remember that the an-
terolateral quadrant of the radial head does not articulate with the ulna and is
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FIG. 10-17 Fracture of the radial head (A), treated by open reduction and
internal fixation with a miniplate and screws (B).

therefore the optimal portal for fixation (Fig. 10-18). If depression of the ar-
ticular surface is present, elevation and bone grafting are performed.

If the radial head is resected, the neck is preserved. The edges of the meta-
physis 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 vitallium or titanium, is preferred over the once popular Silas-
tic implant (Fig. 10-19). A more recent two-piece modular design has several
choices of radial head and stem sizes. The stem is made to spin within the
radial canal with forearm rotation. Silicone synovitis and poor force-bearing
properties have ended the use of silicone prostheses.

Radial Head Fracture Associated with Elbow Instability

Prior to the incision and fixation or replacement of the radial head, the elbow
and forearm are put through a range of motion and stability is tested. If the
elbow subluxates posteriorly with the forearm in neutral rotation in the arc be-
tween 20 and 130 degrees, a lateral capsular disruption, lateral collateral lig-
ament rupture, or coronoid process fracture will need repair along with fixation
or replacement of the radial head. This requires an extended lateral incision
and, if needed, a medial incision to repair the medial collateral ligament. Alter-

FIG. 10-18 “Safe zone” of radial head for plate or screw placement.
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FIG. 10-19 Fracture of the radial head treated with metallic prosthetic re-
placement. Lateral radiograph of the elbow.

natively, a universal posterior incision with dissection laterally (and medially)
can be used.

The repair starts with the coronoid fracture, then the anterior capsule, the ra-
dial head, and finally the lateral ligaments along with the posterior lateral
capsule and extensor origin. Medial collateral ligament repair and the use of
a hinged external fixator follow sequentially if instability persists.

In addition to elbow stability, the stability of the distal radioulnar joint is as-
sessed. If radioulnar dissociation is present, the distal ulna will sublux dorsally
with pronation of the forearm. This requires fixation, as discussed further on.

Postoperatively, the arm is placed in a sling or, if an associated ligamen-
tous injury was repaired, a splint with the elbow at 90 degrees and the fore-
arm in pronation or neutral rotation. The sling or splint is removed three times
a day for supervised active assisted range-of-motion exercises. Flexion and ex-
tension are done with the forearm in pronation if lateral capsular/ligamentous
repair was necessary. Rotation is done with the elbow at 90 degrees. At 3 to
4 weeks, the sling or splint is discontinued. Patients with associated radioulnar
dissociation present a unique set of problems. In these injuries, the in-
terosseous membrane and distal radioulnar joint capsule are disrupted and
pronation and supination exercises may result in displacement. Therefore, af-
ter ORIF of the radial head, the distal radioulnar joint is pinned with the fore-
arm in neutral rotation. Four weeks postinjury, the pin is removed. The splint
is continued but is removed three times a day for range-of-motion exercises.
At 6 weeks, the splint is discontinued. In cases in which a prosthesis has been
used, consideration can be given to removal of the prosthesis 1 year postinjury
in young patients. At this time, the radius should not migrate proximally.

Complications

The complications following radial head fracture include loss of motion,
posttraumatic arthritis, instability, and shortening of the radius with resul-
tant wrist pain.

Loss of motion is the most common complication seen with either non-
operative or operative management. Surgical removal of displaced or angulated
small fragments or radial head excision for an incongruous radiocapitellar or
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proximal radioulnar joint often can improve joint motion.

Posttraumatic arthritis is managed with nonsteroidal anti-inflammatory
drugs (NSAIDs) and local steroid injection; occasionally, excision of the ra-
dial head is required.

Radial shortening can follow excision of the radial head. The patient com-
plains of pain at the distal radioulnar joint, made worse by grip and attempting
to rotate the forearm. In many cases, there is obvious proximal migration of
the radius in relation to the ulna. An MRI study may be required to demon-
strate disruption of the ligamentous portion of the interosseous membrane. In
symptomatic patients, when conservative treatment has failed, ulnar shorten-
ing is usually ineffective, as are most other methods of surgical reconstruc-
tion leveling the distal radioulnar joint.

In instances in which damage to the interosseous membrane is suspected,
radial head resection must be avoided. When the radial head fracture is too
comminuted to achieve internal fixation, a delayed radial head excision, the
use of a radial head prosthesis, and stabilization, repair, or reconstruction of
the central band of the interosseous membrane must be considered.

OLECRANON FRACTURES

Olecranon fractures involve the ulna proximal to the coronoid process. The
majority of olecranon fractures are intraarticular. There may be an associated
fracture of the radial head or displacement of the ulna with a dislocation of
the radiocapitellar articulation.

Classification

Olecranon fractures are classified into six types based on the presence of dis-
placement, intraarticular involvement, comminution, radial head fracture,
and radiocapitellar dislocation (Fig. 10-20). Type I fractures are displaced less
than 2 mm, without an intraarticular stepoff. Type II fractures are extraartic-
ular and involve the proximal portion of the olecranon. These fractures involve

FIG. 10-20 The classification of olecranon fractures: A. Type I. B. Type |I.
C. Type lll. D. Type IV. E. Type V. F. Type VI.
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an avulsion of the triceps tendon from the proximal ulna. Type III 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 Il or IV fracture).

Definitive Management

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 de-
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 IL, 111, IV, 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 III 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 III fractures and all type IV and V fractures are stabilized with
a plate and screws. A 3.5-mm reconstruction or dynamic compression plate
should be used on the dorsal (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 III fractures and type IV 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.

Complications

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 fracture 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 II 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. 10-21 Comminuted olecranon process fracture treated by plate fixa-
tion. Type lll radial head fracture replaced with a prosthesis. Note proximal con-
touring of the plate and orthogonal screw fixation.

anteriorly once the fragment is removed). If a minimum of 30 degrees of the
trochlear notch remains, the elbow will probably be stable, but this must be
confirmed intraoperatively by removing all fixation, flexing the elbow to 90 de-
grees, and gently stressing the elbow.

Nonunion may be asymptomatic due to fibrous tissue between the frag-
ments. Symptomatic nonunions are managed with reduction, plate fixation,
and autogenous cancellous bone grafting.

Infection occurs occasionally because of the subcutaneous location of the
fracture. Aggressive management is important because of elbow joint prox-
imity. Fixation providing stability is maintained along with debridement and
irrigation of the wound and joint; unstable fixation and necrotic tissue are re-
moved. Parenteral antibiotics are required and an infectious disease consulta-
tion is prudent.

Posttraumatic arthritis is managed conservatively with NSAIDs or steroid
injection.

Radioulnar synostosis occurs most frequently 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 functional position.

CORONOID FRACTURES

The coronoid process is important as a restraint against posterior displacement
of the ulna and as the attachment of the medial collateral ligament. The ante-
rior capsule inserts at its base 5 mm distal to the intraarticular tip. Isolated
coronoid fractures are uncommon. They usually occur in association with elbow
dislocations and radial head fractures.

Classification

The Regan-Morrey classification of coronoid fractures describes three types
(Fig. 10-22). In type I, the tip of the process fractures. This is believed to be a
sign of posterior elbow displacement (a shearing fracture of the coronoid
against the distal humerus) and not an avulsion fracture. Type II involves
about 50% of the coronoid and can be comminuted or a single fragment. The
type III fracture involves most of the coronoid process. A type IV fracture is
either a type II or III fracture with extension along the medial cortex to involve
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A
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FIG. 10-22 Regan-Morrey classification of isolated coronoid process
fractures: A. Type I. B. Type Il. C. Type .

the attachment of the medial collateral ligament.

Definitive Management
Type I

The fracture is usually treated conservatively because sufficient coronoid
process is intact to maintain ulnohumeral joint stability. The extremity is
immobilized in a long posterior splint with the elbow flexed at 90 degrees
and the forearm in neutral rotation. Active elbow range of motion is started
after 7 days and full extension is avoided for the first 3 weeks. A removable
prefabricated splint or sling between exercise sessions may be useful. Later,
progressive resistive exercises are started and continued until the patient
reaches maximum medical improvement. Since an isolated fracture is
unlikely, ligament damage due to elbow subluxation or dislocation must be
determined. Treatment of an associated injury is usually more important than
the type I coronoid fracture.

Type 11

‘When about 50% of the coronoid is fractured, the elbow joint is potentially un-
stable. This can be evaluated by checking for posterior displacement of the
forearm as the elbow is extended beyond 60 degrees. A grossly unstable joint
is an indication for surgical reduction and fixation of the coronoid fracture.
Surgery is also indicated for the “terrible triad” injury. Here the type II coro-
noid fracture is associated with a radial head fracture and an elbow dislocation.
Reducing and fixing the coronoid and radial head fractures and the torn lateral
collateral ligament complex are necessary to restore elbow joint stability.
Prosthetic replacement of the radial head may be needed for unrepairable type
III radial head fractures (Fig. 10-23).

Type II1

Elbow instability is expected with this fracture. ORIF with a suture, pins,
and/or screws is the treatment of choice. An articulated external fixator can
be used if it is not possible to repair the coronoid process or if, in spite 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 B. 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. (Courtesy of Dr. John A. Elstrom.)

repair of associated radial head and ligamentous injuries, the elbow joint re-
mains unstable.

Surgical Management

The surgical approach to the coronoid process depends on the associated
injuries. If there is lateral collateral ligament complex disruption and/or the
radial head fracture requires prosthetic replacement, an extended lateral sur-
gical approach can be used. If there is disruption of the medial collateral liga-
ment complex, a medial approach may also be needed. The important con-
sideration is to use the soft tissue defects created by the trauma and avoid
creating additional surgical damage. (See also “Radial Head Fracture Associ-
ated with Elbow Instability,” above.)

A medial approach exposes and protects the ulnar nerve. The flexor-prona-
tor muscle mass is released from the medial condyle if not disrupted. The
brachialis muscle is reflected off the anterior capsule, which is incised to ex-
pose the coronoid fracture. Screw fixation provides the best stabilization. This
can be accomplished with a cannulated headless compression screw placed
over a guide pin inserted from a posterior ulnar incision or directed posteriorly
from the site of reduction. Heavy nonabsorbable sutures around the coronoid
fragment and through drill holes in the ulna is an alternative method 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.

Complications

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 alignment and applying a hinged
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 dislocations 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 slightly 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. 10-25).

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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i
FIG. 10-24 Posterior dislocation of elbow. A. Anteroposterior radiograph

shows some lateral displacement. B. Lateral radiograph shows the posteriorly
displaced radius and ulna.

blow to the posterior aspect of the flexed elbow.

Divergent dislocations are also rare injuries. They are distinct from other
types of elbow dislocations because there is dissociation of the radius and ulna.
The annular ligament and interosseous membrane must be torn for a divergent
dislocation to occur. There are two varieties, anteroposterior and mediolateral.
In anteroposterior divergent dislocations, the radial head is dislocated anteriorly
into the coronoid fossa and the ulna is dislocated posteriorly, with the coro-
noid process in the olecranon fossa. In mediolateral divergent dislocations, the
radial head articulates with the trochlea and the trochlear notch articulates with
the capitellum.

Definitive Management

In most cases, management is closed reduction under local anesthesia followed
by splinting. Regional or general anesthesia with fluoroscopic monitoring is
used if there is an associated undisplaced fracture of the radial head or neck.
Open reduction is indicated if there are any of the following: an interposed os-

FIG. 10-25 A. Lateral radiograph of unstable fracture dislocation of elbow,
reduced but grossly unstable due to type Il radial head fracture, type Il coro-
noid process fracture, and disrupted medial collateral ligaments. B. 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.

Closed 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 10-1b 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 reduced by traction 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.

Complications

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 (ulnohumeral) lig-
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FIG.10-26 Hinged external fixator used to stabilize a chronic elbow dislocation.

aments in conjunction with a hinged brace or hinged external fixator (Fig.
10-26). Valgus instability is managed by repair or reconstruction of the an-
terior portion of the medial collateral ligament; posterolateral instability is
managed by repair or reconstruction of the lateral collateral ligaments and
lateral capsule.

Heterotopic ossification usually involves the collateral ligaments, capsule,
or brachialis. Initially, it is managed by discontinuing all passive motion ex-
ercises and administering indomethacin. Heterotopic bone can be excised after
it has matured, as indicated by a cold bone scan and normal serum alkaline
phosphatase levels. Preoperatively, CT or MRI helps to delineate the relation
of the heterotopic ossification to surrounding neurovascular structures.
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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 features 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 corner 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 arm; 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 flexor 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 flexors digitorum profundus,
pollicis longus, and pronator quadratus. All the flexors are innervated by the
median nerve or its anterior interosseous branch except the flexor carpi ulnaris
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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-
partments. Superficial flexor compartment: (1) flexor carpi ulnaris, (2) flexor digi-
torum superficialis, (5) flexor carpi radialis, (6) pronator teres. Deep flexor
compartment: (3) flexor digitorum profundus, (4) flexor pollicis longus. Superficial
extensor compartment: (7) musculus brachioradialis, (8) extensor carpi radialis
longus, (9) extensor carpi radialis brevis, (10) extensor digitorum, (11) extensor
digiti minimi (v), (15) extensor carpi ulnaris. Deep extensor compartment:
(12) supinator, (13) abductor pollicis longus, (14) extensor pollicis longus.

and the ulnar side of the flexor digitorum profundus. These are innervated by
the ulnar nerve.

The anterior interosseous nerve arises from the posterior aspect of the me-
dian nerve in the proximal forearm and supplies the flexors pollicis longus and
digitorum profundus, part of the flexor superficialis, and the pronator quadra-
tus. It has terminal sensory fibers to the joints that make up the wrist. Injury
to the anterior interosseous nerve is usually indicated by weakness or loss of
interphalangeal joint flexion of the thumb and index finger.

The extensor compartment is divided into superficial and deep groups. The
muscles of the superficial group originate from the humerus and common ex-
tensor tendon. The superficial group includes the brachioradialis, extensors
carpi radialis longus and brevis, extensor digitorum, extensor digiti minimi,
and extensor carpi ulnaris. The deep extensor group includes the supinator, ab-
ductor pollicis longus, extensors pollicis longus and brevis, and extensor in-
dicis. With the exception of the supinator, the muscles of the deep extensor
group originate from the radius, ulna, and interosseous membrane. The mus-
cles of the extensor compartment are innervated by the radial nerve or its ter-
minal muscular branch, the posterior interosseous nerve.

Three muscles span the radius and ulna: the pronator teres, pronator quadra-
tus, and supinator. Following a forearm fracture, they narrow the interosseous
space, resulting in loss of forearm rotation.

The brachial artery divides into the radial and ulnar arteries 1 cm distal
to the elbow joint. The radial artery runs along the radial side of the forearm to
the wrist, where it lies between the flexor carpi radialis tendon and the radius.
It is most easily palpated in this location. The radial artery terminates in the
deep palmar arch. The ulnar artery runs along the ulnar side of the forearm un-
til it reaches the wrist. Along the way, it gives off several branches, the most
important of which is the common interosseous artery. This, in turn, gives
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off the anterior and posterior interosseous arteries. The anterior interosseous
artery runs on the anterior surface of the interosseous membrane with the an-
terior interosseous branch of the median nerve. It gives off muscular branches
and the nutrient arteries supplying the radius and ulna. The posterior in-
terosseous artery traverses the interosseous membrane proximally to reach the
extensor compartment, where it runs between the superficial and deep groups
of muscles, giving off numerous muscular branches.

Classification

Injuries of the forearm are broadly classified into two groups: simple and com-
plex. Simple injuries are fractures without associated ligamentous disruption.
Included in this group are isolated fractures of the radius and ulna (the “night-
stick” fracture) (Fig. 11-2) and fractures of both the radius and the ulna (the
“both-bone” fracture) (Fig. 11-3). Simple injuries are the result of direct trauma
(e.g., a blow to the forearm). They are described as being closed or open, un-
comminuted or comminuted, and undisplaced or displaced; if displaced, then
shortened or angulated. Isolated fractures of the proximal ulna are more likely
to be complex injuries.

Complex injuries are characterized by ligamentous disruption. These in-
juries disrupt either the proximal, distal, or both radioulnar articulations or a
significant portion of the interosseous membrane. The soft tissue component of
these complex injuries, in many cases, is more significant than the fracture.

The Monteggia’s fracture in adults is substantially different from the same
injury in children. These injuries are frequently the result of high-energy
trauma, and posterior dislocation of the radial head (Bado type II) (Fig. 11-4)
is more common than anterior dislocation of the radial head (Bado type I). In
addition, comminuted fractures of the radial head, fractures of the coronoid
process, and a small osteopenic proximal fragment can make the goal of a
stable anatomic reduction of all the components of the fracture difficult to
achieve. Ipsilateral diaphyseal fracture of the humerus (floating-elbow in-
jury) requiring stable plate fixation may be seen with the high-energy Bado
type I injuries.

The Galeazzi’s fracture and fracture of the distal ulna with ligamentous
disruption are fractures of the distal third of the radius or ulna and a disloca-
tion of the distal radioulnar articulation (Fig. 11-5). Both of these fractures are

FIG 11-2 A, and B. Nightstick fractures of the ulna.
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FIG 11-83 A to D. Fracture of both bones of the forearm treated with open
reduction and internal fixation.

short oblique fractures occurring at the distal metaphyseal diaphyseal junction.
The mechanism of injury of the Galeazzi’s fracture is forced pronation (usually
during a fall on the outstretched hand) or a direct blow. The mirror injury, frac-
ture of the ulna with dislocation of the distal radioulnar articulation, has also
been described. Both injuries include disruption of the distal radioulnar joint
and a tear of the interosseous membrane from its most distal extent to the frac-
ture of the radius or ulna.

Essex—Lopresti injury (radioulnar dissociation) is a fracture or disloca-
tion of the radial head with disruption of the distal radioulnar articulation and

FIG. 11-4 Ato D. Monteggia’s fracture of the proximal ulna associated with
posterior dislocation of the radial head, Bado type Il. Treated by open reduction
and internal fixation. (Courtesy of Dr. Robert F. Hall, Jr.)
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A J B
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
the injury at the lateral elbow or a Galeazzi-type fracture—dislocation in the dis-
tal forearm, but the major component of the injury, radioulnar dissociation, is
frequently overlooked. Early diagnosis and appropriate treatment (maintain-
ing a radial capitellar articulation to prevent proximal migration of the ra-
dius) is important to obtaining a satisfactory result.

Associated Injuries

Injuries associated with fractures of the forearm include fractures and disloca-
tions of the elbow and wrist, neurovascular injuries, and compartment syndrome.
Radiographs of the wrist and elbow determine whether there are associated
fractures or dislocations.

Laceration, compression, or stretching of arteries and nerves frequently
occurs at the time of the injury. The greater the initial displacement of the frac-
ture, the greater the chance of an associated neurovascular injury. Although
the presence of pulses distal to the fracture and capillary refill of the nail beds
suggest adequate vascularity, disproportionate unremitting pain, positive
stretch signs with passive finger motion, unexplained numbness, and a pene-
trating injury with excessive swelling are indications for the measurement of
compartment pressure or an arteriogram.

The nerve most frequently injured in association with a forearm injury is the
posterior interosseous nerve. This is particularly true of Monteggia’s fractures.
Nerve injury is not uncommon in association with forearm fractures and dif-
fers greatly with the type of fracture and the forces creating it. Neurologic in-
jury is identified by a careful neurologic examination of the radial, ulnar, and
median nerves before treatment is started.

Compartment syndrome most frequently involves the flexor 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 this clinical picture alone. Repair or stabi-
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lization 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. This 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 Initial 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 de-
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 Ib 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.

Definitive 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 arm 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 dorsally, as described by Thompson (1918), or
preferably volarly, as described by Henry (1950); fractures of the distal 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 forearm, 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-mm DCP (tension-
band fixation and semitubular 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 surgical 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 be undertaken if
the distal radioulnar joint is unstable.

Open Fractures of the Radius and Ulna

Open fractures of the forearm are classified into three types. Type I is associ-
ated with a clean wound and the laceration is shorter than 1 cm. Type Il is as-
sociated with a laceration longer than 1 cm but without extensive soft tissue
damage. The usual cause of type I and type I 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 IIIA 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 determined. The wound is thoroughly irri-
gated with an antibiotic solution.

Type I, II, and IIIA 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 IIIB 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 performed 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 1 year after the
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FIG. 11-6 This malunion of a fracture of both bones of the forearm was ini-
tially undisplaced. It resulted in a severe cosmetic deformity, with the forearm
fixed in neutral rotation.

initial fracture. The usual indications for corrective osteotomy are loss of fore-
arm rotation, cosmetic deformity, and instability of the distal radioulnar joint.

Wound infection is managed by returning the patient to the operating room,
where the wound can be adequately opened and cleaned. Cultures are ob-
tained. If a plate and screws are still providing adequate fixation, they are left
in place. The wound is left open and supported with a splint. Delayed wound
closure is performed after 5 days if the infection is under control. In some in-
stances, the wound will be left open and allowed to heal secondarily, with skin
grafting as required. The fracture should unite if infection is controlled; how-
ever, cancellous bone grafting may be required.

In instances where bone is avascular and fixation is inadequate, priority
must be given to preserving or restoring the soft tissue environment (the en-
velope) by removal of loose implants and debridement of all devitalized tissue.
In this situation, the wound is left open and the fracture stabilized with an ex-
ternal fixator that will prevent shortening and allow for local wound care. The
assistance of an infectious disease specialist is often helpful.

Nerve injuries are uncommon except for penetrating wounds (i.e., gunshot
fractures). The prognosis for these injuries is frequently poor without surgi-
cal exploration and repair. This is usually done as a secondary procedure be-
cause the extent of nerve damage at the time of primary exploration is difficult
to determine.

Compartment syndrome after forearm fracture is not uncommon. It is very
important, in performing open reduction and internal fixation, to deflate the
tourniquet and provide adequate hemostasis prior to wound closure. The fore-
arm fascia must not be closed.

If the functional impairment is significant, synostosis can be treated by re-
section after the synostosis has had a chance to mature. Indications of maturity
are a well-ossified mass with corticalized margins, a cold bone scan, a nor-
mal serum alkaline phosphatase, and the passage of approximately 12 months
since the time of the injury.

Heterotopic ossification with synostosis is more frequently encountered fol-
lowing injuries resulting from high-energy trauma or in patients with 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 bone mineral density and grip strength are not af-
fected. Plate removal can be complicated by neurovascular injury and refracture.
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12 Fractures of the Distal Radius
and Injuries of the Distal
Radioulnar Joint

Santiago A. Lozano C.  Jesse Bernard Jupiter

This chapter comprises fractures of the distal radius and dislocations of the
distal radioulnar 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 row has a natural tendency to slide in an ulnar 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 ulnar head. It articulates with the ulnar 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) Trapezoid. (6 )Cap|tate ( )Hamate ( ) Triquetrum. A. Dor-
sal intercarpal ligament. B. Dorsal radiocarpal ligament. (Revroduced by per-
mission ofd Am Acad Ortho Surg.)

4

FIG. 12-2  Anterior view of the wrist. (1) Radial collateral ligament. (2) Ra-
dioscaphocapitate ligament. (3) Radiolunotriquetral ligament. (4) Radio-
scapholunate ligament. (5) Ulnolunate ligaments. (6) Meniscus homologus.
(Reproduced by permission ofJ Am Acad Ortho Surg.)

FIG. 12-3  Distal articular aspect of the radius. (S) Scaphoid fossa. (L) Lunate
fossa. (TFCC) Triangular fibrocartilage complex. (1) Radioscaphocapitate liga-
ment. (2) Radiolunotriquetral Ligament. (3) Interfossal ridge. (4) Radioscapholu-
nate ligament. (5) Palmar radioulnar ligament. (6) Ulnolunate ligament. (7) Ulno-
capitate ligament. (8) Ulnar styloid. (9) Prestyloid recess. (10) Dorsal radioulnar
ligament. (11) Dorsal radiocarpal ligament. (12) Lister’s tubercle. (Feproauced by
permission of the American Soclety for Surgery 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. (Reproauced by permis-
slon of the American Soclety for Surgery of the Hand.)

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

The final relevant structure is the triangular fibrocartilage. This important
stabilizer originates from the ulnar side of the lunate fossa and extends to the
base of the ulnar styloid process. Its palmar and dorsal edges are thickened,
blending into the dorsal and volar radioulnar ligaments, which represent ma-
jor stabilizers of the DRUJ (Fig. 12-3). Other stabilizers of the DRUJ include
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 the radiocarpal joint is the result of both the
extrinsic and interosseous ligaments of the wrist. The interosseous scapholu-
nate and interosseous lunotriquetral ligaments stabilize the proximal row of
carpal bones as a unit.

The flexor and extensor tendons pass across the distal aspect of the radius to
make insertions on the metacarpal bases or the phalanges (only the flexor carpi
ulnaris inserts on the carpus at the pisiform). The brachioradialis 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 retinacular compartments through
which the extensor tendons run. Although rarely injured in the 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, accumulation of blood, com-
pression by displaced fragments, or laceration), 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 (A4) and Guyon’s (A) tunnels. (1) Median nerve. (2) Flexor
pollicis longus. (3) Ulnar artery. (4) Ulnar nerve. (5) Deep flexor tendons. (6) Su-
perficial flexor tendons.

On the ulnar side, the flexor carpi ulnaris, ulnar artery, and ulnar nerve lie
volar and ulnar to the distal radius. The ulnar nerve and artery pass through
Guyon’s canal into the hand (Fig. 12-5).

The anatomic relationship of the components described above and their
functional interaction ensure wrist mobility and stability. It is therefore im-
portant to restore these anatomic characteristics in treating a fracture of the
distal radius.

BIOMECHANICS OF THE WRIST
Kinematics

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

Several investigators have attempted to define the “minimal functional
range of motion” required by a patient to perform activities of daily living for
self-care and independent functioning. These studies revealed that most func-
tional activities could be accomplished with 40 degrees of extension, 40 de-
grees of palmar flexion, and 40 degrees of combined radioulnar deviation.

Palmar Flexion-Extension

The greater axis of motion of the wrist is that of flexion and extension. During
normal wrist motion, there is a difference in movement between the proximal
and distal rows of carpal bones as well as between the bones of the proximal

TABLE 12-1 Wrist Motion Range

Movement Normal range Functional range
Flexion 80 = 5 degrees 40 degrees
Extension 70 = 5 degrees 40 degrees
Radial deviation 20 = 5 degrees 40° of combined

Ulnar deviation 40 = 5 degrees radioulnar deviation
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row itself. In extension, the wrist deviates radially; in flexion, ulnar deviation
occurs.

Radioulnar 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 TFCC
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 intracarpal lesions 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. “Terry Thomas” sign
(interosseous rupture of the scapholunate ligament). B. Disruption of Gilula’s
arches (rupture of interosseous ligament).

Cardinal measurements 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 the 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 that the lateral projec-
tion is a “true” lateral view. The best criterion to confirm that the radiograph is
a true lateral view is to observe the palmar cortex of the pisiform, lunate, and
capitate, in this order, from the volar to the dorsal aspect of the radius. (For
radiographic measurement parameters, see Table 12-2 and Fig. 12-7).
Films taken after a fracture has been reduced help to quantify residual defor-
mity and comminution to determine if further treatment is necessary.

In cases of severe comminution with complex intraarticular patterns 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 such as three-dimensional CT reconstruction offer a better
understanding of the fracture and allow more accurate planning of treatment
for complex injuries.

FIG. 12-7 Radiographic measurement technique. A. Lateral view, palmar
tilt (average 11 degrees). 5. Anteroposterior view, radial inclination (average
23 degrees).



12 FRACTURES OF THE DISTAL RADIUS 161

TABLE 12-2 Radiographic Measurements

Measure Description Normal values
Radial Angle between a line drawn from

inclination the tip of the radial styloid to 22 *= 3 degrees
(PA view) 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 =3 mm
length a line perpendicular to the long
(PA view) 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
(PA view) Then quantify how much ulnar head Grade 1: 3—5mm
is distal to that line. Grade 2: >5mm
Radial Line through the volar and 11 = 3 degrees
filt 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
(PA view) tangential to the radial styloid
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 (Colles” 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 (Colles’ and Smith’s
fractures) fall into this type (Fig. 12-8A and B).

Type B

This group comprises are distal radial fractures involving part of the articular
surface (Fig. 12-9). These shearing fractures are subdivided into three groups:
B1: 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 fractures). A. Colles’ frac-
ture, anteroposterior and lateral radiographs. A. Smith’s fracture, anteroposte-
rior and lateral radiographs. (Courtesy of David Ring, M.D.)

Il
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FIG. 12-9  Muller classification (AO) of intraarticular shearing fractures group.
Group B1: Fractures involving the sagittal plane. Group B2: Fractures of the
dorsal margin, or Barton’s fracture. Group B3: Fractures of the volar margin, or
reverse Barton’s fracture.

FIG. 12-10  Muller classification (AO) intraarticular shearing fractures group
(AO group B). A. Dorsal Barton’s fracture. Group B2: anteroposterior and lateral
radiographs. (Courtesy of Dr. Mark S. Cohen.) B. Chauffeur fracture. Group B1:
radial styloid fracture. Anteroposterior radiograph. C. Volar Barton’s fracture.
Group B3: anteroposterior and lateral radiographs.
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c2 Cc3

FIG. 12-11  Muller classification (AQ) intraarticular compressive fractures
group. C1: Two fragment intraarticular fracture without multifragmented meta-
physis. C2: Intraarticular fracture with multifragmented metaphysis. C3: Com-
minution of articular surface.

Type C

These are distal radial fractures involving a complete articular surface injury
(Fig. 12-11). The mechanism in general is compressive. They are classified as
follows: C1, two-fragment intraarticular fracture without metaphyseal frag-
mentation; C2, two-fragment intraarticular fracture with multifragmented
metaphysis; C3, fractures with comminution of the articular surface. Com-
minution is defined as involvement of more than 50% of the metaphysis as seen
on any radiograph, comminution of at least two cortices of the metaphysis, or
greater than 2.0-mm shortening of the radius. These C1, C2, and C3 groups
are further divided according to the number of fragments (Fig. 12-12A and B).

TREATMENT
Initial Treatment

Treatment decisions will be based on an understanding of the fracture pattern,
any associated soft tissue injury, and the functional status of the patient. The

FIG. 12-12  Muller classification (AO) intraarticular compressive fractures
group. A. C1 Anteroposterior and lateral radiographs. . 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 Treatment

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 1week. If the position is maintained, a short arm cast is
applied; it is used for a period of 4 to 6 weeks.and then removed (Fig. 12-13).

Displaced Extraarticular Fractures

This type of fracture can be displaced dorsally (Colles’ fracture) (Fig. 12-8A)
or volarly (Smith fracture) (Fig. 12-8B). Displaced volar or Smith’s fractures
are intrinsically unstable. Flexor 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 comminution?
2. Initial loss of 15 mm or more of radial length
3. Initial dorsal tilt of 20 or more degrees

“Comminution in the volar and dorsal cortex is seen in postreduction films.
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FIG. 12-13  Nondisplaced fractures. A. Intraarticular nondisplaced fracture,
anteroposterior and lateral radiographs. Z. Extraarticular nondisplaced frac-
ture. Anterposterior and lateral radiographs.

first 3 weeks. If alignment is maintained after 3 weeks, the cast and K wire
are maintained for an additional 3 weeks. At this point, the cast is removed and
physical therapy is undertaken to gain range of motion during the next 6 to
8 weeks.

Dorsally displaced Colles’ fractures should be reduced if greater than 5 mm
of radial length is lost or more than 10 degrees of dorsal tilt is present. Re-
duction is done under parenteral analgesia, hematoma block, and regional or
general anesthesia. Fracture reduction starts with finger-trap traction, sus-
pending the limb by the thumb and index finger with countertraction of 10 to
20 1b for a period of 5 to 10 min to disimpact the fracture.

Manipulation starts with maximum extension 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 fragment is pushed volarly until volar cor-
tical apposition is achieved. The wrist is splinted in modest flexion (10 to 20
degrees) and ulnar deviation with a sugar-tongs splint. If a cast is to be applied,
it is prudent to split it to allow for swelling and thus 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, antiswelling 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 redisplacement in the
cast can occur. Factors associated with instability are (1) initial loss of radial
length greater than 15 mm, (2) excessive comminution, (3) initial dorsal tilt
greater than 20 degrees, or (4) comminution of both volar and dorsal cortices
(seen in the postreduction films). If these characteristics are present, percuta-
neus fixation after closed reduction or open reduction plus internal fixation are
indicated (Fig. 12-14).

Postreduction follow-up is done weekly for 3 weeks after manipulative re-
duction of the fracture due to the possibility of redisplacement. If 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
described for the volar (Smith’s) fracture.
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FIG. 12-14 Displaced extraarticular fracture (AO group A) (Colles’s fracture)
treated with closed reduction and percutaneus pin fixation.

Redisplacement of the fracture requires remanipulation and possibly percu-
taneus fixation. Attempts at remanipulation after initial reduction should be
done in the OR under anesthesia and should be performed within 3 weeks post-
fracture; closed reduction beyond this time may be not successful. Second re-
ductions are done with the same technique described for fresh fractures; assis-
tance through fluoroscopy is useful while manipulating the fracture. When
alignment is achieved, stabilization is done via percutaneus Kirschner-wire fix-
ation. Two 0.062-in. wires are utilized. The first one is inserted through the ra-
dial styloid and driven across the fracture focus and out the proximal metaphysis.
The second one is placed ulnarly over the dorsal radial cortex and driven per-
pendicular to the former through a different region than the fracture area, ending
in the volar radial metaphysis. Usually, two Kirschner wires are enough, but ad-
ditional pin fixation may be required. Even though percutaneus fixation had
been done, casting or an external fixator is necessary to maintain stability. The
pins are cut beneath the skin and removed later in the office.

Intrafocal Kirschner-wire fixation creates a dorsal buttress that counteracts
recurrence of the dorsal tilt. Two Kirschner wires are inserted through small
dorsal incisions about 2 cm apart at the proximal dorsal margin of the 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 Comminuted Extraarticular Fractures

These fractures require initial management, like all open fractures, according
to their severity, with debridement and irrigation, antibiotics, and a tetanus
toxoid booster. Grades I and II can be reduced closed and fixed percutaneously;
grade III injuries require management with an external fixator or open reduc-
tion plus internal fixation. Comminution causes instability, and maintenance
of reduction by casting only is almost impossible in highly comminuted frac-
tures. 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 Intraarticular Fractures

The styloid, volar, and dorsal margin shearing fractures make up group B in
the AO classification. Treatment options vary according to the subtype. The
B1 group (styloid) is subclassified in three types as comminution and insta-
bility increase: B1.1 (one fragment), B1.2 (if comminution is present), and
B1.3 (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 initial 3 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 CT
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 B3 fracture (volar Barton's) treated with a
palmar locking plate. A. Preoperative radiographs. 5. Postoperative radiographs.

A bulky dressing and additional splint immobilization is maintained for
14 days. Generally, the patient can resume manual work and some sports about
2 months after surgery.

Compression fractures are known as Group C in the AO classification (Fig.
12-11). The objectives of treatment are relocation of displaced fragments,
maintenance of relationship between radial length and distal 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. Frac-
tures without comminution are best treated with manipulative reduction via
longitudinal traction alone or manipulation and subsequent 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
flexion, and ulnar deviation. As in the B1 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 reduced lunate
fragment; however, penetrating the sigmoid notch with the pin must be
avoided. If satisfactory reduction is not achieved, the fragment can be manip-
ulated through a small incision (1 to 2 cm) with a small elevator.

Intraoperative fluoroscopy is required to guide the elevator and confirm re-
duction. Bone for grafting should always be available to fill any defects that
may be present after the disimpaction of fragments. Small amounts of bone are
usually required; thus, bone graft taken with trephine 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 arm casting for 3 weeks, followed by short arm plaster
for an additional 3 weeks. Wires are left in place during the complete 6-week
period. If the operative reduction required manipulation of impacted frag-
ments or soft tissue swelling is substantial, protection with an external fixator
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FIG. 12-16 Severely displaced intraarticular C2 fracture treated with plate
system (T and L plates, 2.4 mm) A. Preoperative radiographs. A. Postopera-
tive radiographs.

is preferred rather than the plaster; it should be in place from 4 to 6 weeks
(Fig. 12-16).

When the 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 of
fracture requires reduction through an anterior approach. Continuous intra-
operative traction with an external fixator is useful to restore axial length 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 place via a small Kirschner wire that is retrieved
over the dorsum of the radius. If the fragment is large enough, fixation is ac-
complished with a small (2.7-mm) L or T plate (Fig. 12-17). Finally, 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 angulated type C
fractures can be reduced and stabilized by a volar approach through the bed
of the flexor carpi radialis (FCR) tendon with ulnar reflection of the pronator
quatratus (Fig. 12-18A to D).

3]

FIG. 12-17 Severely displaced intraarticular C3 fracture treated with per-
cutaneous fixation and an external fixator.
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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. (Courtesy of Robert F. Hall, Jr., M.D.)

Complications

Inadequate reduction, loss reduction or fixation, instability of the DRUIJ, loss
of wrist and forearm motion, neurovascular problems such as acute median
nerve compression, compartment syndrome, and complex regional pain syn-
drome are recognized complications following distal radial fractures.

Acute complications such as median nerve compression or compartment
syndrome require immediate surgical decompression. Pain, intense swelling,
pain with passive motion, and sensory disturbances in the hand are warning
signs of compartment syndrome, in which case compartmental pressures
should be measured and/or fasciotomies undertaken. Neglected compartment
syndrome has catastrophic consequences for both patient and surgeon.

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), autonomic dysfunction (vasoconstric-
tion or dilatation), and impairment of function. Early detection by clinical ex-
amination and bone scintigraphy is important. Aggressive physical therapy,
tricyclic antidepressants, and stellate ganglion blocks are some options of
treatment.

Severe initial articular surface trauma, inadequate articular fracture reduc-
tion, and healing with excessive dorsal tilt are demonstrated causes of post-
traumatic arthritis with pain, loss of motion, and weakness of grip. Malunion
may benefit from a corrective osteotomy.

In general, outcomes following fractures of 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 Radioulnar Joint Dislocations

Anatomy

The DRUIJ 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 terms 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
peripheral 20% 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 decreased mobility of the DRUJ. Common findings for
volar dislocation are narrowing of the wrist, apparent absence of the ulnar
head, and difficulties in pronation. The diagnosis is largely based on physical
findings, as the radiographic images are often unsatisfactory due to problems
with positioning.

Imaging studies

Radiographs remain the initial diagnostic study. The standard PA view al-
lows evaluation 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
true 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 pisotriquetral joint and the hook of the hamate. Metal markers pointing out
the specific area of pain are helpful in identifying sources of wrist pain. X-rays
must be comparative. Often, when the diagnosis remains in doubt, CT imag-
ing is necessary.

CT is the imaging modality of choice for evaluating DRUJ subluxation or
dislocation. Magnetic resonance imaging (MRI) and MRI arthrography
demonstrate better soft tissue detail.

Initial management

Once the diagnosis of subluxation or dislocation of the DRUJ is made, closed
reduction should be attempted. This is done under sedation or with regional
anesthesia. The maneuver for dorsal dislocation is reduction with the forearm
in supination, with the opposite force for 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 supination 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. 5. Sauve-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 of forearm
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, triquetrum,
and pisiform. The distal carpal row is made up of the trapezium, trapezoid,
capitate, and hamate. 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 fibro-
cartilage 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 dorsal or volar. The intrinsic ligaments, 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 lunotriquetral ligaments. These ligaments link the proximal
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FIG. 13-1 Intrinsic ligaments interconnect the carpal bones, forming a dis-
tal carpal row (/ight gray) and a proximal carpal row (Qark gray).

carpal row together. The scapholunate interosseous ligament (SLIL) is
U-shaped and composed of three sections: dorsal, proximal, and palmar. The
dorsal 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 lunotriquetral in-
terosseous ligament (LTIL), like the SLIL, is also U-shaped and has three
similar sections. In contrast to the SLIL, the palmar region of the LTIL is the
thickest and strongest.

The extrinsic ligaments 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 extrinsic ligaments form a V-shaped complex with
the apex on the triquetrum (Fig. 13-2). The proximal limb, the dorsal radio-
carpal ligament (DRC), originates from the dorsal rim of the distal radius and
extends ulnarly to the dorsum of the triquetrum, with attachments to the under-
lying lunate and lunotriquetral ligament. The distal limb, the distal intercarpal
ligament (DIC), originates from the dorsum of the triquetrum and travels ra-
dially to the dorsal groove of the scaphoid and trapezium, with attachments
to the underlying lunate. This dorsal ligamentous complex helps to stabilize
the scaphoid and lunate.

The palmar extrinsic ligaments are arranged in a double-V configuration
with the apices pointing distally (Fig. 13-3). The proximal 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.
Ligaments from left to right: ulnotriquetral-triquetrocapitate, ulnolunate, short ra-
diolunate, long radiolunate, and radioscaphocapitate. The “space of Poirier” is
the relative weak spot over the midcarpal joint between the capitate and lunate.

radius and ulna to the proximal carpal row. The radial limb is the long radio-
lunate ligament. The ulnar limb includes the short radiolunate ligament and
the ulnolunate ligament. The distal V, also known as the deltoid ligament or
arcuate ligament, links the distal carpal row to the proximal carpal row and
distal radius and ulna. The radial limb is the radioscaphocapitate ligament,
while the ulnar limb includes the triquetrocapitate ligament and the ulnotri-
quetral ligament. At the capitolunate joint, there is a relative weak area in
the capsule, known as the space of Poirier that is not well supported by the
ligaments. The bony and ligamentous constraints of the wrist define the kine-
matics. The center of rotation in the sagittal and coronal planes is not fixed
and varies depending on the position of the wrist. For the most part, the center
of rotation is within the head of the capitate distal to its proximal cortex, near
its longitudinal axis.

The carpal bones act as two distinct units: a distal carpal row (trapezium,
trapezoid, capitate, hamate) and a proximal carpal row (scaphoid, lunate, tri-
quetrum). The distal carpal bones are bound very securely to one another by
their interosseous ligaments. These make the distal carpal row a single func-
tional unit. There is a similar secure ligamentous interconnection between the
distal carpal row and the second and third metacarpals. The combination of
the relatively immobile distal carpal row and the second and third metacarpals
creates the fixed hand unit (Fig. 13-4). In effect, the distal carpal row is part
of the hand. In contrast, the proximal carpal row moves independently of the
hand and forearm. The proximal carpal row becomes an intercalated segment
between the distal carpal row and hand distally and the radius and ulna proxi-
mally (Fig. 13-4).

The scaphoid traverses the midcarpal joint and is aligned 45 degrees to the
longitudinal axis of the wrist. By virtue of this anatomy, the distal carpal row
exerts influence over the scaphoid. The scaphoid has a dynamic tendency to
flex, particularly with radial deviation and flexion. The triquetrum is controlled
through its semihelicoid articulation with the hamate. The triquetrum has a
dynamic tendency to extend, particularly with ulnar deviation and extension.
The lunate, by virtue of its location between the scaphoid and triquetrum, is
under the influence of both the scaphoid and triquetrum. In its normal state,
the lunate lies in a neutral position, canceling the opposing forces of the
scaphoid and triquetrum.
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FIG. 13-4 Fixed hand unit composed of index and middle metacarpals
bound to distal carpal row (/g5 gray). Intercalated segment composed of prox-
imal carpal row is seen between radius and ulna proximally and fixed hand
unit distally (dark gray).

Approximately 40 to 60% of wrist motion comes from the midcarpal joint,
contributing more to flexion, and 40 to 60% comes from the radiocarpal joint,
contributing more to extension. 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 the carpal bones is interrupted through
injury, the alignment of the proximal carpal row is disturbed. This can lead to
abnormal motion and force distribution. These abnormal kinematics lead
to pain and premature arthrosis.

Recognition of the complex anatomy and kinematics of the wrist allows
the pathologic states of fractures, dislocations, and instability to be better un-
derstood. Through restoration of the normal anatomy, improved treatment out-
comes can be anticipated.

DISLOCATIONS OF THE WRIST
Classification

The precise injury pattern is determined by the amount and direction 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 the wrist
usually lead to some type of carpal instability. The International Wrist Inves-
tigators have proposed a classification for wrist ligament injuries. This broad
classification of instability takes into account six categories: duration, sever-
ity, direction, etiology, pattern, and location.

Duration is acute, subacute, or chronic. Injuries under 6 weeks are acute.
Between 6 weeks and 3 months, the injury is considered subacute. Over 3 months,
the injury becomes chronic.

Severity is defined by the radiographic appearance and the results of stress
testing. Static instability appears abnormal on x-rays without the need for stress
testing. Dynamic instability appears normal on regular x-rays but reveals ab-
normal findings during stress testing. Balanced instability appears normal on
x-rays with or without stress testing.

Direction refers to the radiographic appearance of the lunate relative to
the capitate and the scaphoid. With dorsal intercalated segment instability
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(DISI), the lunate assumes a dorsally angulated position relative to the cap-
itate (see Fig. 13-16). With volar intercalated segment instability (VISI),
the lunate assumes a volarly angulated position relative to the capitate (see
Fig. 13-18). Ulnar translation refers to the radiographic appearance in which
less then 50% of the body of the lunate is centered over the radius and the
distance between the radial styloid and the scaphoid is increased (see Fig.
13-14).

Etiology is variable but can generally be expressed as traumatic, inflam-
matory, or degenerative.

The pattern 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 pattern of carpal instability dissociative (CID).
This refers to a dissociation within the proximal carpal row. If there is no in-
terruption in the proximal carpal row, the pattern is defined as carpal insta-
bility nondissociative (CIND).

Location refers to the actual anatomic structures implicated in the cause of
the instability. Most acute dislocations can be described by their location alone
including perilunate, radiocarpal, and axial.

Perilunate Dislocations

These are the most common of the wrist dislocations; they include a variety
of injuries that involve the area around the lunate. 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 scapholunate
sprain to a complete dislocation of the lunate. This pattern of injury progresses
around the lunate from radial to ulnar in a clockwise direction. There are four
stages of progressive perilunar instability: stage 1, scapholunate dissociation;
stage 2, capitolunate dissociation; stage 3, lunotriquetral dissociation; and
stage 4, lunate dislocation (Figs. 13-5 and 13-6).

If the application of force concentrates ulnarly instead of radially, a reverse
injury pattern can be observed, reverse perilunate instability. This is similar
to what Mayfield described but in an opposite direction, affecting the lunotri-
quetral joint first.

FIG. 13-5 Stages of progressive perilunate instability: (1) scapholunate dis-
sociation; (2) capitolunate dissociation; (3) lunotriquetral dissociation; (4) lunate
dislocation.
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FIG. 13-6 Perilunate dislocation, palmar lunate dislocation. Note lunate dis-
located palmarly with scaphoid and capitate dorsal.

If the injury is purely ligamentous, it is referred to as a lesser-arc injury
(Fig. 13-7). If there is a fracture involving one or more of the bones around the
lunate, it is known as a greater-arc injury (Fig. 13-8).

Axial Dislocations and Fracture-Dislocations

These are rare and have been described by Garcia-Elias and colleagues. The
mechanism of injury is usually a high-energy crush or blast injury creating
an axially oriented injury to the hand and carpus.

The hand and carpus are divided into columns: radial and ulnar. With in-
juries involving the ulnar column, the fourth and fifth metacarpals 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
pisotriquetral joint proximally. Radial column injuries involve the thumb and
trapezium (Fig. 13-10).

Radiocarpal Dislocation

This is an unusual 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 fractures.

FIG. 13-7 Injuries of the lesser arc involve only the 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.

iy

FIG. 13-9 Axial fracture-dislocation to ulnar column. These injuries can also
present without an associated fracture and with variable involvement of the

triquetrum.

FIG. 13-10 Axial dislocation of the radial column. These injuries 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 inflammatory 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 Examination

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 maneuver, or the scaphoid shift test, as-
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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 test 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 lunotriquetral joint can also be tested with provocative testing. Reagan’s
test, or lunotriquetral ballottement, 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.

Diagnostic Studies

Radiographs should be utilized for the initial evaluation. A routine series
includes neutral posteroanterior (PA), 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, Gilula’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 sign (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 ratio 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 = 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 mm, also known as the “David Letterman sign” and cortical ring sign (dotted
/ines).

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 divides the height of the carpus (5) by the
length of the third metacarpal (A4). The normal ratio is 0.54 = 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 the ulnar shaft (5) and the length of the
third metacarpal (A4). The normal ratio is 0.30 = 0.03. A number below this
signifies some level of ulnar translocation.

Ulnar translocation can be appreciated on the PA view if the carpus appears
to be translated ulnarly relative to the radius (Fig. 13-14). The ulnar transloca-
tion ratio can be identified radiographically from the ratio of the distance be-
tween the center of the capitate and a line along the longitudinal axis of the ulna
divided by the length of the third metacarpal. The normal ratio is 0.30 %= 0.03.
If the result is less than this, ulnar translocation should be suspected.

On the lateral view, the alignment of the lunate and the interrelationship of
the scaphoid and the lunate are evaluated. The scapholunate angle is measured
between a line 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 15 degrees of the axis of the capitate and
the axis of the radius. If the lunate is dorsally tilted with a scapholunate angle
greater than 60 degrees and a capitolunate angle greater than 15 degrees, DISI
must be suspected (Figs. 13-16 and 13-17). If the lunate is volarly tilted with a
scapholunate angle less then 30 degrees and a capitolunate angle greater then
15 degrees, VISI must be suspected (Figs. 13-18 and 13-19).

Fluoroscopy can be utilized to assess dynamic instability when the static ra-
diographs appear normal. Stress testing is performed while looking at the 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 its distal surface.
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FIG. 13-16 Instability of the dorsal intercalated segment with the scapholunate
angle in excess of 60 degrees. Notice that the lunate surface is tilted dorsally.

FIG. 13-17 Radiograph demonstrating dorsal angulation of the lunate with
relative flexion of the scaphoid (DISI).

FIG. 13-18 Instability of the volar intercalated segment with a scapholunate
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).

Arthrography can be used to detect tears of the scapholunate and lunotri-
quetral ligaments as well as tears of the TFC.

Unfortunately, the incidence of false-negative and false-positive results
confers poor specificity and a poor predictive value to arthrography. This is
particularly true in patients above age 50.

Magnetic resonance imaging (MRI) has a relatively poor sensitivity in
assessing injuries to the carpal ligament. It may be best utilized to assess and
rule out other possible causes of wrist pain, like Kienbdck’s disease and occult
carpal fractures. If utilized, MRI should be performed with a 1.5-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-
compartment arthrogram.

Bone scanning is best used to rule out significant wrist pathology. Because
of its sensitivity, a negative result greatly reduces the possibility of signifi-
cant wrist pathology. 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 Management

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 perilunate dislocations,
transscaphoid fracture-dislocations, and radiocarpal dislocations. Scapho-
lunate dissociations, axial dislocations, and ulnar translocations 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 15 1b 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 Management

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 recommended as definitive management; it is usu-
ally reserved for cases where an open reduction cannot be performed. This
includes severely injured patients who are not stable enough for a lengthier
procedure or in whom surgical incisions are contraindicated because of soft
tissue injury, such as burns or open wounds.

Percutaneous pin-fixation technique. The goal of percutaneous pin fixation
is an accurate reduction and stable fixation. If an acceptable reduction cannot
be achieved, open reduction and fixation is necessary.

The pinning technique is the same whether it is executed percutaneously
or with an open incision (Fig. 13-21). The technique is dependent on good-
quality fluoroscopy. The patient is positioned supine with the hand on an arm
table. The assistant stabilizes the forearm proximally.

The lunate is first reduced and fixed to the capitate. A 0.062-in. smooth
K wire is preplaced in the capitate. This K wire is driven from distal to proximal
starting at the very distal, dorsal edge of the capitate near the carpometacarpal
joint. The K wire should be angled minimally relative to the capitate. If the pin
is angled too much, it will pass palmar to the lunate. Once the pin is preplaced
in the capitate, the lunate is reduced relative to the capitate. The lunate is usu-
ally dorsally angulated relative to the capitate. The lunate is reduced by volarly
translating, not angulating, the hand relative to the forearm. With the forearm
stabilized by the assistant, a volar translation force is applied to the dorsal
hand. This pushes the capitate volarly against the volar lip of the lunate, 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
reduced, the pin is advanced across the capitolunate joint.

The scaphoid is then reduced 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, aiming toward the capitate. A second 0.045-in. K wire is placed in a
similar fashion across the proximal pole of the scaphoid directed toward the lu-
nate. A 0.065-in. K wire is placed into the dorsal scaphoid from slightly distal
to proximal and radial to ulnar to act as a joystick. The joystick K wire is then
pulled 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
until 6 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-splitting capsulotomy approach to gain access to dorsal
wrist.

ture anchor is placed in the dorsal rim of the lunate at the insertion of the SLIL.
The sutures 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 of the DIC. The remaining sutures are passed
through the DIC in a similar manner. When the sutures are tied, the proximal
segment of the DIC will be pulled over the SLIL in a vest-over-pants fash-
ion. This will anchor the SLIL to its insertion and the DIC to the dorsal rim
of the scaphoid and lunate. The sutures are not tied until 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 carpal 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 of the carpal bones, the previously
placed sutures are tied, securing the ligamentous tissue.

Direct repair of the lunotriquetral ligament is not necessary for a good re-
sult. This joint is usually well reduced on radiographs without the need for sig-

nificant reduction maneuvers. The injury to the lunotriquetral ligament and

joint is addressed with pin fixation.

FIG. 13-23 Preferred repair technique using a portion of the distal inter-
carpal ligament 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 lunotriquetral ligament 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.

Scapholunate 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 lunotriquetral ligament 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 with multiple 0.045-in. K wires,
particularly if there is related comminution. If there is minimal comminution,
a headless compression screw is the preferred form of fixation.

Transradial 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 flaps. 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.

Complications

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 THE 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.

Classification

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
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FIG. 13-24 Herbert classification of scaphoid fractures.

the scaphoid while exposing its distal half to a bending moment, which leads
to the fracture.

Herbert and Fisher have proposed a system that attempts to incorporate
many of the attributes of scaphoid fractures (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 treated 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 head. Roughly 70 to 80% of fractures occur in the
middle third or waist of the scaphoid, with 10 to 20% affecting the proximal
pole and 5% affecting the distal head. The location of the fracture has prog-
nostic consequences based on the blood supply of the scaphoid. Palmar
branches of the radial artery enter the distal tuberosity, accounting for 20 to
30% of the distal blood supply. Dorsal branches of the radial artery enter the
dorsal ridge of the scaphoid along its middle third, accounting for 70 to 80%
of the remaining blood supply. Because of this arrangement, the location of
the fracture and the amount of displacement can disturb the blood supply. Frac-
tures of the proximal pole particularly can lead to a high rate of osteonecrosis
and nonunion.

The orientation of the fracture, the initial displacement, and the amount of
comminution have been implicated in the stability of the fracture. Russe 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 the axis of the scaphoid.
These had the most stable configuration. Vertical oblique fractures made up
only 5%, with the fracture plane perpendicular to the plane of the joint and
oblique to the axis of the scaphoid. These are the most 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 CT 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), small marginal 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-
quetral 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 perilunate 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 Examination

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. In 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-
cial 45-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 (CT) 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 Management

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 Management

Scaphoid fractures. 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 unique 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 treated with a short arm thumb spica cast for 4 to 6 weeks, depending
on the radiographs and physical examination.

Fractures of the middle and proximal thirds should be treated with a long
arm thumb spica cast with the elbow flexed at 90 degrees and the thumb in-
cluded up to the tip. The position of the wrist should be supinated, extended,
and ulnarly deviated. The cast should be well molded and changed every 2 to
3 weeks, depending on the amount of swelling.

After 6 weeks of long arm immobilization, the cast can be changed to a
short arm thumb spica cast for an additional 6 weeks. After 12 weeks of im-
mobilization, the radiographs must be carefully assessed. If there appears to be
radiographic evidence of healing and there is no tenderness or pain at the frac-
ture site, the casting can be discontinued. If there is any concern or doubt about
the appearance of the radiographs, a CT 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 internal fixation techniques, which can effectively sta-
bilize the scaphoid securely, have gained interest in the treatment of nondis-
placed scaphoid fractures. There can be significant financial and social burdens
as a result of the needed immobilization. This is particularly true in laborers
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
fractures. To minimize the rate of nonunion, malunion, and avascular necro-
sis, displaced fractures must be reduced and surgically fixed.

Several surgical techniques and approaches have been described. If the frac-
ture is minimally displaced with little comminution, a closed reduction can
be attempted. If the reduction is successful, the fracture can be fixed with per-
cutaneously placed 0.045-in. K wires or preferably a percutaneously placed
headless compression screw (Fig. 13-25).

- 3

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 antegrade fashion through the dorsal proximal
pole of the scaphoid.



13 FRACTURES AND DISLOCATIONS OF THE WRIST 199

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
0.035 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 fractures. 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.

Complications
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 covers fractures and fracture dislocations of the metacarpals and
phalanges.

ANATOMY

The metacarpals 2 through 5 have an expanded cuboidal base, with facets
for articulation with the carpus and neighboring metacarpals. Dorsal and pal-
mar intermetacarpal ligaments and interosseous ligaments stabilize these ar-
ticulations. The first 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-
ers. 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-
lateral ligament and prevents extension contracture (Figs. 14-1A and B). 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 (flexor pollicis longus, extensor pollicis bre-
vis, and extensor pollicis 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 phalanges have a slight apex dorsal curve. The prox-
imal and distal interphalangeal 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 O 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 (FDP) inserts on the base of the distal phalanx.

FRACTURES OF THE METACARPALS
Classification

Fractures of the metacarpals are classified as involving the base, the diaphysis,
the neck, or the head. Additional factors that influence management are
201
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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.

whether the fracture is open, closed, or the result of a high-energy injury, and
whether more than one metacarpal is fractured.

Fractures of the metacarpal bases can be associated with dorsal subluxa-
tion of the CMC joint (Fig. 14-2). This is particularly true of fractures of the
base of the fifth metacarpal, which are displaced dorsally and proximally by
the extensor carpi ulnaris (Fig. 14-3).

A torsional force to the finger, axial loading of the metacarpal head, or a
direct blow to the dorsum of the hand determines whether a metacarpal shaft
fracture is oblique or transverse.

Metacarpal neck fractures, also known as boxer’s fractures, are due to an
axial loading volarly directed force to the metacarpal head. The interosseous
muscles maintain the fracture in a flexed position.

Fractures of the metacarpal head are due to avulsion of a collateral liga-
ment or to impaction from a longitudinal blow. Fracture of the metacarpal
head due to impaction from a tooth during a fistfight is also known as a fight
bite and is particularly likely to become infected.

Diagnosis and Initial Management

History and Physical Examination

There is pain localized to the area of injury and a history of trauma. Swelling
will be present, deformity may be. In particular, correct rotational alignment
must be confirmed. Digital scissoring may occur in spiral fractures of the
metacarpal diaphysis, and it is essential to flex the injured MCP joint to observe

i

FIG. 14-2 Dorsal dislocation of the fifth MCP joint and a fracture of the base
of the fourth metacarpal.
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Extensor carpi
ulnaris

FIG. 14-3 Fracture with subluxation of the base of the fifth metacarpal and
Bennett's fracture of the first metacarpal.

rotational alignment. The fingertips of correctly aligned fingers point toward
the tubercle of the scaphoid. Alignment of the nail bed can also be compared
with the opposite side to check for this deformity. It will not be evident on x-ray.

Radiographic Examination

Anteroposterior (AP), lateral, and oblique views of the hand are obtained. A
30-degree pronation AP view of the fifth CMC joints will show subluxation of
this joint. Computed tomography (CT) may help in the evaluation of the CMC
joints.

Initial Management

Initial management of a metacarpal fracture that is displaced is reduction and
immobilization in a splint. The splint extends from the PIP joints to the elbow.
The position of immobilization is as follows: the MCP joints are flexed to 90 de-
grees, the PIP joints are extended, and the wrist dorsiflexed to 20 degrees.
‘When reduction is required, a metacarpal or hematoma block is administered.

Fracture-dislocations of the base of the metacarpals (the MC-C joints)
are reduced by longitudinal traction and pressing the metacarpal base volar-
ward. Fractures of the metacarpal diaphysis and neck are usually angulated
with the apex dorsal. Diaphyseal fractures are reduced with longitudinal trac-
tion and application of a corrective force to the apex of the deformity. Spiral
fractures of the diaphysis are often underestimated. They require immobi-
lization with the MCP joints flexed so that rotational deformity does not occur.
Boxer’s fractures are reduced by flexing the MCP and PIP joints and pushing
the proximal phalanx dorsally at the PIP joint to lift the metacarpal head while
maintaining volar-directed pressure on the metacarpal proximal to the frac-
ture. Fractures of the metacarpal head usually do not require closed reduction
and are splinted.

Associated Injuries

A wound over the metacarpal head should raise suspicion of a fight bite. Be-
cause of the likelihood of infection, these injuries should be surgically explored,
thoroughly irrigated, and closed secondarily. Other injuries associated with
metacarpal fractures and dislocations are infrequent.
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Definitive Management

Most metacarpal fractures are managed with splinting or casting for 3 to
6 weeks. Immobilization is discontinued when there are clinical (i.e., absence
of pain at the fracture site) and early radiographic signs of healing.

There are specific indications for surgery for each type of metacarpal frac-
ture. An unstable fracture or a less than anatomic reduction of a fracture of
the metacarpal base is an indication for operative reduction and fixation. The
fracture is either reduced under direct vision through a dorsal incision or with
the aid of fluoroscopy. Kirschner wires are driven across the fracture into the
carpus or, in situations involving multiple metacarpals, plate fixation 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
range-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 interfere with rehabilitation and it can be removed at any time.

Indications for internal fixation of fractures of the metacarpal diaphysis ar-
eas follows: (1)shortening of more than 3 mm, (2) rotational malalignment
resulting in digital scissoring, (3) dorsal angulation of the fourth and fifth
metacarpals greater than 40 degrees, (4) dorsal angulation of the second and
third metacarpals greater than 10 degrees, (5) multiple metacarpal fractures,
and (6) gunshot wounds or crush injuries with comminution or loss of bone
(Fig. 14-4). The fracture can be reduced closed using fluoroscopy or exposed
through a dorsal incision. Fractures reduced closed are stabilized with percuta-
neous K wires. Plates and screws, interosseous K wires, and intramedullary
K wires are used to stabilize fractures that have been opened. Fractures with
a deficient or contaminated soft tissue envelope need stable fixation, especially
to prevent shortening; they are managed with plates and screws, an external fix-
ator, K-wire spacers, or polymethylmethacrylate spacers prior to the definitive

FIG. 14-4 Ato D. Multiple metacarpal fractures resulting from a crush injury
to the hand, treated by debridement, immediate internal fixation, and sec-
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 metacarpals 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 deformity 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
2 weeks.

Complications

Complications include malunion, nonunion, posttraumatic arthrosis, and joint
contractures/tendon adhesions. Malunion includes digital shortening, un-
sightly or painful bony prominence, and malrotation (digital scissoring);
these can be managed with osteotomy and internal fixation. Nonunion is in-
frequent and is managed with stable fixation 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 DISLOCATIONS 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 (corner 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, and 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
of the volar lip of the distal phalanx are caused by avulsion of the FDP tendon or
volar plate during hyperextension. FDP avulsions occur in contact sports such as
rugby or football and most often involve the fourth finger.

Distal phalangeal 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 repaired. 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 Initial 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. CT imaging can be help-
ful 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 segment palmarward over the stabilized
proximal component. Traction can be counterproductive in some instances.

Definitive Management

Small avulsion fractures of the base of the proximal phalanx are managed
with buddy taping and early protected motion. Displaced fragments compris-
ing more than 30% of the articular surface are exposed through volar or dorsal
incisions, depending on location, and fixed with small K wires, or screws.
Impaction fractures are managed with reduction of the joint surface, elevation
of depressed articular segments, 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 metacarpal head. Motion is started at 3 weeks. When a com-
minuted impaction (pilon) fracture cannot be reduced and stabilized surgi-
cally, dynamic traction through the middle or distal phalanx (with or without
a limited open reduction and pinning) can provide a qualified reduction and al-
low early passive motion. The Schenck dynamic splint is useful in this regard
(Fig. 14-5).

Undisplaced fractures of the diaphysis of the proximal and middle pha-
langes are managed with buddy taping and supportive casting (or splinting).

Displaced diaphyseal fractures are managed with closed reduction and cast-
ing for about 3 weeks. Clinical fracture stabilization occurs rapidly, and pro-
longed immobilization while waiting for radiographic signs of consolidation
is detrimental. Up to 15 degrees of angulation in the plane of motion is well tol-
erated. Rotational deformity results in digital scissoring, and angulation in the
coronal plane results in spaces between the fingers when the hand is cupped.
“Bayoneting” of fracture fragments results in a prominent spike of bone that
can result in impingement on tendons, limiting motion.

Failure to maintain reduction, open fractures, and injuries with multiple
fractures are indications for operative reduction and stabilization. Open re-
duction is performed through a splitting incision of the dorsal extensor tendon;

|

FIG. 14-5 The Schenck dynamic traction device. (From Sarris |, Goitz R,
Sotereanos D. Dynamic traction and minimal internal fixation for thumb and dig-
ital 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 Ato D. Displaced transverse fracture of the base of the index
finger proximal phalanx, treated by percutaneous pinning.

closed reduction is achieved with the aid of fluoroscopy. Fixation is done with
K wires, plate and screws, or an external fixator. The typical transverse frac-
ture is fixed with crossed intramedullary K wires (Fig. 14-6) and the oblique
fractures with interfragmentary screws or K wires (Fig. 14-7). For commi-
nuted diaphyseal fractures, a miniplate and screws provides fixation that al-
lows immediate motion (Fig. 14-8). Postoperatively, immobilization is main-
tained for a few days for the wound and fracture to stabilize; if fixation is
adequate, active range-of-motion exercises are initiated.

Undisplaced fractures of the PIP joint (proximal or middle phalanx) are
managed with buddy taping. Displaced unicondylar or bicondylar fractures
of the proximal phalanx are reduced open and stabilized. The surgical expo-
sure splits the extensor tendon, thereby preserving the attachment of the cen-
tral slip tendon on the base of middle phalanx. Stabilization is done with K
wires or screws. Barton (1984) described an excellent extraarticular method of
reduction and fixation of oblique unicondylar fractures using a midlateral ap-
proach, precisely reducing the extraarticular component and fixing it with a
transverse K wire or screw. Comminuted fractures are managed with an ex-
ternal fixator or with dynamic traction.

Displaced volar lip fractures of the base of the middle phalanx involving
more than 30% of the joint surface are often associated with joint instability
(Fig. 14-9). They are exposed through 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. Alternatively, comminuted fragments are excised and the
volar plate is sutured into the defect with a pull-out suture. The joint is pinned
for 3 weeks or, alternatively, an extension-block K wire can be inserted into
the head of the proximal phalanx, maintaining joint reduction by preventing
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FIG. 14-7 Ato D. Spiral fracture of the proximal phalanx stabilized with trans-
verse 1.5-mm screws.

dorsal displacement of the middle phalanx. Limited protected motion can be-
gin when the situation has stabilized and the pins have been removed. Re-
cently, grafting of the defect with the distal articular surface of the hamate
has been described. Agee (1978) described a force coupling device for main-
taining joint reduction while allowing motion.

FIG. 14-8 Ato D. Comminuted angulated middle phalangeal fracture treated
with a miniplate and screws, thus allowing early motion. (Courtesy of Robert
F. Hall, Jr., M.D.)



210 HANDBOOK OF FRACTURES

FIG. 14-9 Aand B. Comminuted fracture-dislocation of the PIP joint. (Courtesy
of Robert F. Hall, Jr., M.D.)

Fractures of the dorsal lip are rare and represent avulsion of the central slip
of the extensor tendon. Displacement of more than 2 mm results in an exten-
sion lag or boutonniere deformity. If more than 30% of the articular surface
is involved, the joint may be unstable. Exposure is through a dorsal approach,
and stabilization is done with K wires or a pull-out suture tied over a volar but-
ton. Displaced lateral avulsion fractures are the result of collateral ligament
avulsion. They are opened, reduced, and stabilized with a pull-out wire, figure-
of-eight tension band, or K wires.

The comminuted fracture of the middle phalangeal base is also a pilon frac-
ture. Fracture reduction can be difficult to achieve and maintain; the results of
open treatment are mediocre. Collapse of the joint surface requires elevation by
means of a limited open procedure and, rarely, the support of a bone graft. Se-
verely comminuted fractures can then be managed with an external fixator or
dynamic skeletal traction (Fig. 14-5).

Fractures of the DIP joint involve the head of the middle phalanx or the base
of the distal phalanx. Intraarticular fractures of the condyles of the middle pha-
lanx are similar to condylar fractures of the proximal phalanx. Undisplaced
condylar fractures are managed with splinting or buddy taping. Displaced frac-
tures are opened, reduced, and pinned. The DIP joint is immobilized for
3 weeks, but the PIP joint is left unsplinted. A fracture of the dorsal lip of the
distal phalanx, or mallet finger, is an avulsion of the extensor tendon. Most
are managed with immobilization of the DIP joint in extension for 6 weeks.
Fractures comprising more than 30% of the articular surface may be reduced
open and pinned through a dorsal incision, but the complication rate is high:
foremost is stiffness. Open reduction is recommended only for those fractures
associated with subluxation of the joint. A better alternative is closed exten-
sion-block splinting (Fig. 14-10A to C). In this method the DIP joint is flexed
maximally and, using fluoroscopy, a K wire is inserted into the head of the mid-
dle phalanx to block retraction of the avulsed 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. In either instance, the joint is pinned
for 6 weeks.

Fractures of the volar lip are FDP avulsions and are explored. The tendon
is repaired or the fragment of bone is reduced and stabilized with a pull-out
wire or small-diameter K wires.
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FIG. 14-10 Ato 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 transverse tuft fractures of the distal phalanx are splinted af-
ter any subungual hematoma is decompressed. Displaced fractures are often as-
sociated with a soft tissue laceration and are pinned if unstable. Disruption of
the nail bed must be repaired or nail deformity will ensue with nail regrowth.

Longitudinal fractures may be intraarticular and, when displaced, are
pinned percutaneously with the aid of fluoroscopy or under direct vision.

Dislocation of the MCP joint is most commonly dorsal and can be recog-
nized with hyperextension of the digit. This can be reduced by distal and volar-
based pressure on the base of the proximal phalanx. Irreducible dislocation is
caused by detachment of the volar plate and its interposition between the
metacarpal head and the base of the proximal phalanx. The digit is in slight
hyperextension, and the volar skin may be puckered. Operative reduction can
be through a volar or dorsal incision. The volar plate is divided longitudinally
through the dorsal incision, allowing the metacarpal head to reduce. To affect
reduction through the volar approach, the A-1 pulley 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 associated with avulsion of the volar plate and
is usually stable. This can be treated with immobilization or extension-block
splinting for 1 to 2 weeks. Unstable dorsal dislocations with volar fractures
can be treated with extension-block splinting for 3 to 4 weeks, extension-block
pinning, or open reduction of a large fragment. In extension-block pinning, a
K wire is placed through the head of the proximal phalanx, temporarily block-
ing extension and redisplacement of the middle phalanx.

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 joint is
splinted in extension for 6 weeks to avoid a boutonniere deformity. Rotatory
dislocation of the PIP joint most frequently involves buttonholing of the
condyle of the proximal phalanx between the central slip and the lateral band.
This can be irreducible; open reduction is then necessary to extricate the lateral
band from the joint and reduce the entrapped condyle.

Dislocations of the DIP joint are generally dorsal and are reduced with gentle
traction. Irreducible dislocations are rare and are associated 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 internal fixation and
possibly bone grafting in the first 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 cm of the articular surface.

Gamekeeper’s thumb is an avulsion injury of the ulnar collateral of the
MCP joint. The collateral ligament 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 torn 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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FIG. 14-11 A and B. Gamekeeper’s thumb and the Stener lesion.

might possibly create a Stener lesion and should not be done in the presence of
anondisplaced corner fracture. Stressing of the MCP joint with an ulnar open-
ing of 10 to 15 degrees greater than at the unaffected side is indicative of an ul-
nar collateral avulsion.

Initial Management

The initial management is typically a well-padded thumb spica splint applied
along the radial aspect of the forearm to the tip of the thumb.

Definitive Management

The Bennett’s fracture is reduced closed under fluoroscopy with longitudi-
nal traction, abduction, and pronation. Finger-trap traction facilitates the pro-
cedure. The reduction is stabilized with percutaneous pins. The first
metacarpal is pinned with multiple K wires to the carpus, the second
metacarpal, or both. It is not necessary to transfix the small volar fragment
as long as reduction is maintained. Fragments comprising more than 30% of
the articular surface are reduced and pinned to ensure maintenance of reduc-
tion of the articular surface. Open reduction may be necessary to achieve a
satisfactory result. This is accomplished through an angled incision at the
base of the thumb that elevates the thenar musculature from the CMC joint.
Postoperatively, the hand is placed in a thumb spica splint from the IP joint to
the proximal forearm for 4 weeks. The pins are removed a week later, as re-
habilitation progresses.

The Rolando’s fracture is reduced open through a hockey-stick incision of
the volar side of the MCP joint. The fracture is reduced and a mini-T plate or
Kirschner wires are used to stabilize the fragments. Severely comminuted
Rolando’s fractures may not be amenable to open reduction. Reduction with
traction, percutaneous pinning of the metacarpal shaft (i.e., distal fragment)
through the proximal fragment to the carpus or to the second metacarpal, and
application of a mini—external fixator (with pins in the distal first metacarpal
and trapezium) can maintain length and an approximate reduction (Fig. 14-12).
Postoperatively, the hand is splinted from the IP joint to proximal forearm for
4 weeks.

Extraarticular fractures of the first metacarpal are managed with closed
reduction and casting for 4 to 5 weeks. Reduction is obtained by longitudinal
traction and pronation of the distal fragment. Casting can be carried 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 traction, but when traction is released, the fracture tends to collapse.
Diligent radiographic follow-up is important. Fifteen degrees of angulation is
acceptable. Occasionally percutaneous pinning or open reduction and inter-
nal fixation are needed.

Gamekeeper’s thumb is managed with open repair of the ulnar collateral
ligament and volar capsule through an ulnar incision. The ligament is repaired
or bony avulsions are reduced and stabilized. This is usually accomplished with
a transosseus suture (pull-out suture) tied over a button on the side opposite
the injury, Kirschner wires, or a figure-of-eight tension-band wire (passed un-
der the ligamentous attachment to the avulsed fragment and through a trans-
verse drill hole just distal to the fracture). Supplemental K-wire fixation of the
MCP joint is recommended for purely soft tissue repairs. Postoperatively, the
hand is placed in a thumb spica splint for 4 weeks for bony avulsions and
6 weeks for ligamentous repairs.

Complications

The most common complication of Bennett’s and Rolando’s fractures is MCC
joint arthritis. This can be managed conservatively with nonsteroidal anti-
inflammatory drugs and local steroid injections. If these measures fail, the
joint is arthrodesed. The most common complication of gamekeeper’s thumb
is chronic instability of the MCP joint due to delay in presentation or failure of
the repair. It is managed with ligamentous reconstruction with a tendon graft
or MCP joint arthrodesis.
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15 Fractures and Dislocations
of the Spine

Gbolahan O. Okubadejo  Brett A. Taylor
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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? 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 theory 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. Fracture-dislocations 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.

result from a combination of various forces acting on the spinal column—
including compression, distraction, axial load, rotation, torsion, or shear—
careful attention is paid to alignment in the coronal and sagittal planes to iden-
tify potential subluxation or dislocations of the spine.

Osseous Anatomy

The cervical spine comprises the first seven vertebrae and connects the skull
to the thoracic spine. The cervical spine functions to protect the spinal cord
and nerve roots while supporting the skull and allowing flexibility to position
the head. Approximately half of neck flexion-extension occurs between the
base of the skull and C1. Similarly, half of the rotation of the head on the neck
occurs at the C1-C2 articulation. The remaining motions of flexion, extension,
rotation, and side bending occur between the C2 and T1 articulations.

The atlas (C1) and the axis (C2) differ markedly in structure from the lower
five cervical vertebrae (C3 through C7). The atlas is unique among vertebrae
in that it has no vertebral body but rather a thick anterior arch with two bulky
lateral masses and a thin posterior arch. The axis has the odontoid process or
dens, which is the fused remnant of the body of the first cervical vertebra. The
odontoid process sits cephalad on the body of C2 and rests just posterior to the
anterior arch of the atlas, where it is held tightly by ligaments. The remaining
lower cervical vertebrae (C3 through C7) have small vertebral bodies that are
convex on the superior surface and concave on the inferior surface. Arising
anterolaterally from the bodies are transverse processes that have both anterior
and posterior tubercles. The foramen transversarium is located between the pos-
terior tubercle and the lateral part of the vertebral body. The vertebral artery
passes through this foramen, entering at C6 and exiting at C2. The exiting nerve
roots pass just posterior to the vertebral arteries at the level of the disc space.

Posterior to the vertebral foramina are the lateral masses comprising that por-
tion of bone between the superior and inferior facets. The lateral masses are im-
portant anatomic structures for the placement of screws in posterior plating pro-
cedures of the cervical spine. The cervical facet joints are oriented more in a
horizontal than a vertical plane, with the superior facet sitting anterior to the in-
ferior facet of the level above. This allows for a great amount of flexion and ex-

TABLE 15-1 Classification of Spinal Injuries

Columns injured

Type of injury Anterior Middle Posterior
| Compression fractures Yes No No
Il Burst fractures Yes Yes No
Il Flexion—distraction injuries Yes/No Yes Yes

IV Fracture—dislocations Yes 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. As 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-like 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 column include the
supraspinous ligament, the interspinous ligament, the facet joint capsule,
and the ligamentum flavum. 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 apical ligament and the paired alar ligaments, which run superiorly from
the odontoid process to the anterior rim of the foramen magnum. This allows
rotation of C1 on C2 but prevents posterior translation of the dens within the
ring of the atlas, which would place the spinal cord at risk.
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The intervertebral discs are complex structures made up of an outer an-
nulus fibrosus and an inner nucleus pulposus. The annulus fibrosus 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 Upper Extremity

Root Motor Sensory Reflex
C4 Diaphragm Top of shoulder
C5 Elbow flexion (biceps) Lateral arm Biceps
Cc6é Wrist extensors Lateral forearm, Brachioradialis
(ECRL/ECRB) thumb/index
finger
Cc7 Elbow extension (triceps) Middle finger Triceps
c8 Finger flexors (FDP) Medial forearm,
ring/little finger
T1 Finger abduction Posterior shoulder

(interossei)
ECRL = extensor carpi radialis longus; ECRB = extensor carpi radialis bre-
vis; FDP = flexor digitorum profundus.

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 L1. 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 cord injuries 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 cord, and Brown-Séquard 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. Central 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-Séquard 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 L1 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 L2 level
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 (lower 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 Initial 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 bulbocavernosus reflex. This is tested while a
digital rectal examination is being performed. 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.

Radiographic Examination

Screening radiographs include anteroposterior and lateral views. In the setting
of definite spinal injury, the entire spine should be visualized 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, adding to the difficulty of diagnosis of injuries in these areas.

In considering what further imaging one should obtain, it is generally ac-
cepted that a computed tomography (CT) scan should be performed when bone
injury has been diagnosed. MRI 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 CT.

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. Range-of-
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 external auditory canal. The skull bolts are finger-tightened
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 5 1b 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 1b of traction or more
to reduce the malalignment. It is not uncommon to require anywhere from
50 to 100 Ib of traction for dislocations of the lower cervical spine to accomplish
reduction in large adults. Once reduction is achieved, a load of 10 to 15 Ib 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 treatment 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 mg/kg is administered as a loading dose in-
travenously over 1 h. A continuous intravenous drip of methylprednisolone
at a dose of 5.4 mg/kg/h 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 H, 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 C2 lateral mass.

Atlas fractures result from impaction of the occipital condyles on the arch
of C1. This causes single or multiple fractures of the ring of C1, 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 C1 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 C1 lateral mass, with asymmetrical dis-
placement of the lateral mass from the remainder of the vertebrae. This is best
seen on an open-mouth odontoid view of the C1-C2 complex. The fourth
type, burst fractures of the atlas (or Jefferson’s fracture) classically has four
fractures in the ring of C1: 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 C1 lateral 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
of C1.

Identification of odontoid process fractures 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).
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FIG. 15-2 The three types of odontoid fractures.

Type I fractures represent an avulsion fracture from the tip of the odontoid
process, where the alar ligament inserts.

Type II fractures are the most common type of odontoid fracture and oc-
cur in the midportion of the dens proximal to the body of the axis. The lim-
ited blood supply and small cross-sectional cancellous surface area lead to a
high incidence of nonunion. Other risk factors for nonunion are angulation,
anterior or posterior displacement of more than 4 mm, and patient age greater
than 40 years.

Type III injuries are those in which the fracture line extends into the ver-
tebral body of C2. Because of the larger cross-sectional area and the pres-
ence of cancellous bone with a rich blood supply, these type III fractures
consistently unite if they are adequately aligned (Fig. 15-3).

Traumatic spondylolisthesis of the axis, or hangman’s fracture, is a bi-
pedicle fracture with disruption of the disc and ligaments between C2 and
C3, resulting most commonly from hyperextension and distraction. This frac-
ture is named for the injury resulting from judicial hanging with a rope in the
submental position.

Hangman’s fractures are further classified based on the amount of dis-
placement and angulation of the C2 body in relation to the posterior elements
(Fig. 15-4A to D).

Type I injury is a fracture of the neural arch without angulation and with
as much as 3 mm of anterior displacement of C2 on C3.

Type II fractures have anterior displacement greater than 3 mm or angula-
tion of C2 on C3. These fractures usually result from hyperextension and ax-
ial load followed by severe flexion, which stretches the posterior annulus and
disc and produces the anterior translation and angulation.

Type IIA injuries are a flexion-distraction variant of type II fractures. They
demonstrate severe angulation of C2 on C3, with minimal displacement,

FIG. 15-3 An open-mouth view indicating a type Ill odontoid fracture.
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apparently hinging on the anterior longitudinal ligament. It is important to rec-
ognize this type of hangman’s fracture because the application of traction may
distract the C2-C3 disc space and further displace the fracture.

Type I1I injuries are bipedicle fractures associated with unilateral or bilat-
eral facet dislocations. These are serious, unstable injuries and often have neu-
rologic sequelae.

Fractures of the occipital condyles result from combined axial loading and
lateral bending. There are two types: avulsion fractures or comminuted com-
pression fractures.

Atlantooccipital dislocations are rare injuries resulting from total disrup-
tion of all ligamentous structures between the occiput and the atlas. The mech-
anism of injury is usually extension or flexion. Death is usually immediate due
to severe brainstem involvement with complete respiratory arrest.

Atlantoaxial rotary subluxation occurs most often secondary to vehicular
accidents. The main difficulty is lack of early recognition.

Lateral mass fractures of the axis are the result of combined axial-loading
and lateral-bending forces.

Associated Injuries

Associated injuries include compression of the spinal cord or cervical nerve
roots, head injuries, and other fractures, particularly of the cervical spine.
Fractures of the occipital condyles are associated with severe head trauma and
are accompanied by cranial nerve palsies. Fifty percent of patients with a frac-
ture of the posterior arch of the atlas have another cervical spine injury, the most
common being a traumatic spondylolisthesis of the axis or a displaced odon-
toid fracture. A high index of suspicion and careful physical and radiographic
examinations constitute the best method of finding associated injuries.
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Diagnosis and Initial Management
Physical Examination

As should always be common practice, the primary survey is the first step prior
to assessing for orthopedic injuries. Once issues with airway, breathing, and
circulation have been addressed, the focus may then turn to orthopedic and
neurologic concerns.

The patient has pain localized to the neck, and there may be a feeling
of instability or fixed deformity. The initial assessment is performed as
described.

Radiographic Examination

Initially, a cross-table lateral radiograph is obtained for all patients with sus-
pected injuries of the cervical spine. This radiograph includes all seven cervi-
cal vertebrae and the C7-T1 junction. When this is not possible due to the in-
terposition of the shoulders in patients with short necks, the patient’s arms
are pulled down to lower the shoulders or one arm is extended above the head
while keeping the other arm at the side during the procedure (swimmer’s
view) (Fig. 15-5).

Additional required views include an anteroposterior view and an odon-
toid or open-mouth view, which details the C1-C2 articulation in the coronal
plane (Fig. 15-3). Right or left oblique and voluntary flexion-extension views
are obtained as indicated.

Four lines are essential to examine on the lateral radiograph: the anterior
vertebral body line, the posterior vertebral body line, the spinal laminar line,
and the line connecting the tips of the spinous processes. All of these land-
marks should align in a smooth arc from C1 to T1 (Fig. 15-6). Any malalign-
ment indicates potential vertebral subluxation or dislocation.

The soft tissue shadows on the lateral radiographs of the cervical spine rep-
resent the retropharyngeal and retrotracheal shadows. These soft tissue shad-
ows are expanded by the hematoma associated with injury of the cervical
spine and may be the only indication of subtle injuries. The soft tissue shadow
should be no more than 6 mm from the anterior aspect of C2 and no more
than 2 cm 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 and require axial CT for delineation.

_———

FIG. 15-5 Swimmer’s view of cervical spine.
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FIG. 15-6 Normal bony arcs and soft 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.

Atlantooccipital dissociation is identified on the lateral radiograph of the
cervical spine or lateral view of the skull, which profiles the atlantooccipital
junction quite well. There is dissociation between the base of the occiput and
the C1 arch and severe soft tissue swelling.

Fractures of the atlas are diagnosed on a lateral radiograph of the cervical
spine and/or an open-mouth odontoid view. The lateral radiograph demon-
strates fracture lines within the posterior arch of C1. The open-mouth view
indicates splaying of the lateral masses of C1 on the articular surfaces of the
axis. Axial CT is helpful in the evaluation.

Atlantoaxial subluxation due to disruption of the transverse ligament is best
demonstrated on lateral flexion-extension views and is indicated by an in-
crease in the atlantodental interval (ADI), which is normally less than 3.5 mm.
This is measured from the posterior aspect of the anterior arch of C1 to the
anterior aspect of the odontoid process (Fig. 15-7A and B). Angulation greater
than 11 degrees is also indicative of instability. However, spasm of the spinal
extensor muscles accompanying an acute injury may prevent adequate vol-
untary flexion-extension radiographs. Once this problem is recognized, an
axial CT scan is obtained to ascertain whether instability is purely ligamentous
or due to a bony avulsion.

Radiographs following atlantoaxial rotary subluxation are often reported
as normal because it is difficult to obtain radiographs parallel to the plane of
both C1 and C2 due to the accompanying torticollis. Open-mouth radiographs
often help recognize this injury by demonstrating a “wink sign.” This occurs
because of the unilateral overlap of the lateral mass of C1 on C2. CT is help-
ful in describing the direction and rotation of C1 on C2.

Odontoid fractures are seen on radiographs of the lateral cervical spine or
on an open-mouth view. Occasionally, three-dimensional CT reconstruction
or conventional tomography may be necessary to identify and fully evaluate
these fractures. Axial CT may miss the fracture line, as it is in the plane of
the axial image.

Hangman’s fractures are seen on the lateral radiograph. Lateral mass frac-
tures with minimal comminution may require CT for identification.

MRI may be obtained for patients with spinal cord or nerve root injuries and
also for evaluation of the intervertebral discs, annular structures, and posterior
ligaments.
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FIG. 15-7 Atlantoaxial relations. A. Normal relation of the atlas and dens

seen on the lateral view. B. Atlantoaxial subluxation as indicated by an increase
in the atlantodental interval (ADI).

Initial Management

Occipital condylar fractures are managed initially in a cervical orthosis. Frac-
tures of the occipital condyles are generally stable injuries that can be treated
with orthotic immobilization with a two-poster orthosis or a rigid Philadelphia
collar. Most of these fractures heal uneventfully, although occasionally post-
traumatic arthritis occurs, requiring posterior atlantooccipital fusion.

Traction is contraindicated following atlantooccipital dislocation. Even
5 1b may overdistract and stretch the brainstem, with catastrophic results. Ini-
tial treatment is application of a halo vest to maintain stability of the spine
while attention is given to the patient’s respiratory and neurologic status. Once
the patient is stabilized, a fusion from the posterior occiput to the upper cer-
vical spine is performed, with continued immobilization in a halo vest for ap-
proximately 3 months.

Initial management of type I, II, and III fractures of the atlas requires a rigid
cervical orthosis. Jefferson’s fractures are placed in traction.

Atlantoaxial subluxation and atlantoaxial rotary subluxation are managed
initially with a cervical orthosis.

Type I odontoid fractures are managed with a cervical orthosis. Type II
and III fractures are initially managed with cervical tong traction to reduce
and/or maintain sagittal alignment.

Type I hangman’s fracture is treated with a rigid cervical orthosis. Types
IT and ITA are managed with a halo vest. Type IIA injuries should not be
treated with traction, as this may cause overdistraction and subsequent neu-
rologic injury. The initial management of type III fractures 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.

Definitive 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 III 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 C1 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. If there is more than 3.5 mm of
atlantoaxial subluxation in an adult, posterior C1-C2 fusion is performed with
or without transarticular C1-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 C1-C2 posterior fusion, possibly with C1-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 1b 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 C1-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 C1-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 atlantooccipital 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 C1-C2 arthrodesis if healing does not occur
within 4 months; primary posterior C1-C2 arthrodesis as long as the poste-
rior arch of C1 is intact; posterior C1-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 C1-
C2 fusion and thus preserves motion of the upper cervical spine. Provided that
type III 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 C1-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 IIA fractures. These fractures are managed with early
halo application under fluoroscopic guidance and with compression across the
fracture site for maintenance of reduction. Type III 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.

Complications

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 injuries of the vertebral body and
combined anterior and posterior bone injuries with minimal displacement and
angulation.

Vertebral body 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 through 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.

Diagnosis and Initial Management
Physical Examination

The primary sign of a subaxial inury to the cervical spine may be the associ-
ated neurologic deficit. Other than neck pain and a sense of instability, there
may be no symptoms indicating a fracture without neurologic deficit. Patients
with unilateral facet dislocation have a mild rotational deformity of the neck:
the head is tilted and rotated to the contralateral side of the facet dislocation.

Radiographic Examination

A common, isolated posterior element fracture, the unilateral vertebral arch
fracture, often is not evident on the initial lateral radiograph of the cervical
spine. Oblique views or nonstandard views, such as a 20-degree oblique or pil-
lar view, may be necessary to establish the diagnosis. When fracture of both an
ipsilateral pedicle and lamina occurs, the articular process may rotate into the
frontal plane and be viewed as a “transverse facet” on the anteroposterior ra-
diographic view.

Vertebral body burst fractures involve the anterior and middle columns of
the cervical spine. The lateral radiograph indicates compression of the anterior
and middle columns, with retropulsion of the middle column posteriorly into
the spinal canal. Burst fractures always require an axial CT or MRI examination
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to document the amount of middle-column 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 lateral 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 normal 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 15-8D). 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 MRI examination. In an
awake patient with an incomplete neurologic deficit, reduction is attempted as
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long as the neurologic examination does not deteriorate. MRI or, alternatively,
cervical myelography may be performed if a patient’s neurologic examination
changes during the reduction maneuver. Treatment of a traumatic disc herni-
ation associated with a facet dislocation is anterior discectomy and fusion pre-
ceding a single-level posterior instrumentation and fusion. Unilateral facet dis-
location is often difficult or impossible to reduce with pure longitudinal
cervical traction. These cases require a manual reduction maneuver after ap-
plication of the appropriate amount of cervical traction. Manually turning the
rotated head and chin toward the ipsilateral side of injury often produces a pal-
pable clunk and feeling of reduction for the patient. This obviously must be
done with careful neurologic monitoring and radiographic control. This re-
duction maneuver unlocks the dislocated facet and places it back into the nor-
mal position; that is, the superior facet sits anterior to the inferior facet. A
prereduction MRI should be performed to determine whether a concomitant
cervical disc herniation is present.

Associated Injuries

Associated injuries are identical to those of the upper cervical spine.

Definitive Management

Options for definitive treatment of injuries to the subaxial cervical spine in-
clude (1) orthotic immobilization with a sternal-occipital-mandibular immo-
bilizer (SOMI) (Fig. 15-9A); (2) halo vest immobilization (Fig. 15-9B); (3)
posterior fusion and stabilization using wires, cables, clamps and/or screws
and plates; (4) anterior approaches for decompression and strut-graft fusion
with or without plate and screw stabilization; and (5) a combination of these
four treatment modalities. The two primary considerations for choosing a par-
ticular treatment plan include the presence of neural compression and actual or
anticipated spinal instability.

Traditionally, posterior stainless steel wire constructs have provided ade-
quate stabilization for fusion in the subaxial cervical spine by using spinous
processes and/or facet wiring techniques. Sublaminar wire techniques are not

FIG. 15-9 A. SOMI orthosis. B. Halo vest.
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recommended in the subaxial cervical spine following trauma 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. If the 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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Unilateral facet fractures without subluxation are managed in a SOMI or-
thosis or halo vest for 3 months or until bone healing is noted. The residual ro-
tatory instability of a facet fracture with subluxation may be uncontrolled in
a halo vest; therefore these injuries may heal in a malunited rotated position,
which can exacerbate a nerve root deficit. For those injuries in which reduction
cannot be maintained with a halo vest, management is anterior cervical dis-
cectomy and fusion with anterior cervical plating in addition to a halo vest to
provide reduction and stability for posterior column healing.

When closed reduction of a facet dislocation is successful, the patient’s neu-
rologic status and overall medical condition are monitored. When the patient
is considered neurologically and medically stable, single-level posterior in-
strumentation with fusion is performed. Posterior wiring techniques are the
traditional method of internal stabilization. Posterolateral mass plating tech-
niques are also being used for internal stabilization of these injuries. With both
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 treated with an anterior discectomy, fusion, and plating technique followed
by a cervical orthosis after 3 months. Bilateral facet fractures are approached
anteriorly because the involvement of the posterior column precludes posterior
instrumentation. Anterior cervical discectomy 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 necessary to immobilize the fractures
of posterior elements.

Complications

Complications of burst fractures include progressive kyphosis with potential
neurologic sequelae due to failure to diagnose a posterior ligamentous injury.
In cases where there is greater than 50% loss of height of a vertebra in a neu-
rologically intact patient, voluntary flexion-extension radiographs after heal-
ing of the compression fracture are necessary to rule out posterior ligamentous
injury, which will result in chronic instability. Complications associated with
the use of anterior strut grafts include anterior dislodgment with esophageal
compression, posterior dislodgment with potential spinal cord compression,
and breakage or nonunion of the strut graft.

Complications of teardrop fractures revolve around the difficulty of stabi-
lizing unrecognized posterior ligamentous injuries. Management with anterior

FIG. 15-10 Postoperative radiographic appearance of C5 corpectomy and
fusion. A. Anteroposterior view. B. Lateral view.
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corpectomy and strut graft in the face of posterior-column injury has resulted
in graft dislodgment, late kyphotic deformities, and the need for reoperation
even with postoperative halo vest treatment. Anterior and posterior surgical
approaches with internal stabilization via plates anteriorly and posteriorly ap-
pear to stabilize these injuries maximally.

Complications of cervical facet injuries are the development of acute or
chronic instability. This is frequently due to the inadequate treatment of liga-
mentous injuries in a halo, which will not produce long-term stability; failure
to recognize a concomitant disc herniation in the presence of a facet subluxa-
tion or dislocation during the closed reduction maneuver; failure to anticipate
rotational instability; and the use of interspinous wiring techniques that do
not control rotational instabilities. Acute and chronic cervical instability has
been quantified to be present when more than 3.5 mm of segmental translation
or greater than 11 degrees of segmental angulation are present. Patients who
have this degree of instability, even if asymptomatic, should be considered for
posterior instrumentation and fusion.

INJURIES OF THE THORACIC AND LUMBAR SPINE

Fractures of the thoracic, thoracolumbar, and lumbar spine are classified
into four general categories: compression fractures, burst fractures, flexion-
distraction injuries (Chance fractures), and fracture-dislocations.

The most common and benign of thoracic and lumbar fractures are simple
compression fractures. These typically are wedge-shaped fractures of a ver-
tebral body involving only the anterior column (Fig. 15-11A). They occur after
trivial trauma in elderly patients with osteoporosis or following more signifi-
cant trauma in younger patients. They may be located in any part of the tho-
racic or lumbar spine, most frequently between T11 and L2. One should have
a high suspicion for the presence of burst fracture if interpedicular widening
is seen on an anteroposterior radiograph. CT scan can help to differentiate be-
tween the two by close inspection of the posterior vertebral column. Com-
pression fractures can be unstable when the posterior ligamentous structures
are disrupted. This may allow progressive vertebral wedging to occur, which
would then manifest as increasing kyphosis over the long term and could even-
tually lead to significant functional impairment or neurologic compromise.

FIG. 15-11 A. Compression fracture of the lumbar spine. B. Burst fracture
of the lumbar spine.
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Burst fractures involve the anterior and middle columns with or without
injury to the posterior column. The mechanism of injury is high-energy axial
loading with slight flexion. The vertebral body literally explodes or “bursts,”
often resulting in retropulsion of the posterior vertebral body wall into the
spinal canal (Fig. 15-11B). The proposed mechanism is vertebral endplate fail-
ure, with disc tissue being driven into the vertebral body.

Flexion-distraction injuries (Chance fractures) are three-column injuries
with the fracture propagating through the posterior elements and pedicle and
exiting through the vertebral body (Fig. 15-12A). These can also be com-
pletely ligamentous injuries, entering through the posterior ligaments and ex-
iting through the disc space, or combined injuries to bones and ligaments
(Fig. 15-12B). Chance fractures often occur during a head-on automobile col-
lision in which the patient is wearing a lap belt without concomitant use of a
shoulder belt. The mechanism of injury is acute flexion of the torso on the seat
belt. During impact, the upper part of the body is accelerated anteriorly over
the seat belt, producing a distraction force posteriorly around a fixed fulcrum
just anterior to the abdomen. Intraabdominal damage has been reported in
45% of patients with this mechanism of injury.

Fracture-dislocations are the result of significant energy applied to the
spine with a variety of forces—including flexion, distraction, extension, rota-
tion, shear, and axial-loading components—producing spinal malalignment
(Fig. 15-13). These injuries always involve all three columns of the spine and
are extremely unstable. They have a marked propensity to cause profound
neurologic injury.

Diagnosis and Initial Management
History and Physical Examination

The neurologic examination is critical in patients with thoracic and lumbar
spinal injuries, particularly so in those with burst fractures. Clinically, patients
may have tenderness to palpation over the affected posterior elements if these
are also injured.

The diagnosis of flexion-distraction spinal injuries includes a high index of
suspicion from the mechanism of injury, as noted previously. Often, these pa-
tients present to the emergency room with a seat-belt type of abrasion over the
anterior abdominal wall. A tender, palpable gap may be present in examining
the back, indicative of the distracted spinous processes. The incidence of neu-
rologic complications in flexion-distraction injuries is low in patients without

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 associated dislocation. Patients with fracture-dislocations often have multi-
system injuries due to the violent nature of the trauma. Gross spinal malalign-
ment may be obvious in examining the back, which may have a palpable step-
off in the posterior spinal contour.

Radiographic Examination

The diagnosis of a compression fracture is normally made on routine lateral
radiographs of the affected region of the spine. Typically, loss of anterior body
height vs. posterior height is noted, depending on the amount of compression
seen. Axial CT can reliably document an intact posterior vertebral body wall,
thereby confirming an intact middle column and thus verifying an anterior
compression injury.

The diagnosis of burst fracture is made on either plain radiographs or CT.
Radiographic signs of a burst fracture include a widened interpedicular dis-
tance at the fracture level on the anteroposterior projection, vertebral body
compression with segmental kyphosis, and retropulsion of the posterior cortex
of the vertebral body on the lateral projection. The plain radiographs are also
examined for subluxation or dislocation in the coronal or sagittal planes and
for evidence of posterior-column injury (Fig. 15-14A and B). Axial CT demon-
strates a break in the posterior cortical wall, with different degrees of spinal
canal compression from retropulsed bone (Fig 15-14C and 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. The 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-
luxations 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. CT 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 Injuries

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 Management

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 corpec-
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
(less 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 L4 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-only 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 T1 to T10 fractures; a thoracoabdominal approach usu-
ally through the tenth rib for T11, T12, and L1 fractures; and a retroperitoneal
flank approach below the diaphragm for L2 to LS 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. As 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 instrumentation 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 signifi-
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. This 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 pure 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
reduction, 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.

Complications

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, unrecognized 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, II, and III, using the
Denis three-zone system.

Zone I fractures 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 S1 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 III 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-S1 facet joint.
Type A injuries are lateral to the facet joint, type B injuries extend through the
L5-S1 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 Initial Management
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.

Definitive Management

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.

Complications

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 III 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 column, or iliopubic column,
includes the anterior wall of the acetabulum, the anterior ilium, and the supe-
rior pubic ramus (Fig. 16-1A4). The posterior column, 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-
1B). 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 sacroiliac, and anterior sacroiliac ligament 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 iliac artery gives rise to the internal iliac and external iliac 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 torn by bony spicules, shear forces, and compression.

248
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FIG. 16-1 Anterior (a) and posterior (b) columns of the pelvis.

FRACTURES AND DISLOCATIONS OF THE PELVIC RING
Classification

Pelvic fractures have previously been classified according to the presumed
mechanism of injury as lateral compression, anteroposterior compression,
vertical shear, and complex fractures. The more useful AO classification of
Tile is based solely on pelvic stability and therefore better dictates the needed
treatment.

Type A fractures are stable both vertically and rotationally. They do not truly
disrupt the pelvic ring, as do type B and type C fractures. An iliac wing frac-
ture involving the crest that does not disrupt the integrity of the pelvic ring or
an isolated transverse fracture of the sacrum are examples of type A fractures.
Avulsions of the ischeal tuberosity or iliac spines are also type A injuries.

Type B fractures are vertically stable but rotationally unstable. They in-
clude many lateral compression and anteroposterior compression injuries. The
hemipelvis is disrupted rotationally, causing both anterior and posterior ring
injuries. Although these injuries can be quite severe and cause gross rota-
tional instability to the hemipelvis, the hemipelvis is not vertically unstable
and will not displace vertically because of the partially intact posterior liga-
mentous structures. The two common subgroups of type B injuries include the
“open-book” (B1) injury, with anterior pelvic ring disruption and disruption of
the anterior sacroiliac ligaments. The hemipelvis is unstable to external ro-
tation but vertically stable because of intact posterior sacroiliac ligaments

FIG. 16-2 Transverse section through sacroiliac joints. (a) Interosseous lig-
aments, (b) posterior sacroiliac ligaments, (c¢) anterior sacroiliac ligaments.
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FIG. 16-3 A. B1 injury with disruption of the anterior ring and anterior sacroil-
iac ligament. The posterior sacroiliac ligaments remain intact, providing vertical
stability. B. AP view of the pelvis with a typical B1 injury.

(Fig. 16-3A and B). The second most common subgroup of type B injuries
comprises those unstable to internal rotation; they include the “lateral com-
pression” (type B2) injuries. The internally rotated hemipelvis disrupts the
posterior sacroiliac ligaments and crushes the anterior ring (pubic rami). The
anterior sacroiliac ligaments and sacrospinous and sacrotuberous ligaments re-
main intact. The rotating hemipelvis frequently crushes the anterior sacrum
or sacral ala. The intact ligaments keep the hemipelvis vertically stable. The
disrupted anterior ring and posterior sacroiliac ligaments cause internal rota-
tional instability (Fig. 16-4A to D).

FIG. 16-4 A. B2 injury with disruption of the anterior ring and posterior
sacroiliac ligament. The anterior sacroiliac, sacrospinous, and sacrotuberous
ligaments remain intact, providing vertical stability. B. 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 fractures are both vertically and rotationally unstable. Like
type B injuries, the anterior and posterior pelvic ring is disrupted. Unlike type
B injuries, sufficient disruption of bones or ligaments has occurred to allow
the hemipelvis to displace vertically. The posterior injury can involve the
sacrum, sacroiliac joint (Fig. 16-5D), posterior ilium, or any combination
thereof. The anterior injury can involve the pubic symphysis or ischial and
pubic rami (Fig. 16-5A to C). Because of the combined injuries to bones and
ligaments, these fracture-dislocations will migrate vertically due to the pull of
the torso muscles.

Diagnosis and Initial Management
History and Physical Examination

There is always a history of significant trauma. A rapid initial physical ex-
amination includes inspection for pelvic, abdominal, and perineal bruising;
digital inspection for rectal or vaginal tears, indicating an open fracture; blood
at the urethral meatus, indicating possible urethral tear; pelvic asymmetry;
iliac crest mobility; lower extremity malrotation; and leg-length discrepancy.
There is also a focused neurologic and vascular examination of the lower
extremities.

Radiographic Examination

An anteroposterior pelvic film usually raises suspicion of a pelvic ring dis-
ruption. Inlet and outlet views and computed tomography (CT) scans define
the posterior injury and thus possible instability of the pelvic ring. If the result
is equivocal, suspected instability is documented fluoroscopically by exami-
nation under anesthesia.

vertical displacement—all Sl ligaments 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 B1
and C injuries. Immediate 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, CT 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 Injuries

Pelvic fractures are frequently associated with vascular and genitourinary sys-
tem injuries. Type B1 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 urethrogram determines the presence of a urethral tear
prior to catheterization of the bladder. A cystogram determines whether the
bladder is intact (Fig. 16-5C).

Definitive Management

The goal of early management is stabilization of the unstable pelvis. This is
most frequently accomplished by application of an anterior external fixator.
In rotationally unstable (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 external fixator is used to externally rotate and re-
duce the internally rotated hemipelvis. Open-book (type B1) injuries with in-
stability on stress views greater than 2.5 cm 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.16-6 Aand B. Open-book injury to the pelvis treated with reduction and
plating. (Courtesy of Robert F. Hall, Jr., M.D.)

under general anesthesia will assess the degree of rotational instability. An ex-
ternal fixator or pubic symphysis plate is sufficient to internally rotate and sta-
bilize the externally rotated hemipelvis.
In vertically unstable fractures, anterior and posterior stabilization is required.
Anterior stabilization is accomplished as in type B injuries. Relative indi-
cations for internal fixation of the disrupted symphysis pubis or fractures of
pubic rami include exposure of the area for laparotomy or bladder repair or
when external fixator pins would violate a planned acetabular surgical inci-
sion, thereby increasing the chance of postoperative infection. The technique
of external fixation follows many of the guidelines set forth for external fix-
ator use in long bones. Two to three pins at least 5 mm in diameter are placed
in each hemipelvis. Increased pin spacing improves stability. External fixator
systems that do not require parallel pin placement allow individual angling
of pins for optimal positioning. The shape of the iliac wing makes it a chal-
lenge to insert the pins between the two cortical tables. Pins are placed through
small horizontal incisions over the iliac crest. The starting point for the first
pin is 2 cm posterior to the anterosuperior iliac spine. The second pin is in-
serted in the broad iliac tubercle 6 to 10 cm posterior to the first pin. A drill
hole is made in the cortex of the crest only, and pins are inserted by hand with
a T-handled chuck. Imaging can be used with tangential views to ensure that
the pins remain between the cortical tables. Directing each pin toward the
rectum offers an initial three-dimensional mental landmark for pin placement
within the cortical tables. Maximal pin depth, with the tips of the pins ending
in the ilium just above the acetabulum, affords the greatest stability and
longevity of the pin. Rotation of the fluoroscope in different directions allows
tangential views of each pin, verifying placement between the cortical tables.
A simple quadrilateral frame is attached to the pins, the pelvis reduced by
manipulation under fluoroscopy, and the frame tightened to hold the reduction.
The technique of open reduction and internal fixation of the anterior pelvic
ring calls for a horizontal Pfannenstiel or vertical laparotomy incision. Two an-
terior plates oriented at 90 degrees to each other are considered more stable
than a single plate. A Foley catheter in the bladder not only decompresses the
bladder but also serves as an easily palpable landmark for bladder location.
There are no external fixator constructs or any form of anterior internal fixa-
tion that would, alone, provide enough stability to maintain reduction of a ver-
tically unstable fracture. Therefore, when vertical instability is present, the
posterior ring must be stabilized. 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-
dard 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 through
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 S1 or S1 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. This 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 iliosacral ligaments. 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 S1 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 Readings” at the end of this chapter).
The tip of the guide pin is placed in the anterior third of the S1 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 foraminal landmarks secondary to the fracture pattern and
crushing of interposed nerves between bone fragments while the screws are
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being tightened. When anatomic reduction of the sacral fracture is not achieved
by closed methods, a combination of posterior open reduction and percuta-
neous screw placement is used. The patient is positioned prone and the sacrum
is exposed through a posterior longitudinal incision. The fracture is reduced and
nerves are decompressed. With the help of fluoroscopy, percutaneous iliosacral
screws are placed. Even with a direct approach to the sacrum or sacroiliac joint
posteriorly, exposure of the outer posterior ilium is not required to place per-
cutaneous screws. This will help prevent posterior wound breakdown.

Complications

Complications include posttraumatic arthritis of the sacroiliac joint; symptom-
atic malunion, resulting in leg-length discrepancy; malrotation; and neurologic
symptoms due to inflammation and entrapment of lumbar and sacral nerve
roots. Arthritis of the sacroiliac joint is managed conservatively initially and
with arthrodesis if necessary. Symptomatic malunion is managed with a shoe
lift and gait modification. Occasionally, a correctional osteotomy is indicated.
Neuritis is managed with nonsteroidal anti-inflammatory drugs, neurolep-
tics, and occasionally nerve decompression.

ACETABULAR FRACTURES
Classification

The anatomic classification of acetabular fractures was published by Judet
et al. in 1964 and refined by Letournel in 1981. Acetabular fractures are clas-
sified into five simple and five associated fractures.

Simple Fractures

Posterior-wall fractures represent posterior dislocations of the femoral head.
They involve different amounts of the posterior rim of the acetabulum. Sciatic
nerve injury and marginal impaction of the remaining intact posterior wall
are common (Fig. 16-7A). A frequent mistake is classifying a large fracture
of the posterior wall as a fracture of the posterior column.

Posterior-column fractures by definition require disruption of the ilioischial
line on the anteroposterior pelvic view. They include the ischial portion of the
bone and often involve a disruption of the obturator foramen (Fig. 16-7B).

Anterior-wall fractures are rare. They involve different portions of the an-
terior rim or half of the acetabulum. The fracture does not involve the inferior
pubic ramus (Fig. 16-8A).

A

FIG. 16-7 A. Posterior-wall fracture. B. Posterior-column fracture.
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FIG. 16-8 A. Anterior-wall fracture. B. Anterior-column fracture.

Anterior-column fractures are characterized by disruption 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).

Transverse 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 B).

Associated Fractures

Fractures of both the posterior column and posterior wall represent a dis-
location of the hip with an associated posterior-column fracture. There is a
break in the obturator foramen (Fig. 16-10).

T-shaped fractures are transverse with an associated vertical fracture into
the obturator foramen and out through the inferior ramus (Fig. 16-11).

Fractures of the anterior wall or column with posterior hemitransverse,
as the name implies, combines an anterior-wall or anterior-column fracture
with the posterior half of a transverse fracture (Fig. 16-12).

Both-column fractures are diagnosed more often than they occur. A true
both-column fracture has no articular surface attached to the intact portion
of the ilium, which remains attached to the sacrum (Fig. 16-13).

Transverse with posterior-wall fractures usually do not involve a break
in the obturator foramen (Fig. 16-14).

FIG. 16-9 Aand B. Drawing and radiograph of transverse acetabular fracture.
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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 with posterior-walll fracture.

Diagnosis and Initial Management
History and Physical Examination

There is always a history of significant injury. The patient has pain localized
to the hip. The leg may be rotated and shortened. Motion of the hip elicits se-
vere pain. A partial or complete sciatic nerve injury may exist.

Radiographic Examination

Radiographic evaluation is important for preoperative planning. Virtually all
fractures can be classified with an anteroposterior pelvic film and two oblique
views. Although both column outlines can be seen on the anteroposterior view
(Fig. 16-15A), the two oblique, or Judet, views at 45 degrees best display the in-
dividual columns. The iliac oblique view is taken with the fractured side tilted
down or away from the x-ray tube. This view profiles the ilium and best dis-
plays the posterior column of the affected side (Fig. 16-15B). The obturator
oblique view, taken with the fractured side tilted up toward the tube, best dis-
plays the outline of the anterior column (Fig. 16-15C). CT provides additional
information not easily found on plain films, including undisplaced fragments of
the ilium or impacted segmental fragments of the acetabulum. The shortcom-
ings of axial CT include the inability to determine dome step-off and difficulty
in classification without comparison to plain films. Three-dimensional CT
scans are accurate representations of the fracture but usually provide little ad-
ditional information.

Anteroposterior lliac-oblique Obturator-oblique

FIG. 16-15 A. Anteroposterior view of the hemipelvis. B. lliac oblique pro-
jection. C. Obturator oblique projection.
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Initial Management

Like 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 Ib of skeletal
traction 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. If necessary, skeletal traction is applied while the reduction is held
manually. Open reduction is necessary for the rare irreducible dislocation.

Associated 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 complicates the preoperative planning. Genitourinary 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.

Definitive 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.

Surgical 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 ilioinguinal 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. 16-16 A and B. Posterior wall fracture-dislocation of the hip treated by
open reduction and internal fixation. (Courtesy of Robert F. Hall, Jr., M.D.)

pelvic brim and down to the pubic symphysis is possible. This exposure is
demanding but extremely valuable for certain fractures. Fractures routinely
exposed through this approach include anterior-wall and anterior-column frac-
tures. As in the case of the Kocher-Langenbeck approach, other fractures can
be stabilized through this approach including transverse, anterior column with
posterior hemitransverse, and occasionally both-column fractures. When the
ilioinguinal approach is used for a transverse or associated fracture, the pos-
terior fracture must either not require fixation or be secured with an image-
guided posterior-column lag screw.

The two extensile approaches are the triradiate and the extended iliofemoral.
The advantage of these approaches is that they expose both columns as well as
the articular surface. The disadvantage is the increased soft tissue dissection
and resultant propensity for heterotopic bone formation.

The triradiate approach combines the posterior Kocher—Langenbeck ap-
proach with an anterior limb designed to expose the inferior half of the ilium
and the proximal half of the anterior column.

The extended iliofemoral approach, like the triradiate approach, provides
exposure of the two columns but also affords greater exposure of the proximal
half of the ilium.

The indication for an extensile approach is a fracture that cannot be satis-
factorily reduced and stabilized via a limited approach. The more recently
described Stoppa approach (midline abdominal) can be used to obtain in-
creased direct exposure of the quadrilateral surface of the acetabulum.

A CT scan has been recommended to assess the adequacy of the fracture re-
duction, as plain radiographs are felt to be inadequate for the assessment of
anything beyond the general contour of the acetabulum and posterior wall. A
delay of more than 12 h between the injury and reduction of the dislocation,
severe intraarticular comminution with involvement of the weight-bearing
dome, and a residual fracture gap are some of the factors predictive of an un-
satisfactory clinical result, as seen in about 30% of patients with this injury.

Complications

Complications of acetabular fractures are similar to those of hip dislocation
and are covered under “Dislocations 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
method of determining whether the femoral head and acetabulum are fractured
is CT. Fractures about the knee are ruled out by a focused examination and
radiographs.

Diagnosis and Initial 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, and knee are examined to rule out fracture. After reduction,
new films are obtained to assess whether the reduction is concentric. In equiv-
ocal cases, a CT 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 performed.
Interposition of the capsule and external rotators in the acetabulum may pre-
vent closed reduction, necessitating open reduction.

Definitive Management

Definitive management is skeletal traction until a CT 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.

Complications

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., O 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. Avascular 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. Pankovich ~ 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 Anatomy

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 cm 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
forms 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
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FIG. 17-1 The osseous proximal femur. (1) Greater trochanter. (2) Inter-
trochanteric line. (3) Intertrochanteric crest. (4) Lesser trochanter. (5) Femoral
neck and calcar femorale. (6) Fovea capitis.

forces, which pass through it from the pelvis to the femoral shaft. A thin sub-
chondral plate covers the cancellous bone of the femoral head, and its sur-
face is covered with the hyaline articular cartilage. No blood vessels pene-
trate the subchondral plate, and the articular cartilage receives its nutrition
from the joint fluid.

Anatomic sections and radiographs of the proximal femur show a trabecu-
lar pattern that follows the mechanical principles and corresponds to the math-
ematical analytic predictions made by Koch (Fig. 17-3).

Medial compressive and lateral tensile trabeculae exist and essentially cross
each other perpendicularly (Fig. 17-4). Thinning of these trabeculae and a
decline in their number reflect the degree of osteoporosis in the femoral head
and neck.

Garden concluded that pinning along the compressive and tensile trabecu-
lae would create a stable fixation configuration. His fixation system did not
prove his theoretical conclusions in osteoporotic bone, although no system has
worked well in bone so affected. Singh had advanced an index of osteoporosis

FIG. 17-2 The vascular supply of the proximal femur. (1) Artery of the liga-
mentum teres from obturator artery. (2) Ascending cervical arteries, which be-
come retinacular vessels. (3) Arterial ring (posterior view). (4) Femoral nutrient
vessels. (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 the changes and decrease in number of trabeculae in the femoral head
and neck, but actual staging on the contralateral side is often difficult when the
quality of the x-ray images is not adequate.

Central Axis and Alignment Index

The angle formed by the central axes of the femoral neck and shaft, an antero-
posterior central index, usually greater in children, is about 125 to 140 degrees
in an anteroposterior plane, and the neck is anteriorly oriented (anteverted)
about 10 to 15 degrees in the lateral plane (Fig. 17-5). The alignment index
(Garden) is not always easily determined (and its lines drawn) because of the
fan-shaped distribution of the trabeculae.

LOW-ENERGY FRACTURES OF THE FEMORAL NECK
Etiology

Hip fractures occur more often in women than in men. Although it has been
established that osteoporosis develops earlier in white women than in men or
individuals of other races and that it might predispose to hip fractures, osteo-
porosis alone does not cause a fracture. Yet low bone density is often present in
those elderly women who sustain these fractures. Clearly, a fall to the hip in the
vicinity of the greater trochanter produces a force strong enough to cause a frac-
ture. External rotation of the extremity during the fall causes compression of

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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FIG. 17-5 (1) Central axis, (2) alignment index.

the posterior surface of the femoral neck on the lip of the acetabulum, causing
a fracture, often comminuted. Other contributing factors have been implicated,
such as inactivity with loss of muscle mass, muscle weakness, and loss of body
fat; whereas normally, muscle and body fat absorb some of the applied energy
and thus decrease the impact on bone. Conditions that can decrease bone den-
sity, such as improper diet and alcohol intake, and those that might cause weak-
ness, dizziness, and malaise—such as dehydration, a syncopal episode, or a
chronic disease—would predispose a person to a fall. These fractures occur
mostly at home as the patient is standing or walking. A frequently posed ques-
tion as to which came first, a fracture of the femoral neck that led to a fall or a
fall that led to a fracture, has not been clearly answered, although a fracture pre-
ceding a fall, an indirect mechanism, would probably be a rare event. However,
some authors believe that the incidence of such indirect fractures is higher
than suspected, since the cyclic stressing of the osteoporotic femoral neck can
cause a stress fracture that then leads to a complete indirect fracture and re-
sults in a fall. In such cases patients report pain and discomfort in the hip area
prior to a fall.

Classification

In determining fracture type, three criteria should be applied:

1. Location of the fracture. This is usually described as subcapital, transcer-
vical, or basicervical (Fig. 17-6).

2. Inclination of the fracture line to the horizontal plane—the Pauwels’ clas-
sification system. It defines stability of the fracture as follows: type I is

FIG. 17-6 Fracture zones: (a) subcapital, (b) transcervical, (c) basicervical.



268 HANDBOOK OF FRACTURES

50°

Typel Type II Type IIT

FIG. 17-7 Pauwels’ classification system.

inclined about 30 degrees, type II is inclined about 50 degrees, and type
IIT is inclined about 70 degrees. The 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 compression trabeculae, thus compressing the
fracture fragments and producing stability at the fracture site. When the an-
gle of inclination is about 70 degrees, somewhat in the direction of the ten-
sile trabeculae, shearing forces acting on the fragments lead to instability
at the fracture site.

3. Relation of the fracture fragments—Garden classification system: type I
is incomplete and impacted; type II is complete and undisplaced; type III is
complete and partially displaced but with an intact posterior retinacular lig-
ament; and type IV is completely displaced with disruption of all retinac-
ular vessels (Fig. 17-8).

The relation of the fragments and their contact is important for stability at
the fracture site, since impacted fractures, often in various degrees of valgus,
promote compression and stability. Completely displaced fractures, on the
other hand, often have comminution of the posterior neck, creating an unsta-
ble fracture even after internal fixation; they have a potential for nonunion and

Impacti{ Complete fracture
; ; Type I ; ; Type 1
Partial contact Overlapping fragments

; i Type I ; ; Type IV

FIG. 17-8 Garden’s classification system.
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FIG. 17-9 A. Garden type | or AO-OTA type B1. B. Garden type Ill. C. Gar-
den type IV.

loss of blood supply to the head. This last sets the stage for the development 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 valgus fracture has been classified by the Association
for Osteosynthesis—Orthopaedic Trauma Association (AO-OTA) as type B1
(Fig. 17-9A).

The completely displaced fracture with head in varus position has been clas-
sified by AO-OTA as type B3 (Fig. 17-10A).

The completely displaced fracture in the transcervical region with a ver-
tical (steep) fracture line has been classified by AO-OTA as type B2 (Fig.
17-10B).

FIG. 17-10 A. AO-OTA varus-vertical type B3. B. Varus-adduction type B2.
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DIAGNOSIS AND INITIAL MANAGEMENT
History and Physical Examination

There is usually a history of a fall. The main complaint is of groin pain, par-
ticularly when the extremity is moved. Shortening in external rotation of the
involved extremity might be present, though not always pronounced. Palpa-
tion below the inguinum elicits pain. Examination of the circulatory and neuro-
logic status is mandatory, as cardiovascular syncopy or initial stroke could
have caused the fall. Other cardiovascular, pulmonary, and genitourinary
problems are evaluated.

Radiographic Examination

An anteroposterior radiograph of the pelvis and anteroposterior and lateral
radiographs of the hip are obtained.

Initial Management

The medical situation is evaluated and appropriate laboratory tests obtained.
These usually include an electrocardiogram, chest radiograph, complete blood
count, chemistries, and urinalysis. If a fracture was detected on the radiographs,
Buck’s traction is applied with a pillow under the knee for displaced fractures,
or positional sand bags can be used. Protection of the sacral area and the heels,
common sites of decubiti, is required. Patients with undisplaced fractures
should be turned carefully. The patient’s medical condition should be as opti-
mal as possible for surgery; confounding medical problems can take 24 to 48 h
to be stabilized. This is the responsibility of the medical consultant.

If there is concern that an occult fracture of the femoral neck might exist
in spite of negative radiographs, further testing is mandatory. This usually
means that the patient has groin pain and some pain on motion of the hip. An
immediate magnetic resonance imaging (MRI) or computed tomography (CT)
scan of the hip will most likely detect a fracture (Fig. 17-11A and B). Bone

A

FIG. 17-11 Imaging of the suspected fracture. A. Bone scan. B. CT scan.
C. MRI of the same hip.
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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 bearing surface was introduced by Bateman in Canada and to-
tal hip replacement by Charnley in England.

TREATMENT OF LOW-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
Surgical Technique

Percutaneously or through a small incision, two to four pins are introduced lat-
erally at the base of the trochanter and, under the control of an image intensi-
fier, inserted through the femoral neck into the femoral head (Fig. 17-12).

Anatomic Reduction

In a large series of hip pinnings of displaced fractures, it was shown that
anatomic reduction of the fracture along with a type of fixation that provides
stability at the fracture 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 occurs at the fracture site. The densest bone in the femoral
head is subchondral, and screws should penetrate to within 5 mm of the sub-
chondral plate. A displaced fracture of the femoral neck can be reduced with
traction and slight external rotation using a fracture table and an image inten-
sifier, then internally rotating the limb to bring the femoral neck into alignment
with the femoral head. Occasionally, a medially directed force at the greater
trochanter will be beneficial in impacting the femoral head in slight valgus. An
acceptable reduction finds the femoral head in no more than 20 degrees of val-
gus (or an AP central axis of 150 degrees). An anterior angulation of more
than 20 degrees should also not be accepted. Excessive valgus often leads to
avascular necrosis, and excessive apex anterior angulation often leads to
nonunion. If a satisfactory reduction cannot be obtained, open reduction
through a Watson-Jones approach or hemiarthroplasty should be carried out.

Complications

Avascular necrosis of the femoral head is a common complication, although
it is not caused by pinning. Garden and others have observed that excessive
valgus in impacted fractures is often associated with and presumably a cause
of avascular necrosis. Proximity of the retinacular 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 makes them vulnerable, and they can be severed by fracture frag-
ments. Yet even in completely displaced fractures (Garden type IV), at least
some retinacular vessels, though compressed and under tension, might retain
their patency and restore the blood supply following reduction of the fracture
and pinning.

Penetration of pins into the hip joint or cutting out of the head is often seen
after pinning of displaced neck fractures, particularly when bone is osteo-
porotic. Likewise, nonunion may develop. Hemiarthroplasty and total hip re-
placement are ways of treating these complications.

HEMIARTHROPLASTY AND TOTAL HIP REPLACEMENT
Implants

A unipolar implant is a single-piece unit or a modular system that allows for
the components (head, 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 prosthesis has an interposing cup with an inner plas-
tic (polyethylene) bearing and gliding surface; it is snapped onto a metallic
head. Its outer metallic surface fits the acetabulum (Fig. 17-13).

Technique

Through a posterior or anterolateral incision, the hip capsule is exposed and
opened. The femoral head is extirpated, the femoral neck appropriately
trimmed, and the medullary canal reamed for the stem of the prosthesis. The
size of the components is determined and they are inserted (cemented or not).

Complications

This procedure 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 exposure is larger, the procedure lasts longer,
the blood loss is greater, and bone cement, a toxic material, is used. Peri-
operative complications are more numerous and include blood replacement,

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 ossificans; 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 IT) and displaced fractures
(Garden types III 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 due 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.

Complications

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 under imaging control. Although used mostly electively
in patients with hip arthritis, MIS procedures are even more suitable for small-
framed, frail patients with femoral neck fractures. The procedures are felt to be
less traumatic to the soft tissues and perioperative medical complications are
fewer, so early discharge of the patient is possible.

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 useful in dentistry and in the treatment of fractures of the dis-
tal radius. Further research will hopefully produce better material and surgical
techniques, as reinforcement of osteoporotic and comminuted femoral head
and neck fractures seems a logical use.

HIGH-ENERGY FRACTURES OF THE FEMORAL NECK

Typically, the patient is a younger individual involved in a high-energy
trauma. Accompanying multisystem injuries are common.

Classification

Five types have been recognized: type I, undisplaced neck fractures; type II,
simple displaced neck fractures; type III, comminuted displaced neck frac-
tures; type IV, fractures with associated 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.

Diagnosis and Initial 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 indicated and, if necessary, MRI and CT studies, since early diag-
nosis of an undisplaced fracture is important to prevent subsequent displace-
ment, particularly during antegrade nailing of a femoral shaft fracture. Skeletal
traction preoperatively must take into account that discontinuity of the femur
prevents traction at the fracture site in the neck.

Definitive Management

Salvage of the femoral head is the primary consideration. Type I (undisplaced)
fractures are stabilized with percutaneous cannulated screws. Type II (simple
displaced) fractures are reduced closed. If there is any doubt as to the adequacy
of reduction, open reduction through a Watson-Jones approach is indicated.
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FIG. 17-14 Classification of high-energy fractures of the femoral neck.
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Percutaneous cannulated screws or a compression screw-plate are used for fix-
ation. Type III (comminuted) fractures are exposed through 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. If 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 torn. 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 through reconstruction holes if present. If
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.

Complications

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
IIT and IV fractures are type I or type II injuries associated with fracture of
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Type IV

FIG. 17-15 Pipkin classification of fracture types of the femoral head.

the femoral neck or the acetabular rim, respectively (Fig. 17-15). Associated
injuries to the knee and sciatic nerve or other systems are common.

Diagnosis

The physical findings are those of posterior dislocation of the hip. The hip is
flexed and adducted and the extremity shortened. Rarely, the hip will be dis-
located anteriorly with a fracture of the superior portion of the femoral head.

Radiographic Examination

Anterior and lateral radiographs of the hip indicate a dislocation with a re-
tained fragment of the femoral head in the acetabulum. Computed tomography
confirms the exact diagnosis.

Management

Initial management is reduction of the dislocation. Type I, II, and IV frac-
tures are reduced closed. Type III fractures are reduced under anesthesia and
an attempt is made to monitor the progress of the reduction fluoroscopically.
Closed reduction should be terminated and open reduction performed if the fem-
oral neck fracture starts to displace. Even if the dislocation can be reduced
without displacing the fracture, immediate internal fixation of the femoral
neck should be undertaken.

Definitive management is surgical. Type I fractures can be treated arthro-
scopically by removal of the loose fragment, as it is usually small and from a
non-weight-bearing portion of the femoral head. Open excision of the frag-
ment is another option. A number of different situations may exist. If there has
been a failure of closed reduction and the hip dislocation is posterior, it should
be reduced through a posterior surgical approach. CT is helpful in identifying
the presence and location of intraarticular fragments as well as femoral neck
or acetabular fractures associated with type III and IV injuries. Since reduction
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and internal fixation of fractures of the femoral head and neck through a pos-
terior approach is problematic, it is sometimes useful to place the patient on a
fracture table in the lateral position and apply skeletal traction through the dis-
tal femur so that an anterior approach can be undertaken simultaneously. An-
other alternative would be a delayed anterior approach with the patient supine,
using a femoral distractor. If a small femoral head fragment is going to be
excised following closed reduction, a preoperative CT scan is helpful in de-
termining the approach. Anterior and inferior fragments should be approached
anteriorly or preferably arthroscopically.

Type II fractures are managed by combined arthroscopic fragment reposi-
tioning and screw fixation under fluoroscopic control. An open anterior ex-
posure of the hip joint allows a fracture fragment to be repositioned and fixed
with cancellous lag screws inserted from the superior aspect of the neck. Re-
duction and fixation are indicated for persistent fracture displacement greater
than 1 mm.

Type III fractures are reduced under anesthesia with fluoroscopic control
and immediately fixed. Open reduction with internal fixation of the femoral
neck fracture (and, if possible, the femoral head fracture) is safer as the risk
of displacing the femoral neck fracture is reduced.

Type IV fractures 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 fracture-dislocation is presented
(Fig. 17-16).

Complications

Long-term complications include posttraumatic arthrosis and avascular necro-
sis. Heterotopic ossification may be treated prophylactically with indo-
methacin three times a day.

FIG. 17-16 A complex fracture-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 II 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 IV fractures and anterior fracture-dislocations have the
poorest prognosis, with a high incidence of complications requiring hip
arthroplasty.
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18 Extracapsular Fractures
of the Proximal Femur
Enes M. Kanlic ~ Miguel A. Pirela-Cruz

This chapter covers the fractures of the trochanteric area of the proximal seg-
ment of the femur, often referred to as 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 cm 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 injury or at a surgical intervention.

CLASSIFICATION

It is common to discuss fractures located in the proximal 5 cm 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 center 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. 18-1 Trochanteric and subtrochanteric areas of the proximal segment
of the femur.

Some clarification of the terminology used by the Association for Os-
teosynthesis—Orthopaedic Trauma Association (AO-OTA) in this classifica-
tion is needed. The word pertrochanteric is commonly used in the German
literature. It originates from the Latin word per, which means “through.” It
could be confusing if the term were mistakenly understood to mean peri-
trochanteric, as that would place the fracture in a location peripheral to the
trochanteric area. The term pertrochanteric fracture as used by AO-OTA des-
ignates fractures that do not cross the lateral cortex of the trochanteric area but
extend only from the femoral tubercle to the lesser trochanter. On the other
hand, intertrochanteric fractures involve the lateral cortex and extend to the
medial cortex. The designations per- and intertrochanteric fracture indicate
the precise locations of the three fracture types.

Terminology in the English literature most often designates all fractures of
the trochanteric area as intertrochanteric fractures.

The classification created by Evans (1949) is well known and recognized as
practical. This classification 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 fractures.

It is important to recognize the degree of stability of a fracture from its
anatomic configuration and consequent biomechanical behavior. These factors
are then applied to deciding on the type of fixation device that would provide
the optimal degree of fixation.

Trochanteric Fractures

Stable fracture configurations (Evans types A and B) are those with the pos-
teromedial cortex intact or minimally comminuted; the postreduction configu-
ration in these two types is mechanically stable and allows for use of a variety
of fixation devices. Unstable fracture configurations (Evans types C and D)
have extensive posteromedial comminution, bone-to-bone contact cannot be
achieved fully, and the fracture site is mechanically unstable. In type C frac-
tures, the lateral cortex is mostly intact, and although the postreduction con-
figuration is unstable mechanically, many surgeons still use extramedullary
fixation devices. In type D fractures, the lateral cortex is clearly violated, the in-
stability is bicortical and therefore more difficult to control, and intramedullary
devices are most effective.
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FIG. 18-2 Evans classification of trochanteric fractures.

In fractures with reverse obliquity (Evans type E), the main fracture line is
essentially parallel to the femoral neck axis and traverses the lateral cortex.
Thse fractures are unstable even when comminution is absent because there
is a tendency for medial displacement of the distal fragment. These fractures
appear to be a transitional type to the subtrochanteric fractures.

Subtrochanteric fractures comprise a category of their own, although
anatomically the subtrochanteric area is considered a proximal end of the
femoral diaphysis. These fractures are unstable because of a relatively small
fracture contact area and from the significant forces exerted over the short off-
set proximal segment (head, neck, and trochanteric areas) on the narrow dis-
tal diaphyseal segment. All fracture configurations are unstable, as they are ex-
posed to the same loads, and all are suitable for the same fixation methods,
mainly with intramedullary devices.

Subtrochanteric fractures are subdivided, like other shaft fractures, into sim-
ple, wedge, and complex fracture configurations (Fig. 18-3).

PATHOPHYSIOLOGY

Muscle pull on the fracture fragments of the proximal femur causes typical de-
formities. The degree of deformity varies and depends on the degree of injury.
The gluteus medius and minimus muscles, which 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 of the linea aspera); it extends and externally rotates the distal frag-
ment. The iliopsoas muscle pulls the lesser trochanter and flexes and exter-
nally rotates the proximal fragment if the fracture line is below the lesser
trochanter; if the fracture line is above the lesser trochanter, the pulls of the
iliopsoas and of the gluteus maximus tend to be in balance. Sometimes
the lesser trochanter is avulsed 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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FIG. 18-3 Subtrochanteric fractures.

Koch (1917) showed that compression stress exceeds 1200 1b/in. in the
medial subtrochanteric area and that lateral stresses are 20% less. Those forces
must be resisted by an “implant-broken bone” construct in order to achieve
healing in the position obtained at surgery.

Osteoporosis is common in the elderly population, particularly in caucasian
women. The diminished structural strength of the proximal segment of the
femur makes it susceptible to fracture, even by low-energy trauma, like a sim-
ple fall at the ground level.

ASSOCIATED INJURIES

The most frequently associated injuries in the elderly are due to the patient’s
osteoporosis in other areas of the body. They are sustained at the same time

ILIOPSOAS
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FEMORAL SHAFT ADDUCTORS

FIG. 18-4 Pull of 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
History 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 externally 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 Examination

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 tem-
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-
mized by a medical consultant with the goal of early surgery, preferably within
48 h of the injury.

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
immediately and then as often as tolerated; 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 immediate postinjury pain has been con-
trolled, patients should be allowed periods out of traction and out of bed, mostly
in a reclining chair. As with other recumbent, usually older patients, they should
be regularly rolled from side to side while in bed. Respiratory toilet and an-
tithrombotic measures should be instituted immediately after the injury.

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 healing 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.

Surgical 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-arm control.
Usual maneuvers are external rotation, traction, and internal rotation followed
by abduction. 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 cm of the sub-
chondral bone, as seen on the anteroposterior and lateral views (center-



18 EXTRACAPSULAR FRACTURES OF THE PROXIMAL FEMUR 287

center), in order to prevent a cut-out; the cancellous bone is denser in that
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 only for a lag screw shorter than 80 mm to
provide enough space for sliding.

4. Traction should be released intraoperatively (before side-plate fixation
with screws) to allow for impaction and assess the amount of shortening
that would occur.

Indications. These devices are used to fix trochanteric fractures with stable
configurations (Fig. 18-5; left hip) and for some unstable fracture configura-
tions with an intact lateral cortex.

Complications. If the device is applied in a fracture with a broken lateral
cortex, through or close to the fracture site, and in fractures with reverse oblig-
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, often in form of an arthroplasty.

With 95-degree fixed-angle devices, a blade plate or more commonly a
dynamic condylar screw (DCS) is used in unstable trochanteric and sub-
trochanteric fractures or in situations where it is impossible to use an intra-
medullary device (Fig. 18-7). A period of toe-touch weight bearing is necessary
in order to allow the fracture to heal in the fixed position. Only younger patients
can withstand the long surgical procedure required, with a longer incision,
more extensive soft tissue dissection, and greater loss of blood. They would
also be able to protect the fixed fracture sites by long periods without weight
bearing. Significant expertise is necessary to obtain good reduction, place the
blade or a lag screw in the inferior part of the head (at a 95-degree angle), and
attach it correctly to the shaft, thus bridging the fracture site. More recently, the
procedure has become less extensive by use of a minimally invasive surgical

FIG. 18-5 Two fixation devices used in trochanteric fractures. A. A short
IMHS device. B. A DHS device.
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FIG. 18-6 Fracture with a reverse obliquity that caused uncontrolled col-
lapse and cutout of the lag screw, resulting in nonunion.

(MIS) technique. Obviously, this surgical refinement had placed greater tech-
nical demands on the operating surgeon.

Intramedullary Devices

These devices consist of a short (15 to 21 cm) or long intramedullary nail, with
a wide body (around 17 mm) proximally angled at 4 to 5 degrees of valgus.
The distal part is narrower (11 to 13 mm), and has a dynamic slot or one to two
holes for the locking screws. The lag screw is introduced through the wide
proximal body and has a sliding capability. Rotation is prevented through a
blocker positioned above the screw. The lag screw’s threads must be in the
center of the femoral head, as shown in Fig. 18-5 (the right hip).

The upper part of the nail is a mechanical barrier and prevents uncontrollable
lateral sliding of the head-neck fragment or medial sliding of the shaft in frac-

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 AP radiograph. B. 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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tures with a break in the lateral cortex. In fixing unstable fractures with in-
tramedullary devices as opposed to extramedullary devices, load shearing and
positioning close to the weight-bearing axis of the femur is biomechanically ad-
vantageous. Intramedullary devices are applied by a minimally invasive per-
cutaneous technique (bridging osteosynthesis), the nail being introduced by
hand. A smaller screw is inserted through the distal locking slot or hole, which
is positioned at a distance from the tip of the nail in order to prevent the devel-
opment of a stress fracture.

Implants. The intramedullary hip screw (IMHS), or cephalomedullary
nail, uses the femoral tubercle at the greater trochanter as the entry portal. Frac-
tures of the greater trochanter and the piriformis fossa do not affect the nail’s
ability to maintain a good apposition between the main proximal and distal
fragments. A centrally positioned lag screw cores out bone 1 cm in diameter.
Two screws in the proximal part of the cephalomedullary nail provide some-
what better rotational control and cause less damage to the cancellous bone in
the head-neck area, particularly when this is osteoporotic (Fig. 18-8). The dis-
advantage of using two smaller lag screws is that it is harder to introduce them,
and if the angle of insertion is not perfect, penetration outside of the femoral
head can occur.

Indications. If the fracture line does not extend more than 1 to 2 cm distal to
the lesser trochanter, a short nail will provide adequate and safe fixation. If
there is doubt in the case of stable fractures and all unstable fractures, a long
nail reaching the distal femoral metaphysis is the implant of choice.

Many surgeons routinely use a long intramedullary nail in all unstable frac-
tures, regardless of the distal extension of the fracture. Some surgeons do not
even lock the nail distally, considering fixation achieved by nail passage
through the reamed femoral isthmus.

Complications in the use of intramedullary nailing devices have included
periprosthetic fracture when shorter nails of older type were used. In some
cases there was a more distal extension of the fracture than initially recognized,
which was later displaced at surgery. Forceful hammering of the nail has been

FIG. 18-8 A. A high-energy subtrochanteric fracture with a proximal exten-
sion; the sharp edge of the distal fragment had injured the profunda femoris
artery, with consequent compartment syndrome. The radiograph shows coils
used to 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 10-degree valgus in older-type
nails, which tended to transfer the load to the tip of the nail by leaning to the lat-
eral cortex. With regard to long nails, cases have been described where the tip
of the straight nail penetrated the anterior cortex 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 nail (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 and 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 of 95-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 configuration and 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 follows:

1. IMHS with a short nail if the fracture does not extend more than 1 to 2 cm
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:

1. Along IMHS
2. A 95-degree fixed-angle device
3. A dynamic condylar screw, blade plate, or proximal femoral locking plate

For patients with extreme osteoporosis, low healing potential, or sig-
nificant comminution, one of the following:

1. Cemented (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-
sis in an 84-year-old homebound woman. B. A cemented bipolar hemiarthro-
plasty allowed immediate weight bearing and produced a good functional
result.

COMPLICATIONS

Loss of proximal fixation after cutting out of the lag screw of any device is
the most common complication (4 to 20%). The most common 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 is necessary; for older patients conversion to arthroplasty is usually
done.

Peri-implant fractures distal to the tip of a short IMHS device (gamma nail)
were often reported in the past. When a fracture occurs, the short nail must
be replaced by a long one that reaches the distal metaphyseal area. Recently,
a proximal 10-degree valgus angulation of the nail was replaced by a 4-degree
angulation, a dynamic slot was positioned further proximally for insertion of a
single smaller screw for distal locking, and a technique for insertion of the nail
without hammering was introduced. As a result, these devices have become
safer for general use.

Nonunion. The incidence of nonunion has been reported at less than 2% for
trochanteric fractures and up to 20% for subtrochanteric fractures. Nonunion
in a younger patient is treated by repeated fixation, which includes exchange
nailing and bone grafting, or in an older patient by arthroplasty.

Infection. The incidence of infection has been reported at 0.15 to 15%. It is
more common after open reduction and internal fixation than after percuta-
neous procedures. Implants that provide stability are left in place, after the
area is debrided locally and deep cultures are obtained, until the fracture has
healed. Antibiotics, based on the sensitivities of the pathogenic organisms, are
administered as long as necessary to control local spread of infection and sep-
sis. Once the fracture has healed, the implants are removed,; the area is debrided
of avascular, often infected soft tissues and necrotic bone; and appropriate an-
tibiotics are administered for at least 6 weeks. Local recurrences of infection,
even years later, sometimes occur and require further surgical 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. Pankovich  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 (quadriceps) 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 (hamstring) compartment 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 lateralis. (2) Vastus intermedius. (3) Rectus femoris.
(4) Vastus medialis. (5) Sartorius. (6) Adductor longus. (7) Gracilis. (8) Adduc-
tor magnus. (9) Semimembranosus. (10) Semitendinosus. (11) Biceps femoris.

CLASSIFICATION

Fractures of the femoral diaphysis are classified according to location and
stability. The location is defined as being in the proximal, middle, or distal
third. Fractures of the proximal third are subtrochanteric fractures, while those
of the distal third merge with supracondylar fractures.

In classifying fractures of the femoral diaphysis, the concept of fracture
stability was used in determining treatment options. Stability was defined in
terms of the percentage of the circumference of the cortex that is intact and the
obliquity of the fracture line as indicators of fracture stability following in-
tramedullary nailing. Fractures with at least 50% of the cortex intact and hav-
ing an obliquity of less than 30 degrees are relatively stable in regard to length
and rotation. The Winquist and Hanson and the Association for Osteosynthe-
sis—Orthopaedic Trauma Association (AO-OTA) classifications are the two
most commonly used schemes.

In a modified Winquist-Hanson system, five types are recognized (Fig. 19-2):

Type A fractures are simple transverse or short oblique fractures with no com-
minution.

Type B fractures may have some comminution, but they still have intact cor-
tical contact between the proximal and distal fragments of at least 50%. A

I
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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.

Type D 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
History and Physical 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 Ib of skin traction is applied with the thigh resting on a pillow.
When surgery is expected to be delayed, 10 to 20 1b 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 nailing, the fracture is ideally aligned and distracted
0.5 cm. 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 Injuries

Neurovascular 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 fracture, hip 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.

Historical Treatment 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 modern-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. As 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 for early stabilization under 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 incurred 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 until 1940, when Kuntscher,
in Germany, 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 Germany who had frac-
tures fixed with these methods showed excellent results. This 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.

Definitive 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.

Plating

Relative indications for plating are inability (usually due to other injuries) to
place the patient on the fracture table, a grade III 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 intramedullary nailing, 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 determine 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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External Fixation

The indication for external fixation is an open fracture with contamination.
The purpose is to provide temporary fixation when conclusive fixation must be
delayed. It is a quick procedure; it stabilizes the fracture without placing a for-
eign body in a contaminated wound, and it allows access to the wound. The
disadvantages are lack of firm stability; the pins placed through the lateral
muscles of the thigh “tack” them to the femur, often resulting in loss of knee
motion; there is also a high incidence of nonunion.

At surgery, the fracture is reduced through the open wound after an adequate
debridement of the open injury is performed. A lateral frame is applied with
two to four half pins being placed proximal and distal to the fracture region. A
hybrid frame may be used, with a ring being placed in the knee region with
half pins placed lateral and proximal. The postoperative management is tailored
to the patient. Generally, toe-touch weight bearing is maintained until the frac-
ture has healed. Knee and hip motion is encouraged. After the soft tissues have
healed, bone grafting can be done in order to enhance healing. The fixator can
be removed and replaced with an intramedullary nail if there have been no
signs of infection at the fracture or the pin sites.

Intramedullary Nailing

The majority of fractures of the femoral diaphysis are managed with in-
tramedullary nailing. The advantages of this technique are fixation utilizing
closed methods, which avoids further soft tissue injury while providing sta-
ble alignment. Mechanically, an intramedullary nail allows optimal loading of
the fracture site, functioning as a load-sharing device that minimizes stress
shielding. The intramedullary position of a nail results in a low bending mo-
ment while promoting bending strength and rigidity. The result is a union rate
approaching 99%, an infection rate of less than 1% in closed fractures, and
shortening or malunion occurring in less than 2% of the cases.

Nails are inserted either through the proximal femur and driven distally [i.e.,
antegrade nailing (Fig. 19-3)] or through the distal femur and driven proxi-
mally [i.e., retrograde nailing (Fig. 19-4)]. Antegrade 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 Il soft tissue injury. B. Stabilization with a reamed antegrade statically
locked nail.
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FIG. 19-4 Stabilization with a reamed rigid retrograde nail.

retrograde nails may be rigid or flexible. Rigid nails may be used with or with-
out reaming. Flexible nails are inserted without reaming.

Type A and B fractures of the femoral diaphysis are managed with either
type of intramedullary nail, with rigid nails being statically or dynamically
locked. Type C, D, and E fractures of the femoral diaphysis are managed with
rigid statically locked nails placed antegrade or retrograde.

Flexible intramedullary nailing of the femur involves the use of Rush or
Ender nails. The indications for flexible nailing are limited and are confined to
skeletally immature individuals, those cases where the femoral canal is small
(less than 8 mm), and in the exceptional circumstance where soft tissue or con-
comitant injuries prevent the use of standard approaches for rigid nail place-
ment. Flexible nailing of the femoral diaphysis is performed with the patient
supine on the fracture table, with fluoroscopic control, and by inserting the
nails through the portals on both sides of the distal femur. Postoperatively,
knee flexion is encouraged when incisional pain allows, and full weight bear-
ing is encouraged when the fracture pattern is stable.

Rigid intramedullary nailing is done antegrade or retrograde. In both ap-
proaches, static or dynamic fixation is obtained using the same biomechical
principles; only the entry portals differ. The indications for antegrade nailing
are type A to E fractures that occur just below the lesser trochanter down to
within 7 cm of the knee joint. Relative indications for retrograde nailing in-
clude fractures of the distal third of the femoral shaft, ipsilateral femoral neck
and shaft fractures, fractures in the obese patient (ease of nail insertion), float-
ing knee, bilateral femur fractures, fractures above a total knee, acetabular or
pelvic fractures, and femoral fractures in the pregnant patient (avoiding radi-
ation to the fetus). Contraindications are systemic or local infection, open
growth plates, a narrow intramedullary canal, or a preexisting deformity of the
femur.

Antegrade nailing technique. The patient is placed on a fracture table. After
the fracture is reduced under fluoroscopic control, the hip is adducted and a
guidewire inserted through the piriformis fossa or into the trochanter, depend-
ing on the nail design, and driven across the reduced fracture. It is important
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that the guidewire be positioned appropriately for the type of nail being in-
serted. Attempting to insert a nail that is poorly aligned in the proximal canal
can lead to blowout at the fracture site in hard bone, which can resist correc-
tive centering forces at the base of the femoral neck. The femur is sequentially
reamed in 1- and then 0.5-mm increments until an adequate size of canal is ob-
tained. A nail of the appropriate size (usually 1.5 to 2 mm smaller than the
last reamer) is driven across the fracture. In type A and B fractures, the nail
can be locked dynamically: screws are placed proximally, not distally. This
construct, however, can fail to control rotation. In treating type A and B frac-
tures in the distal third of the femur, the nail is locked distally to prevent an-
gular and/or rotational deformities. In type C, D, and E fractures (Fig. 19-5),
the nail is locked statically, screws being placed proximally and distally. In
fractures with the potential for shortening, care must be taken that the femur is
pulled out to length by adequately scanning the fracture with the image in-
tensifier to obtain a comprehensive view of all components on one image be-
fore distal locking is accomplished. Distal locking is facilitated on a fracture
table and is done by the freehand technique of Dr. Robert Hall, Jr., using a ring
forceps and a radiolucent drill. Postoperatively, patients with stable fractures
are allowed to bear weight as tolerated. Patients with statically locked nails
initially may bear 50% of their weight on the injured side; as radiographic
healing progresses, weight bearing is advanced as tolerated. If radiographic
signs of healing are delayed, full weight bearing is delayed.

Retrograde nailing technique. Patient positioning for this procedure is supine
on a radiolucent table with the knee on a bolster to obtain 45 to 60 degrees of
knee flexion. Retrograde nailing is accomplished through the intercondylar
notch, utilizing a medial parapatellar approach or by splitting the patellar ten-
don. The entry point is located anterior to the attachments of the posterior cru-
ciate ligament and is in line with the long axis of the femur. A starting hole is
made and enlarged with a cannulated drill. A guidewire is passed across the
fracture site and sequential reaming is performed. The nail is inserted over the
guidewire. Proximally, it should reach the level of the lesser trochanter, and
the distal end is buried under the articular cartilage. Distal locking is done with

FIG. 19-5 Stabilization of a type C fracture resulting from a gunshot with an
antegrade statically locked nail. (Courtesy of Prahlad Pyati, M.D.)
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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 pain, 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 of transfixation 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.

Complications of Femoral Fractures

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 cm 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 first, attempting to heal the fracture or at least ensure its
stability; then the infectious process can be dealt with. If an 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. If 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 epicondyles. Medial and lateral
condyles form 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 epicondyles 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 Injuries

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 OTA/AOQ classification of distal femoral fractures.

Diagnosis and Initial Management
History and Physical Examination

Patients with a distal femoral fracture have pain and a history of a knee in-
jury. Obvious instability and deformity are present with type A (supracondy-
lar) and C (bicondylar) fractures but may not be present with fractures of a
single condyle. The skin should be inspected for lacerations, suggesting an
open fracture. Medial femoral condylar (Hoffa’s) fractures frequently present
with a posterior sag sign related to the femoral attachment of the posterior cru-
ciate ligament. Accurate physical examination of the ligaments is usually not
possible before fracture fixation. Radiographic signs of ligamentous injury are
loss of parallelism between the articular surfaces of the femoral condyles and
tibial plateaus and bony avulsion of the cruciates. After stabilization of the
fracture, a thorough examination of the ligaments of the knee should be per-
formed, with a plan for repair or reconstruction of the injured structures.
Early identification of an associated popliteal artery injury is crucial. The
cardinal finding is decreased dorsalis pedis and posterior tibial pulses. This
may be due to torsion or traction of the vessels. If aligning the fracture does
not result in the return of pulses within 5 min, it should be assumed that the
popliteal artery is injured and an emergent consultation with a vascular sur-
geon for immediate evaluation and arterial exploration is needed. Once the
location of the vascular injury is determined, surgery to stabilize the fracture and
restore circulation is performed emergently. If there has not been a signifi-
cant delay, fracture fixation with knee-spanning external fixation or occasionally
retrograde nailing provides stability prior to vascular repair. Under no cir-
cumstances, however, should revascularization of the leg be significantly de-
layed for fracture fixation. On rare occasions, swelling, an expanding
hematoma, or an intimal tear can progress to arterial thrombosis. For this rea-
son, vascular checks are performed every 2 h for the first 36 h after injury.
Management of the normal vascular examination (arteriogram vs. clinical
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checks) is controversial. Vascular Doppler studies, ankle-brachial indices
(ABIs), 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 tibial 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 femoral fracture begins 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 1b 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.

Treatment 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 surgery. 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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form of a knee-spanning external fixator. Pins should be placed in the proxi-
mal tibia and either the anterior or lateral femur. The fracture is pulled out to
anatomic length and placed into slight flexion. It is advisable to avoid placing
fixator pins laterally in the distal femur if plating is planned for eventual de-
finitive fixation, as this may result in drainage in the area of the future incison.
If the fixator is being placed prior to vascular exploration of a popliteal artery
injury, it is beneficial to place the pins in the anterior femur, as lateral pins can
interfere with externally rotating the hip to allow access to the medial approach
to the popliteal fossa. In placing a spanning fixator for a distal femur fracture, it
must be realized that it is impossible to prevent the articular segment from re-
maining in extension compared to the shaft unless a pin can be placed into this
segment, which is usually not practical. Despite this extension alignment, the
fracture can still be held at appropriate length and with sufficient stability to
allow some patient mobilization until definitive fixation.

Intramedullary Nailing

Supracondylar femoral fractures may be stabilized with an intramedullary
nail. Antegrade nailing of a supracondylar fracture is performed as described
in Chap. 19. To decrease the incidence of nail breakage through a distal lock-
ing hole, there should be at least 5 cm of intact bone proximal to the distal
screw holes; therefore this method can be used only for more proximal supra-
condylar fractures. Additionally, because the fracture is usually toward the end
of the nail, it can be difficult to control the valgus and extension deformity that
usually occurs in this fracture.

Fracture stabilization with a retrograde nail inserted through the inter-
condylar notch is a more commonly used technique (Fig. 20-2). It is easier to
control the distal fragment because it is closer to the entry portal for the nail.
Negatives of this approach include the intraarticular entry portal. It is unknown
whether this portal will have long-term deleterious effects on the knee. Addi-
tionally, injury to the origin of the posterior cruciate ligament can occur if care
is not taken during creation of the entry portal. Retrograde nails for the distal fe-
mur initially were developed as short nails. The use of these, however, was
complicated by a high incidence of deformity at the fracture site and fracture of

FIG. 20-2 A. Preoperative lateral radiograph of 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. Virkus, M.D.)
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the nail. Currently, short retrograde nailing of distal femoral fractures should be
limited to patients with an ipsilateral total hip arthroplasty.

Open Reduction and Internal Fixation

Open reduction and internal 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-
troduction of locking plates has 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 and indications for this important 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 forms a fixed angle (not unlike a blade
plate) at each screw-plate interface. 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 and functional rehabilitation.

Definitive 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 fracture can be in varus or valgus, 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 fracture site often results in these cases, but this
can be accepted if sagittal and coronal alignment is adequate.

Locked plating with a submuscular or standard open approach is also an ac-
ceptable technique for these fractures. This technique requires only a small in-
cision laterally with stab holes in the skin to accommodate the locking screws
proximally. Reduction is obtained by indirect means, usually by manipulating
the leg over a bolster to reduce the distal segment out of extension and applying
varus or valgus force to the knee to obtain the correct coronal alignment. This
technique is particularly appropriate in elderly patients with poor-quality bone,
thus minimizing the possibility of devascularization of the fracture fragment.

Supracondylar fractures proximal to total knee arthroplasty are increasingly
common. As with other supracondylar fractures, they can be treated with either
retrograde nailing or plate fixation. These fractures often have very short dis-
tal segments; therefore a nail with very distal locking screws must be utilized.
Additionally, the design and manufacturer of the arthroplasty must be deter-
mined. Some older, smaller femoral components do not have an intercondylar
opening large enough to allow the passage of a nail. If a short distal segment oc-
curs in osteoporotic bone, locking-plate fixation is often more stable than a nail
with two locking screws.

Type B (Unicondylar, Hoffa’s) Fractures

Fractures of the medial or lateral condyles in the sagittal plane are exposed
through a medial or lateral parapatellar surgical approach. The condyle is re-
duced and held in place with lag screws or a buttress plate. Adequacy of reduc-
tion in these fractures should be confirmed by direct visual inspection, because
a malreduction in rotation can be difficult to detect with fluoroscopy. Fractures
in the coronal plane usually involve the posterior portion of the condyle (Fig.
20-1, B3). These are referred to as Hoffa’s fractures. They can occur in isolation
or as part of a bicondylar complex fracture pattern. They are exposed through
a midmedial or midlateral incision or, alternatively, through a parapatellar in-
cision on the involved side. The fractured condyle is very posterior and must be
visualized well to confirm an anatomic reduction. Lag fixation is placed from
the anterior surface of the femur or trochlea into the fractured posterior condyle
(Fig. 20-3). Screws placed through the cartilaginous surface of the trochlea
should be headless or countersunk 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 (OTA/AO B3) with a dislocated patella. C. Intra-
operative lateral radiograph view showing reduction and location of counter-
sunk 3.5-mm screws. (Courtesy of Walter W. Virkus, M.D.)
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Type C (Bicondylar, Intercondylar) Fractures

Type C fractures vary widely from simple supracondylar/intercondylar frac-
tures (Type C1) to very complex fractures with comminution of the articular
and metaphyseal components (Type C3).

Supracondylar fractures with an intercondylar split (C1) can also be treated
with either intrameduallary nail or plate fixation. If an intramedullary nail is to
be used, the two condyles must be anatomically reduced to each other and held
together while the nail is inserted. The nail portal is usually directed through
this fracture line, so the tendency is for the nail to separate the fracture as it is
reamed and inserted. The reduction should be held with lag screws (3.5 mm)
placed out of the path of the nail. The articular reduction should then be recon-
firmed after nail insertion. Plate fixation is performed through either a lateral
or lateral parapatellar approach (Fig. 20-4).

More severely comminuted intercondylar fractures are best managed with
ORIF (Fig. 20-5). Anatomically contoured plates are very useful for this lo-
cation. If the metaphyseal component is very comminuted, locking plates have
a clear advantage, as they can prevent the fracture from settling into varus
without the need for a medial plate. Locked plating techniques on fractures
with intraarticular extension require reduction and stabilization of the articu-
lar surface prior to implanting the locking plate. Although this technique can
be performed through a straight lateral incision, visualization is much better
with a lateral parapatellar approach if the articular fracture is comminuted
(Fig. 20-5E). The articular surface can be stabilized either definitively with
multiple 3.5-mm screws or temporarily with multiple large Kirschner wires.
Anatomic reduction of comminuted metaphyseal fragments is not mandatory

FIG. 20-4 A and B. AP and lateral radiographs showing comminuted distal
femoral fracture (OTA/AO A3). C and D. AP 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. (Courtesy of Walter W. Virkus, M.D.)
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FIG. 20-5 Aand B. AP and lateral radiographs of a comminuted intraar-
ticular fracture of the distal femur (OTA/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. Fand G. AP and lateral ra-
diographs showing healing of the distal femoral fracture. (Courtesy of Walter
W. Virkus, M.D.)

as long as the relationship of the condyles to the distal diaphysis (axial align-
ment, length, rotation) is restored. The locking-plate systems placed submus-
cularly play a crucial biological and biomechanical role in the stabilization of
this fracture. The advent of locked plating has reduced the number of cases
that require bone grafting. One indication for grafting that still remains is
the occurence of massive bone loss at the time of injury. Furthermore, the
use of locking plates laterally virtually eliminates the need for a second plate
medially.

One of the best indications for the use of locked plating is severe osteopenia.
The stability of these plates in poor-quality bone is far superior to that of con-
ventional implants. On very rare occasions, polymethylmethacrylate (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 until 10 to 12 weeks in articular fractures.

Complications

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 arthrofibrosis persists, arthrodesis is performed. If there is no prior his-
tory of infection, an intramedullary rod is used for knee fusion fixation. If 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 malunions 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-
lateral ligament and associated medial structures, the lateral collateral liga-
ment (LCL)/posterolateral corner (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 component. 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 torn. We classify knee dislocations according to the
ligaments that are disrupted.

Four ligaments may be disrupted: the ACL, PCL, LCL/PLC, 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,
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ACL/PCL/LCL/PLC, ACL/PCL/PLC, ACL/PCL/LCL, and ACL/PCL/MCL/
LCL/PLC.

Associated Injuries

Injuries associated with knee dislocations are vascular, neurologic, or skeletal.

The incidence of popliteal artery injury reported in the literature varies
from 5 to 40% (Fig. 21-1). The presence of pedal pulses does not rule out a mi-
nor arterial injury such as an intimal tear. Treatment should be guided by se-
rial vascular physical examinations. If the examination is abnormal or there
is any other reason to be highly suspicious of an arterial injury, emergent vas-
cular consultation should be obtained. Ankle-brachial pressures can also be
obtained. A value of 0.8 or lower suggests possible arterial injury. Disruption
of the popliteal artery is a surgical emergency. Circulation must be reestab-
lished within 8 h or the chance of salvaging the leg is minimal. Stabilization of
the knee with external fixation is the most effective means of protecting the
vascular repair. The external fixator can be left in place and used to manage
the ligamentous injury.

The peroneal and tibial nerves are at risk in a knee dislocation. The pero-
neal nerve is injured more frequently than the tibial nerve, with an incidence
of about 20%. The peroneal nerve is most commonly injured in association
with the lateral ligamentous complex (e.g., adduction injury to the knee:
ACL/PCL/LCL/PLC torn, MCL intact). It is usually a traction injury that can-
not be repaired. The differential diagnosis of peroneal and tibial nerve deficit
includes compartment syndrome.

Bony avulsions of ligamentous origins and insertions are distinct from frac-
ture-dislocations of the knee, in which ligamentous injury is associated with
a fracture of the tibial or femoral condyles. Frequently, a bony avulsion facil-
itates ligamentous repair. Examination by magnetic resonance imaging can
make the diagnosis of an avulsion injury much clearer.

FIG. 21-1 Aand B. AP and lateral radiographs of an anterior knee disloca-
tion. C. Angiogram of same patient showing interruption of flow in the popliteal
artery. (Courtesy of Walter W. Virkus, M.D.)
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Diagnosis and Initial Management
History and Physical Examination

The mechanism of injury is important because the incidence of associated in-
juries, in particular popliteal artery disruption, is less with low-energy (e.g.,
sports-related) injuries. However, the clinician should be cautioned against as-
suming vascular integrity based on mechanism of injury.

The diagnosis of a displaced knee dislocation is often obvious because of
the gross deformity. However, frequently, the dislocation has been reduced
during transit to the emergency department, and swelling may be the only
obvious physical finding. Lacerations are assumed to communicate with the
joint unless proven otherwise. A medial skin furrow may indicate that the
dislocation is complex (posterolateral dislocation) or irreducible with closed
methods.

A focused vascular evaluation includes palpation of pedal pulses, exami-
nation of leg and foot compartments, and assessment of skin color and capil-
lary refill. A focused neurologic evaluation includes examination of the pe-
roneal nerve (i.e., sensation on the dorsum of the foot and ability to dorsiflex
the ankle) and tibial nerve (i.e., sensation on the plantar aspect of the foot and
ability to plantarflex the ankle, foot, and toes).

The initial ligamentous evaluation is performed in a standardized manner
with reference made to the contralateral knee for comparison. The knee is
stressed in varus and valgus with the knee in both full extension and 30 degrees
of flexion; knee opening in full extension indicates an injury to both cruciates
and the associated collateral. Instability in 30 degrees of flexion indicates a torn
MCL (valgus) or LCL (varus). Hyperextension indicates a torn ACL and PLC
(a positive hyperextension recurvatum test). A positive Lachman’s test indi-
cates a torn ACL. A Lachman’s test is performed by flexing the knee to 25 de-
grees. One hand stabilizes the thigh and the other stresses the tibia to displace
the knee anteriorly and posteriorly. If there is an abnormal amount of motion
anteriorly, the test is positive. The resting position in knee flexion may demon-
strate a posterior sag, suggesting a PCL injury (Fig. 21-2). Anterior and poste-
rior drawer tests are performed by flexing the knee to 90 degrees and applying
anterior and posterior stresses, respectively. Instability indicates a torn ACL
and capsule or PCL and capsule, respectively.

¥

FIG. 21-2 Clinical image showing the posterior sag sign seen in injury of
the PCL. (Courtesy of Charles Bush-Joseph, M.D.)
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Radiographic Examination

The neurovascular and radiographic examinations are performed prior to re-
duction (Fig. 21-1A and B). Anteroposterior and lateral radiographs aid in
classifying the injury by the position of the tibia on the femur and in deter-
mining whether there are associated fractures. After the initial closed reduc-
tion, the injury is further evaluated with magnetic resonance imaging (MRI).
MRI identifies which ligaments are disrupted and distinguishes midsubstance
tears from avulsions. This is particularly useful in planning the management of
a PCL disrupted knee dislocation.

Radiographs are obtained while the patient is anesthetized. The extended
knee is stressed in varus and valgus. Joint-line opening indicates complete dis-
ruption of both cruciate ligaments and of either the MCL or LCL. Anterior and
posterior drawer tests are also performed. Fluoroscopy may add to the clini-
cal exam (Fig. 21-3).

Thus, with the initial evaluation, pre- and postreduction radiographs, MRI,
examination under anesthesia, and occasionally, if needed, stress radiographs,
an accurate prediction of the damaged structures can be made.

Initial Management

Reduction is usually straightforward and accomplished with longitudinal trac-
tion and manipulation. Once the joint is reduced, the vascular and neurologic
examinations are repeated. The knee is splinted and iced. Postsplinting ra-
diographs are obtained to ensure a concentric reduction. Ongoing residual sub-
luxation should be avoided, especially if definitive treatment is to be delayed.
In most cases, ankle-brachial indices or serial physical examinations are per-
formed to rule out an associated arterial injury. At a minimum, the patient is
admitted for observation.

Definitive Management
Timing

Arthroscopy of the acute knee dislocation (within 14 days of injury) is contra-
indicated because of the risk of fluid extravasation due to capsular disruption.

FIG.21-3 Aand B. Lateral stress radiographs demonstrating abnormal pos-
terior (A) and anterior (B) translation due to multiligament instability. (Courtesy
of Charles 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 arthrofibrosis. The exception
to this rule is an ACL avulsion, 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 1 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 corners 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).

Closed management consists of immobilization of the knee in extension,
using an external fixator 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 torn is a much more complicated and unstable
pattern, requiring treatment of both cruciate ligaments.

One or both of the collateral ligaments 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 suture or screw
fixation. Direct repair of midsubstance cruciate tears is not advocated; these
are reconstructed, while midsubstance collateral and corner 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 reconstructed. Fixation of an autograft or allograft is ac-
complished by fixing the graft in bony tunnels 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.



21 KNEE DISLOCATIONS 319

FIG.21-4 Aand B. Postoperative AP and lateral radiographs following ACL,
PCL, and PLC reconstruction. (Courtesy of Charles Bush-Joseph, M.D.)

Specific Surgical Techniques

The following descriptions of surgical management of the dislocated knee
are based on the ligaments involved.

Type I: ACLIMCL/LCL torn, PCL intact. PCL integrity directs the treatment
of this type of dislocation to the ACL. Reconstruction of the ACL is delayed
until range of motion is restored and collateral healing has occurred.

Type II: ACL/PCL torn, MCL/LCL intact. This injury pattern is rare, and its
management is simplified by the intact collaterals. The key to successful man-
agement is reconstruction of the PCL and ACL.

Type III: ACL/PCL/MCL torn, LCL/PLC intact. The primary goal is recon-
struction of the torn structures. Simultaneous bicruciate reconstruction can
be performed with an arthroscopically assisted technique after functional
range of motion has been obtained. Depending on healing of the PLC, recon-
struction of this collateral structure may be required and is usually performed
through an open approach. The use of PCL inlay vs. tibial tunnels is complex
and dependent on the surgeon’s experience. The inlay or onlay technique, ac-
complished using a trough in the back of the proximal tibia, has been associ-
ated with improved results in both clinical and cadaveric studies.

Type IV: ACL/PCL/LCL/IPLC torn, MCL intact. The tearing of both the LCL
and PLC complicates treatment. It is important to reestablish the PLC and as-
sociated tendinous structures (i.e., biceps femoris and/or 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 subluxing the tibiofemoral
joint. The locking whip stitch is used to reattach or repair the LCL and asso-
ciated posterolateral structures. Alternatively, a reconstruction that recreates
the LCL, the popliteal, and the popliteofibular ligament can be performed.
Again, the timing of reconstruction of the ACL and PCL must be based on
clinical experience. Acute PLC repair combined with simultaneous ACL/PCL
reconstructions will pose a high risk of stiffness.
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Type V: ACL/PCL/IMCL/LCL/PLC torn. 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.

Rehabilitation

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.

Complications

Complications unique to a dislocation of the knee are arthrofibrosis, residual
laxity, and incompetent lateral structures.

Arthrofibrosis 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 corners.

Incompetent lateral structures result in posterolateral rotary instability
(PLRI). Repair of the lateral structures can be difficult (midsubstance tears of
the LCL are particularly difficult) but may be attempted. Alternatively, the
PLC can be reconstructed. Unlike combined ACL/LCL 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 LCL/PCL 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 proximal tibia 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 intercondylar 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 horn of
the medial meniscus. The posterior tibial spine is the attachment of the poste-
rior horn 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 cm 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 C is 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 III are low-energy fractures. Types IV to VI are
usually high-energy injuries.

Split fractures (Schatzker I) 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 The Schatzker classification of tibial plateau fractures.

is vertical and seldom widely displaced (Fig. 22-1, I). The lateral meniscus
may be torn peripherally and dislocated into the fracture site.

Split-depression fractures (Schatzker II) are the most common type of
tibial plateau fracture. These tend to occur in slightly older patients than
Schatzker I fractures. The mechanism of injury is a valgus stress that impacts
the lateral femoral condyle against the plateau, fracturing the lateral portion of
the plateau from the proximal tibia. As the femoral condyle continues to im-
pact the remaining medial portion of the lateral plateau, it drives a segment
of articular surface into the metaphysis. This depressed segment is always on
the medial side of the fracture, not on the lateral split fragment (Fig. 22-1,
IT). Whether the depressed segment is anterior or posterior depends on the
degree of knee flexion at the time of injury (extension is associated with an-
terior depression, flexion with posterior depression).

Lateral-depression fractures (Schatzker III) occur in osteopenic bone.
The mechanism of injury is a low-energy valgus stress: the lateral femoral
condyle sinks into and depresses the lateral plateau. The lateral rim can be
intact, or the entire lateral plateau may be depressed (Fig. 22-1, III).

Medial plateau fractures (Schatzker IV) range from low-energy medial-
depression fractures similar to those described above on the lateral side to
severe fracture-dislocations frequently associated with neurovascular injuries.
Low-energy fractures are caused by a varus load to the knee. High-energy
fractures are caused by axial and valgus forces across the knee, causing the lat-
eral femoral condyle to hit the tibial spines along a vector directed medially
and distally. The medial tibial condyle and the tibial spines are fractured and
driven along this vector. A variety of ligamentous injuries may occur in asso-
ciation with this fracture; in fact, this injury may often represent a fracture-
dislocation (Fig. 22-1, IV).

Bicondylar plateau fractures (Schatzker V) involve both condyles and are
the result of complex high-energy trauma. Associated neurovascular (includ-
ing compartment syndrome), ligamentous, and extensive soft tissue injuries
are common (Fig. 22-1, V).

Plateau fractures associated with a fracture of the proximal metaphy-
seal diaphyseal junction (Schatzker VI) are similar to bicondylar fractures 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 reduce 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 lateral plateau may be associated 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 plateau and bicondylar 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 discernible deformity, but there is usually
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 accurate information regarding the amount of depression. In some in-
stances, obtaining a traction view with either radiographs or fluoroscopy can
provide valuable information for the surgeon. Computed tomography (CT)
scans, and more recently magnetic resonance imaging (MRI), can be very
helpful for the evaluation of associated injuries and preoperative planning for
bony fixation. MRI can yield crucial information regarding the status of the
ligaments and menisci while providing adequate bone detail as well. However,
an MRI scan can be time-consuming to obtain and may be impossible if a
spanning external fixator is in place; it is also much more expensive than CT.
Although CT scanning has been the classic secondary radiographic study for
preoperative planning, the information obtained through an MRI regarding
bone and soft tissue may lead to MRI being the study of choice in the future.

Initial Management

Initial management of these injuries depends on their severity. For low-energy
injuries without any axial shortening, a well-padded long leg splint that main-
tains the leg in the proper alignment is adequate. For more severe injuries,
management should be directed by the status of the soft tissue. If the soft tis-
sue envelope of the proximal tibia is only mildly swollen, a long leg splint may
be adequate. If soft tissue injury is severe, heralded by blisters or severe
swelling, definitive management will likely have to be delayed. In these cases,
a knee-spanning external fixator has many benefits. A spanning fixator pro-
vides a provisional reduction and allows the fracture to be held out to anatomic
length, which facilitates the recovery of the soft tissues and makes eventual
surgical reduction of the fracture easier (Fig. 22-2). It also greatly increases
patient comfort until definitive fixation can take place. A spanning external
fixator is also often indicated in patients with an open fracture or associated
vascular injury.

Definitive Management

The goals of management of tibial plateau fractures are to decrease the risk
of posttraumatic osteoarthritis and provide a stable knee with a normal axis
of alignment. Indications for operative management are reducible intraarticu-
lar incongruity, intraarticular displacement (i.e., a gap without a step-off) of
3 mm or more, ligamentous instability, or a deviation in the alignment 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.
Virkus, 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-
erative 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 than 10 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 under 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 reduction,
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 I 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 ORIF. Note screw and Kirschner-wire placement directly be-
low the subchondral bone. (Courtesy of Walter W. Virkus, M.D.)

stability to prevent displacement. Such fractures call for a word of caution:
anatomic plate fixation placed posteromedially is often required to prevent dis-
placement. In high-energy injuries, ligamentous repair or reconstruction may
be necessary, but this may be best delayed until osseous healing has occurred
and range of motion has been restored.

Bicondylar fractures with or without a metaphyseal dissociation are treated
similarly. The options are open reduction and internal fixation (ORIF) with
anatomic joint reduction and plate fixation of the articular segment to the tib-
ial shaft or limited reduction and fixation of the articular fracture with external
fixation to stabilize the articular segment to the tibial shaft. In choosing the
best option, the surgeon must consider the amount of articular comminution
and the status of the soft tissue envelope of the proximal tibia.

If the articular segment is very comminuted and the soft tissue severely in-
jured, limited internal fixation and stabilization with a thin-wire fixator or pin
monolateral fixator may be the best option. If the articular segment is recon-
structable but the soft tissue injury is severe, then a knee-spanning external fix-
ator can allow the soft tissues to recover and formal ORIF with plate fixation
can be performed 7 to 14 days after injury.

Limited internal fixation and external fixation is an excellent option in
cases of severe articular comminution, open fractures, fractures associated
with compartment syndrome, and unresolving soft tissue injury (Fig. 22-4).
This method should be performed in the first 7 to 10 days, when fracture frag-
ments are still mobile. The articular surface is reduced by closed manipulation
or manipulation of fracture fragments through small incisions. These frag-
ments are then stabilized with multiple lag screws. The articular segment is
then reduced to the tibial shaft 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 traversing the reflection of the joint capsule and poten-
tially leading to septic arthritis. Distally, fixation in the tibial shaft is obtained
with thin wires or half pins.

ORIF with anatomic proximal tibial plates is an excellent option for fix-
ation of tibial plateau fractures either acutely or after a short duration of joint-
spanning external fixation. It is critical, however, that extensile exposures
not be performed through severely swollen soft tissue, as rates of wound
dehiscense and deep infection are high. It must be determined whether the
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FIG. 22-4 A and B. AP and lateral radiographs of a comminuted fracture of
the proximal tibia with a split 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. (Courtesy of Walter W. Virkus, M.D.)

medial condyle will have to be reduced open and whether it will require a me-
dial plate for stable fixation. If the medial fragment is minimally displaced, it
can be reduced closed. Often, however, the medial condyle is rotated or dis-
placed posteriorly, and in this situation the medial plateau should be reduced
open, because anatomic closed reduction is very difficult. If the medial plateau
fragment is large, it can be adequately stabilized by a lateral locking plate. If the
fragment is small, comminuted, or osteoporotic or if a locking plate is not be-
ing used, a separate medial or posteromedial plate should be used to stabilize
the medial fragment. If a medial plate is used, it is critical that it be inserted
through a separate medial incision and not placed through the same inci-
sion that is used to insert the lateral plate. Plating both sides of the proxi-
mal tibia through one incision leads to excessive soft tissue stripping, bone
devascularization, and a high incidence of nonunion or infection.

After the medial fragment is reduced, either to the lateral plateau or the
metaphysis, the lateral plateau is reduced and stabilized. This may require ele-
vation of a depressed portion of the plateau and can be performed through a
lateral parapatellar or anterolateral approach. A 4.5-mm anatomic plate is then
used for fixation. Locking plates provide excellent fixation and, as mentioned,
can prevent axial collapse of a medial plateau fragment (Fig. 22-5).

For fractures that are minimally displaced or that can be reduced through
small incisions, minimally invasive plating with locking plates is an excel-
lent option (Fig. 22-6). A hockey-stick incision is recommended if the LISS
plating system is employed. Alternatively, it can be placed using a lateral para-
patellar approach. The incision should be the minimum necessary, with the
plate slid into the submuscular plane 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 and fluoroscopy,
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FIG. 22-5 A. AP radiograph of a bicondylar fracture of the tibial plateau.
B and C. Postoperative AP and lateral radiographs showing a posteromedial
3.5-mm LCD plate and a lateral 4.5-mm locking plate placed through sepa-
rate incisions. (Courtesy of Walter W. Virkus, M.D.)

arthroscopy-assisted techniques, or under direct visualization using a sub-
meniscal arthrotomy.

Rehabilitation

Early postoperative motion is critical to attaining a good functional result.
With the exception of split fractures, non—weight bearing is maintained for
12 weeks when conventional implants are used. Patients with split fractures
can bear weight as tolerated at 6 weeks. If a locked plate is used, weight bear-
ing is allowed as soon as there is any evidence of callus formation on radio-
graphs. This frequently occurs in 6 weeks.

Complications

Complications of tibial plateau fractures include arthritis, nonunion, malunion,
arthrofibrosis, infection, and late subsidence of a reduced plateau.

FIG. 22-6 A and B. AP and lateral radiographs of a minimally displaced
bicondylar 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 injury 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. Patients above 50 years
of age with arthritis are managed with an arthroplasty. The incidence of func-
tionally limiting arthritis after tibial plateau fractures is not well defined but
does not appear to be directly related to the quality of the articular 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 an arthrodesis by using an intramedullary 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 an 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 should be performed.

Arthrofibrosis is common following tibial plateau fractures and is best
treated by prevention with stable fixation and early aggressive physical therapy.
In refractory cases, after fracture healing 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 increased. Radiographs are obtained weekly until the patient 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. Kanlic

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 injury. 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 fractures with preserved retinacula. The patellar ligament is a strong, 5-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.

Classification and Nomenclature

The Orthopaedic Trauma Association (OTA) classification describes three
main fracture groups (Fig. 23-1). Type A (extraarticular) fractures 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.

Mechanism of Injury

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 Group B Group C

FIG. 23-1 OTA/AO classification: A. Extraarticular fracture. B. Partial articu-
lar fracture. C. Complete articular fracture with disrupted extensor mechanism.

don. A transverse patellar fracture may develop from the eccentric contraction
of the quadriceps mechanism while a person is landing from a height.

Physical Examination

Patients present with acute pain and a history of trauma. Deformity can be sig-
nificant in cases with a disrupted capsule or less marked with an intraarticu-
lar effusion and hemarthrosis where there is less displacement. The skin must
be evaluated to make sure there are no wounds communicating with the frac-
ture or joint. The gap in the knee extensor area is often easily palpable in sig-
nificant displacements. The most important part of the local exam is to evalu-
ate the integrity of the extensor mechanism (especially if there is no displaced
patellar fracture on the radiographs). If the patient is not able to lift the ex-
tended leg from the exam table’s surface or to hold it extended, there is prob-
ably a disruption of the extensor mechanism. Palpation can help to determine
the level of rupture (above, below, or at the patella). If pain and swelling are
significant, one must aspirate the blood from the joint and inject a local anes-
thetic. If palpation suggests a higher probability of quadriceps tendon or liga-
mentum patellae rupture, those areas can be infiltrated. 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 femoral nerve palsy and evaluate the rest of the lower extrem-
ity (active and passive motion of the hip, ankle, and foot as well as sensation
and pulses).

Initial Management

If the fracture is not displaced and there is little traumatic effusion, a knee
immobilizer or cylinder cast with weight bearing as tolerated is recommended.

A displaced fracture with complete disruption of the extensor mechanism
must be treated surgically. In the meantime, the patient needs a knee immo-
bilizer, ice, elevation, and pain medication. If swelling is significant, aspiration
and an intraarticular anesthetic with a compressive dressing will provide com-
fort and a faster recovery.

Associated Injuries

Patellar fractures caused by high-energy direct blows to the knee must be eval-
uated for additional injuries of the involved extremity. Some 5% of ligamen-
tous injuries of the knee that require treatment occur with patellar fractures.
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Radiographic Examination

Anteroposterior and lateral radiographs (including the distal femur and prox-
imal tibia) (see Fig. 23-5A) are essential in evaluating patellar fractures. A
skyline view is useful in cases of suspected vertical fractures and/or osteo-
chondral fragments. This is obtained by placing the knee in 45 degrees of
flexion and directing the beam from distal to proximal through the anterior
aspect of the knee joint (uncomfortable and unnecessary for patients with ob-
vious fractures).

If there is no patellar fracture, the position of the patella must be evalu-
ated. Low position (baja) indicates possible quadriceps disruption (see Fig. 23-
7A). High position (alta) suggests injury to the ligamentum patellae (avulsion
or rupture) (see Fig. 23-5A).

Magnetic resonance imaging (MRI) is helpful in evaluating associated in-
juries (ligaments, menisci, or cartilaginous defects).

A bipartite patella, with a rounded lucency in the superior lateral corner (not
sharp, as in fresh fractures), is a congenital anomaly and occasionally bilateral.

Nonsurgical Treatment

Injuries with a preserved extensor mechanism are treated with rest, immobi-
lization, ice, and elevation. Patients can bear weight as tolerated for 6 weeks
in a hinged brace locked in full extension. As the pain subsides, they can un-
lock the brace and start active, comfortable range-of-motion exercises (Fig.
23-2A and B).

Displaced fractures treated nonoperatively pose a high risk of significant fu-
ture problems (extension weakness, posttraumatic arthritis, pain).

Surgical Treatment

Displaced patellar fractures with a fully disrupted knee extensor mechanism
require surgical repair in order to regain the best possible long-term function.
A midline longitudinal incision allows good access 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 horizontal
approach. All displaced fractures have a ruptured retinaculum, and it must be
repaired.

FIG. 23-2 A. Lateral radiograph of patella with less than 3 mm of distraction
between fragments. B. 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.

Tension-band wiring is the most commonly used technique and is very ef-
fective in transverse fractures. Two longitudinal Kirschner wires prevent intra-
articular displacement and guide fragments as compression is exerted by an an-
terior figure-of-eight tension-band wire during knee flexion. Additional screws
or cerclage wires may be necessary in more complex fractures (Fig. 23-3A to C).

The use of cannulated screws instead of longitudinal wires makes the con-
struct stronger and causes less irritation to the surrounding tissues (Fig. 23-4).

Fractures of the patellar apex (distal pole) are extraarticular and repaired
with a retrograde screw and washer if the distal bone fragment is large enough
or with heavy, nonabsorbable sutures woven through the patellar ligament and
pulled through drill holes in the proximal fragment. Distal patellar fractures
must be protected by a cable around the proximal patella and through the tib-
ial tuberosity in a figure-of-eight mode. The cable is tightened with the knee in
90 degrees of flexion (Fig. 23-5A and B).

Patellectomy

In some cases it is impossible to reconstruct 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 Extraarticular avulsion of the patellar apex with small bone frag-
ments. B. Reconstructed ligamentous avulsion with sutures and supporting
patellotibial cable.

patellectomy) and the ligamentum patellae or quadriceps tendon reattached to
the major bone fragment through drill holes close to the joint surface of the
patellar remnants (for better gliding biomechanics). These repairs usually re-
quire the additional protection of a cable passed above the patella and through
the tibial tuberosity.

In a situation where there are no major bone fragments left, the removal of
all bone fragments (total patellectomy) and reconstruction of the preserved
soft tissue elements of the extensor mechanism is the only solution. These
patients can still regain full but weak active extension (Fig. 23-6A and B).

Postoperative Treatment

After the surgical repair, the knee should be put through a range of motion and
the repair tested. C-arm images must be obtained to make sure no displace-
ment has occurred. The amount of flexion possible without displacing the re-
pair will determine the allowed range of motion in the first 4 to 6 weeks of
the rehabilitation program. A hinged brace locked in extension allows for full
weight bearing; as active flexion improves, it can be adjusted accordingly.

FIG. 23-6 Lateral radiograph of the knee after patellectomy. B. Elderly 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.

Complications

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.

Patellar Dislocations

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 retinacular release and repair of the medial patellofemoral ligament and
vastus medialis at the adductor tuberosity or medial capsular reefing is indi-
cated. In special circumstances (e.g., athletic considerations) repair of the
patellofemoral ligament 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. 23-7A). 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. 23-7B), surgical reapproximation and direct repair of
the quadriceps tendon is feasible. Nonabsorbable 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.

tendon transfer (semitendinosus). The goal is to obtain a stable repair that allows
for early, passive motion of the knee and quadriceps rehabilitation.

Rupture of the Patellar Ligament

This injury occurs in persons below 40 years of age, usually after an eccen-
tric contraction of the knee musculature. It can be associated with chronic
tendinitis (“jumper’s knee”) and local steroid injections. On physical exami-
nation, the patient is unable actively to extend the knee or to hold it extended,
and pain and palpable gap are present at the apex of the patella. Radiographi-
cally, a high-riding patella (patella alta) may be observed due to the unopposed
pull of the quadriceps tendon. A small avulsion fracture at the patellar apex
may occur (Fig. 23-5A).

Treatment

Partial tears (complete extension possible) are rare and can be treated nonop-
eratively by immobilization; however, surgical exploration often shows the in-
jury to be more extensive than anticipated and avoids the problem of dealing
with a more complex situation of reconstruction at a later time. Complete dis-
ruption requires early surgical intervention. If the piece of bone is still present,
a retrograde screw may provide fixation. If there is no substantial bone frag-
ment, then multiple nonabsorbable sutures should capture the patellar liga-
ment (whipstitch technique) and fasten it to the patella through longitudinal
transosseous holes (close to the articular surface) for a secure fixation (Fig. 23-
5B). The medial and lateral retinaculum also require repair.

Delayed recognition occurs with scarred and retracted tissues; in such in-
stances the repair must be augmented with semitendinosus and/or gracilis
tendon, released proximally, and pulled through the patella.

All repairs of the patellar ligament should be secured by a cable passed in
a figure-of-eight tension-band mode above the patella and through the tibial
tuberosity. To avoid shortening of the ligament and a flexion contracture, the
cable must be tightened with the knee in 90 degrees of flexion.

The rehabilitation program is similar to that already discussed for injuries of
the extensor mechanism: a hinged brace with weight bearing as tolerated in
extension and early range-of-motion exercises (passive extension only in the
first 6 weeks).
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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 compartment 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 distal 5 cm 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 soleal line. 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 compartment 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.

340
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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.

There are two posterior compartments: deep and superficial. The deep pos-
terior compartment, in addition to the anterior compartment, is most often in-
volved in compartment syndrome. It is bounded by the posterior surface of
the tibia, the medial and posterior borders of the fibula, the interosseous mem-
brane, and the fascia, which separates it from the superficial posterior com-
partment. It contains four muscles: the popliteus, flexor hallucis longus, tibialis
posterior, and flexor digitorum longus. All these muscles are supplied by the
tibial nerve and the main neurovascular bundle, containing the tibial nerve, and
the posterior tibial artery, which runs through the compartment. The superficial
posterior compartment is bounded by fascia and contains the gastrocnemius
and soleus muscles in addition to the plantaris muscle. These are supplied by
branches of the tibial nerve. The sural and saphenous nerves run between the
skin and deep fascia and are not associated with specific compartments.

CLASSIFICATION

The OTA classification is widely used for fractures of the tibia and fibular dia-
physes (Fig. 24-2). Type A fractures are unifocal and are distinguished by their
morphology (Al fractures are spiral, A2 fractures are short and oblique, and A3
fractures are transverse) and the presence and location of a fibular fracture. The
suffix .1 indicates an intact fibula, .2 a fibular fracture distant from the tibial
fracture, and .3 a fibular fracture at the same level as the tibial fracture.

Type B fractures are bifocal wedge fractures, with B1 containing intact spiral
wedge fractures. B2 are intact bending wedge fractures and B3 are comminuted
wedge fractures. The suffixes .1 to .3 are the same as for type A fractures.

Type C fractures are complex multifragmentary segmental or comminuted
fractures. C1 fractures are spiral wedge fractures with the suffixes .1 to .3 in-
dicating the number of intermediate fragments. C2 fractures are segmental,
with the suffixes .1 to .3 indicating the number of segments and degree of com-
minution. C3 fractures are comminuted, with .1 to .3 indicating the extent and
severity of the comminution.

EPIDEMIOLOGY

Fractures of the tibia and fibula account for 2% of all fractures. About 65% oc-
cur in males and the overall average age is about 37 years. The distribution is
bimodal, with young males and older females having the highest incidences.
About 23% of tibial diaphyseal fractures are open and about 22% are associ-
ated with an intact fibula. About 54% are type A unifocal fractures, 28% are
type B wedge fractures, and 18% are type C comminuted or segmental fractures.
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FIG. 24-2 The OTA classification of tibial diaphyseal fractures. [ Orthopaedic
Trauma Association Committee for Coding and Classification. Fracture and dis-
location compendium. J Orthop Trauma 10(supp!):51-55, 1996.]

The most common causes are motor vehicle accidents and sports in young
males and falls in older females. There is evidence that the epidemiology of
tibial diaphyseal fractures is changing in many countries. Improved road
safety and a growing incidence of osteopenic fractures has resulted in an in-
creasing incidence of fractures in the elderly.

CLINICAL HISTORY AND EXAMINATION

Fractures of the tibial diaphysis are usually obvious, the patient presenting with
local pain, swelling, and deformity. The possibility of a tibial fracture should be
considered in all unconscious or severely injured patients and a thorough physi-
cal examination undertaken. A complete history should be obtained from the
patient, relative, or caregiver. The cause of the fracture will indicate the extent
of the injury and the possibility of coexisting injuries. In the elderly, the history
should include details about any comorbid conditions, the patient’s prefracture
ambulatory status, and his or her domicile, as these factors may alter the treatment
and play a role in outcome. Physical examination should include a complete ex-
amination of the limb while looking for other injuries. The knee, ankle, and hind-
foot must be carefully examined and the vascular and neurologic status of the
leg checked. The soft tissues should be checked for evidence of an open frac-
ture. In the multiply injured patient, a complete examination must be under-
taken, according to Advanced Trauma Life Support (ATLS) principles.
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FIG. 24-3 Anteroposterior (A) and lateral (B) radiographs of an A3.3 fracture of
the tibia and fibula. This was a sports injury and a Gustilo type | open fracture.

The possibility of compartment syndrome must be considered in all patients
with fractures of the tibial diaphysis. This syndrome may occur within a few
hours of the accident, and a thorough examination of the level of pain, sensory
loss, muscle function, and pulses is mandatory. Ideally, compartment moni-
toring should be undertaken at this stage. If there are signs of skin crushing,
the possibility of underlying myonecrosis should be considered. This may oc-
cur in motor vehicle accidents and may also be seen in drug addicts, alcoholics,
and the elderly, all of whom may lie on the ground or a floor for a prolonged pe-
riod after fracture.

Radiologic Studies

Anteroposterior and lateral radiographs should be sufficient to diagnose a tibial
diaphyseal fracture (Fig. 24-3). The knee and ankle must be included to see
whether the fracture extends proximally or distally and to check for other mus-
culoskeletal injuries.

A number of features should be looked for on the anteroposterior and lateral
radiographs; these are listed in Table 24-1. Computed tomography (CT) and
magnetic resonance imaging (MRI) scans are not usually required, although
MRI may be useful in diagnosing a stress fracture or an associated ligamentous
injury of the knee. Arteriography or Doppler studies may be required 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 osteopenic bone

Widely displaced bone fragments, which may suggest significant soft tissue
damage

Bone defects

Damage to knee or ankle joints

The state of the bone—osteopenia, metastases, or previous fracture

Periprosthetic fracture

Gas in the tissues—open fracture or anaerobic infection




344 HANDBOOK OF FRACTURES

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.

Intramedullary Nailing

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 if they are OTA type B or C. Distal tibial fractures can
usually be nailed if they are more than 4 cm from the ankle joint. However, if

TABLE 24-2 The Results of Reamed and Unreamed Intramedullary Nailing
in Closed and Open Tibial Fractures

Reamed nails Unreamed nails
Closed Open Closed Open
Union (weeks) 171 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 55 5.3 9.2
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FIG. 24-4 Lateral (A) and anteroposterior (B) 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 are oblique or spiral fractures within 4 cm of the ankle joint, plating or
external fixation may be easier.

Complications of Intramedullary Nailing

The complications associated with intramedullary nailing of the tibia are listed
in Table 24-3.

The main complication of tibial nailing is knee pain. This is probably mul-
tifactorial, being caused by local soft tissue damage, prominent nails, and
prominent proximal cross screws. Although about 60% of patients complain
of knee pain, about 80% have no pain or only minimal discomfort. It correlates
with age, with younger, more active patients complaining of more symptoms.
It is usually but not invariably relieved by nail removal. Surgeons have con-
sidered that it might be caused by damage to the patellar tendon during nail in-
sertion, but there is no evidence that this is the case. Nail breakage is uncom-
mon and is usually associated with an untreated nonunion. Screw breakage is
higher with unreamed nails (25%) vs. reamed nails (3%). Thermal necrosis is
caused by excessive reaming with blunt reamers. It may present as os-
teomyelitis and is usually treated with bone resection and reconstruction.

External Fixation

There has been considerable debate about the ideal type or configuration of ex-
ternal fixator and the ideal stiffness with which tibial diaphyseal fractures
should be held by a fixator. There are three basic designs of external fixator:

TABLE 24-3 The Average Results from the Literature of the Main
Complications of Tibial Intramedullary Nailing

Knee pain 60%
Neurologic damage 5%
Nail breakage 1%
Screw breakage 3-25%

Thermal necrosis <1%
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FIG. 24-5 Anteroposterior radiograph of a Gustilo Illb open fracture of the
tibia and fibula treated with a multiplanar external fixator. Note the bone loss
and the distal tibial malposition. Malunion is a complication of external fixation.

the uniplanar fixator applied to the subcutaneous border of the tibia; the mul-
tiplanar device (Fig. 24-5), which can be constructed in many different con-
figurations; and the ring fixator, which is usually applied with fine wires rather
than half pins. There is, however, no evidence that one design or configuration
is better than another.

The results of the use of uniplanar and multiplanar external fixators in
mixed series of both open and closed tibial diaphyseal fractures are given in
Table 24-4.

Precise comparison of papers dealing with external fixation and intra-
medullary nailing is difficult. However, comparison of the results shown in
Tables 24-2 and 24-4 suggests that external fixation is associated with a higher
degree of nonunion and malunion vs. intramedullary nailing, although there
is a similar incidence of infection. The main complications are pin-tract sep-
sis, which averages about 32%, and patient compliance. Studies directly com-
paring intramedullary nailing and external fixation show that intramedullary
nailing is associated with faster union, fewer secondary operative procedures,
better hindfoot function, and improved walking distance.

Primary external fixation and secondary intramedullary nailing are increas-
ingly used in “damage-control surgery” for the management of tibial diaphy-
seal fractures in severely injured patients. The primary external fixator can be
applied quickly; then the patient can be returned to the operating room from
the intensive care unit for definitive nailing when his or her condition has sta-

TABLE 24-4 Results of the Use of Uniplanar and Multiplanar External Fixation
in the Treatment of Tibial Fractures®

Uniplanar Multiplanar
Union (weeks) 251 30.7
Nonunion (%) 9.4 18.6
Infection (%) 54 9.7
Malunion (%) 24.5 27.9

4The quoted series contained 90 to 95% open fractures.
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TABLE 24-5 Results of Plating of Tibial Fractures

Union (weeks) 32.1
Infection (%) 4.8
Nonunion (%) 9.5
Malunion (%) 7.4

“The results are mostly from mixed series of closed and open fractures (aver-
age about 35% open fractures).

bilized. Studies suggest that, provided the nailing is not undertaken in the
presence of discharging pin sites, good results can be achieved.

Plating

Primary plating of tibial diaphyseal fractures is now less common than it was
10 years ago. The results from the literature are given in Table 24-5. Plating can
give good results, but it is technically more demanding than intramedullary
nailing or external fixation.

The results of plating tibial fractures are not as good as those of intra-
medullary nailing and external fixation; this technique is usually reserved for
proximal tibial diaphyseal fractures, where locked plates have been particularly
successful. Complications of plating include refracture and fixation failure.

In the last few years the development of locked plates (Fig. 24-6) has elicited
renewed interest in the plating of tibial fractures. In locked plates, the screws
screw into the plate as well as into the bone. This provides a very strong con-
struct that is particularly useful for osteopenic bone. When used around the
tibial metaphyses, these plates can be inserted with minimally invasive tech-
niques under fluoroscopic control. They are particularly useful for those prox-
imal tibial diaphyseal fractures that often occur in older patients; it is likely that
their use will increase, although it is unlikely that they will replace in-
tramedullary nailing as the optimal treatment for most diaphyseal fractures.

Nonoperative Management

There are three basic methods of treating tibial diaphyseal fractures nonopera-
tively: the long leg cast; the patellar tendon—bearing cast, designed to permit
knee movement; and the functional brace, designed to allow movement of both
knee and hindfoot. The results of all three methods are given in Table 24-6.

FIG. 24-6 Anteroposterior (A) and lateral (B) radiographs of a LISS locked
plate used to 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 Open Tibial Fractures®

Patellar-tendon— Functional
Long leg casts bearing casts braces
Union (weeks) 16.5 17.3 18
Nonunion (%) 20.4 12.3 195
Malunion (%) 15.7 26.4 16.3
Joint stiffness (%) 26.3 36.1 34.6

@Nonunion includes both “delayed” union and nonunion.

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 treatment. The incidence of malunion is relatively high, as is the incidence
of hindfoot 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 intramedullary 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-
tramedullary nail or an external fixator. A “second-look™ procedure after 36 to
48 h should be undertaken, as adequate assessment of the soft tissues is not al-
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. 24-7).

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



24 DIAPHYSEAL FRACTURES OF THE TIBIA AND FIBULA 349

FIG. 24-7 A Gustilo Illb open tibial fracture in a 52-year-old woman. Note the
large area of soft tissue loss and the skin degloving.

union radiographically and occur because of impaired vascularity at the frac-
ture site. This type of nonunion is common after severe open fractures.

The management of hypertrophic nonunion calls for altering the biomechan-
ical environment of the fracture. If the nonunion has followed treatment with a
cast or brace, the application of a plate, external fixator, or intramedullary nail
will stimulate union. If the hypertrophic nonunion has followed the use of a plate
or external fixation device and the nonunion is well aligned, closed intra-
medullary nailing is the treatment of choice. Atrophic nonunions are managed
with autogenous cancellous bone grafting. Should the nonunion persist, the sur-
geon will have to consider vascularized bone grafts or bone transport.

Exchange intramedullary nailing is useful in the treatment of both hyper-
trophic and atrophic nonunions that occur after intramedullary nailing. The
technique consists of nail removal, reaming of the intramedullary canal by a
further 1 to 2 mm, and then the introduction of a wider-diameter nail. 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 nonunions, al-
though two exchange nailing procedures may be required. It is usually unsuc-
cessful if there is a bone defect greater than 2 cm in size or more than 50% of
the bone circumference or if the nonunion is infected.

Malunion

There is no clear definition of malunion; however, 5 degrees of angulation or
rotational abnormality and 1 cm of shortening provide a reasonable working
definition. There is some evidence that tibial malunion may be associated with
an increased incidence of knee and ankle osteoarthritis. If a patient presents
with a malunion, care must be taken to determine whether further surgery is
worthwhile. Management is corrective osteotomy and stabilization with any of
the previously described methods.

Compartment Syndrome

The clinical features of compartment syndrome are discussed in Chap. 1. It is
often diagnosed by assessing the patient’s clinical signs but is best diagnosed
by the use of a pressure monitoring system with a catheter placed in the ante-
rior compartment. The diastolic blood pressure and the intracompartmental
pressures are thus assessed on a continuous basis; when the pressure differ-
ence (DP) is greater than 30 mmHg, a compartment syndrome 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 superficial 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 Fractures

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 nonoperative 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 high 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 Fractures

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
Nonoperative Reamed IM nailing External fixation

Nonunion 3.1 0 0
Varus deformity 32 0 17.6
Refracture 13.7 0 11.8
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of a below-knee walking cast or brace. Nonunions are extremely rare and are
best treated by plating and grafting if symptomatic. Proximal fibular fractures
may cause damage to the superficial peroneal nerve.

Stress Fractures

Stress fractures are either fatigue fractures occurring in young patients as a re-
sult of excessive repetitive loading on normal bone or insufficiency fractures,
which result from normal loading on abnormal bone (Fig. 24-8). These gener-
ally occur in older patients as a result of age-related osteopenia, osteoporosis,
inflammatory joint disease, Paget’s disease, and other associated conditions.
Tibial stress fractures are usually transverse, although longitudinal fractures
have been described. Fatigue fractures are usually seen in the proximal and
middle thirds of the tibia, whereas insufficiency fractures are often seen in the
distal third of the tibia, frequently close to the ankle joint. With increasing num-
bers of knee arthroplasties in this population, however, insufficiency fractures
of the proximal tibia are becoming more common. Most tibial fatigue frac-
tures occur in military recruits, long-distance runners, and ballet dancers. They
usually follow an increase in training or activity. Most insufficiency fractures
are associated with osteoporosis or age-related bone loss. Stress fractures of the
fibula usually occur just above the lateral malleolus in runners.

The treatment of tibial fatigue fractures is usually nonoperative, with the use
of a below-knee cast or patellar tendon—bearing cast. When such fractures fail to
unite, they are best treated by reamed intramedullary nailing. Insufficiency frac-
tures of the proximal tibia related to the presence of the cemented or unce-
mented arthroplasty can be treated nonoperatively if there is no evidence of
loosening of the implant. However, if the implant is loose, revision arthroplasty
is required. Distal tibial insufficiency fractures are managed nonoperatively.

Metastatic Fractures

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 is terminal, stabilization of the tibia should be undertaken. It
is best to stabilize the bone before a pathologic fracture occurs; this is usually
done with an intramedullary nail. Surgeons should be aware that a mortality
rate of up to 10% has been reported in the nailing of pathologic femora.

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 Reamed intramedullary nailing
Poor alignment (comminuted) Locked plating or periarticular external
fixation
Middiaphyseal fractures Reamed intramedullary nailing
Distal diaphyseal fractures
Beyond 4 cm of ankle joint Reamed intramedullary nailing
Within 4 cm of ankle joint
Transverse fracture Reamed intramedullary nailing
Other fractures Plating or periarticular external fixation
Metastatic fractures Reamed intramedullary nailing
Stress fractures Nonoperative
Open fractures Reamed or unreamed intramedullary nailing
External fixation if comminution is close to
joints
Multiple injuries Consider primary external fixation and later
nailing
SUGGESTED TREATMENT

A suggested protocol for the treatment of tibial fractures is presented in Table
24-8. Clearly a number of factors—such as the age, health, and function of the
patient—must be taken into consideration in deciding treatment.

SELECTED READINGS

Court-Brown CM. Fractures of the tibial and fibula. In Bucholz RW, Heckman JD (eds).
Rockwood and Green’s Fractures in Adults, 5th ed. Philadelphia: Lippincott Williams
& Wilkins, 2001:1939-2000.

Court-Brown CM, Christie J, McQueen MM. Closed intramedullary tibial nailing. Its
use in closed and type 1 open fractures. J Bone Joint Surg 72B:605-611, 1990.

Court-Brown CM, McQueen MM, Quaba AA, Christie J. Locked intramedullary nailing
of open tibial fractures. J Bone Joint Surg 73B:959-964, 1991.

Court-Brown CM, Will E, Christie J, McQueen MM. Reamed or unreamed nailing for
closed tibial fractures. J Bone Joint Surg 78B:580-583, 1996.

Gaebler C, Berger U, Schandelmaier P, et al. Rates and odds ratios for complications
in closed and open tibial fractures treated with unreamed, small diameter nails: a mul-
ticenter analysis of 467 cases. J Orthop Trauma 15:415-423, 2001.

Keating JF, O’Brien PJ, Blachut PA. Interlocking intramedullary nailing of open frac-
tures of the tibia. A prospective, randomised comparison of reamed and unreamed
nails. J Bone Joint Surg 79A:334-341, 1997.

OTA fracture and dislocation compendium. J Orthop Trauma 10(suppl 11):51-55,
1996.

Riemer BL, DiChristina DG, Cooper A, et al. Nonreamed nailing of tibial diaphyseal
fractures in blunt polytrauma patients. J Orthop Trauma 9:66-75, 1995.

Sarmiento AA, Gersten LM, Sobol PA, et al. Tibial shaft fractures treated with func-
tional braces. Experience with 780 fractures. J Bone Joint Surg 71B:602-609, 1989.

Schandelmaier P, Krettek C, Rudolf J, et al. Superior results of tibial rodding versus
external fixation in grade 3b fractures. Clin Orthop 342:164-172, 1997.

Tornetta P, Bergman M, Watnik N, et al. Treatment of grade-IIIb open tibial fractures.
A prospective randomised comparison of external fixation and non-reamed locked
nailing. J Bone Joint Surg 75B:13-19, 1994.

Trafton PG. Tibial shaft fractures. In Browner BD, Jupiter JB, Levine AM, Trafton PG
(eds). Skeletal Trauma, 3d ed. Philadelphia: Saunders, 2003:2131-2255.



25 | Indirect Fractures and
Dislocations of the Ankle

Arsen M. Pankovich  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 cadavers; (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). A num-
ber of surgeons from many different countries have described ankle injuries
(Potts, Dupuytren, Maisonneuve, Lauge-Hansen). Some eponyms still linger,
although they are fading steadily away with the universal 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 of 2.4 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 closely approximates the shape of the talus, and these elements
have a close, congruent fit throughout the arc of motion. Only slight rotatory or
lateral motion of the lateral malleolus (from zero to not more than 2 mm) has
been observed in cadaver testing when the talus was dorsiflexed, and this de-
pended on the amount of the anterior wedging of the trochlea. Thus, the mor-
tise only rarely becomes too narrow after a tight syndesmotic screw fixation.
Dorsiflexion of the ankle prior to insertion of a screw is prudent, as it cannot be
predicted which ankle mortise will become too tight to permit full dorsiflexion.

It was determined that ankle motion occurs around a single axis in 80% of
cases. Practically, the axis extends, with some variation in its plane, between
the tips of the medial and lateral malleoli.

Nine ligaments and the capsule provide stability to the ankle during weight
bearing and at rest (Fig. 25-3). On the lateral side of the ankle, the tibiofibu-
lar syndesmosis is held together by the anterior tibiofibular ligament, the in-
terosseous ligament, the interosseous membrane, the posterior tibiofibular lig-
ament, and the inferior transverse ligament (Fig. 25-3; 1a, 1b, 1c, and 1d).

The deltoid ligament provides a strong medial support. It consists of two
portions (layers). The superficial deltoid ligament originates mostly from the

FIG. 25-2 Normal ankle. A. Anteroposterior radiograph. B. Drawing of osseous
anatomy of the anterior ankle.
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FIG. 25-3 Ligaments of the ankle, 1 (a, b, ¢, 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. ¢. Outline of the syndesmosis, the
site of the interosseous ligaments. 5. Posterior talocalcaneal ligaments.

anterior colliculus and has three distinct parts that attach to the navicular bone
(naviculotibial ligament), the sustentaculum tali on the os calcis (calcaneo-
tibial ligament), and the anterior part of the medial tubercle of the talus (super-
ficial talotibial ligament) (Fig. 25-3; 3a, 3b, and 3c). The deep deltoid ligament
originates from the posterior colliculus and the intercollicular groove and con-
sists of two parts: a small band between the posterior colliculus and the medial
talar tubercle (deep anterior talotibial ligament) lying under the superficial del-
toid and the strong and wide ligamentous band (deep posterior talotibial liga-
ment), which is the main stabilizing structure that holds the talus reduced in
the ankle mortise (Fig. 25-3; 3d and 3e).
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Lateral collateral ligaments 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.

Nerves 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 talar 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 motions 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 INDIRECT 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.

OTA/AO Classification

The classification, originally developed by Danis and Weber, was accepted
and refined by the AO group and was adopted 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-Hansen 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. 25-4), the pronation—external ro-
tation (PE) type, the supination—adduction (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 avulsion of the anterior tibial tubercle of
the same name by the anterior tibiofibular ligament

2. Wagstaffe’s or Le Fort’s fracture, an avulsion of the anterior fibular tu-
bercle by the anterior tibiofibular ligament

3. Volkmann’s fracture, an avulsion of the posterior tibial tubercle by the
posterior tibiofibular ligament

One further typical lesion should be recognized: fracture 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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FIG. 25-4 SE-4 (above the syndesmosis) Lauge-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 Robert F.
Hall, Jr., M.D.)

the ankle. Surgical fixation of this fragment in an anatomic position is manda-
tory (Fig. 25-7).

DIAGNOSIS AND INITIAL MANAGEMENT

History and Physical Examination

The history of injury is rarely helpful because the patient can seldom describe
the direction of the injuring force. 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. (Courtesy of Robert 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 ORIF.

mosis, swelling, and tenderness are assessed over the anteromedial and pos-
teromedial joint line and laterally over the entire length of the fibula. The con-
dition of the skin is noted. Frequently, the skin will be contused or even dam-
aged. Gentle manipulation of the ankle may show gross instability.

Ottawa Rules

A great number of ankle injuries are seen in emergency departments; only
about 15 to 20% of these are found to involve a fracture. Obviously the number

FIG. 25-7 SE-4 fracture with a large posterior tibial fragment that 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. (Courtesy
of Robert 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-
tion along the entire length of the fibula to look for a more proximal fracture),
(2) tenderness 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 Examination

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
corner 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 Techniques

Tomography, computed tomography (CT), magnetic resonance imaging
(MRI), and arthrography are rarely necessary in evaluating indirect fractures
of the ankle. These studies can be useful in evaluating a soft tissue injury, the
presence of bone comminution, or the location of an occult fracture.

Initial Management

Subluxations or frank dislocations are reduced by pulling in line with the de-
formity. The ankle is splinted, elevated, and iced. Excessive swelling, ecchy-
mosis, and blisters usually improve sufficiently with this regimen that surgery
can take place within 4 to 7 days.

While stable and undisplaced fractures can be treated conservatively by
splinting and discharge from the emergency department, more advanced le-
sions are splinted and the patients admitted for surgical treatment.

Associated Injuries

Associated injuries of neurovascular structures are rare, but they should be
ruled out with a careful focused examination of the extremity. Compartment
syndrome is occasionally associated with indirect fractures of the ankle; if it is
suspected on the basis of the clinical examination, compartment pressures
are measured.

Definitive Management

The decision on the definitive method of management depends on the evalu-
ation of the particular injury. The following factors must be considered.

Is the fracture stable? Even an undisplaced fracture can be inherently un-
stable. Probably the most deceiving lesion is a PE fracture of the fibula located
above syndesmosis that is usually undisplaced; it is accompanied by a rup-
ture of the deltoid ligament and the unstable syndesmosis, yet may look on the
radiographs like a simple fracture of the fibula. Casting, even a stress radi-
ograph, would be a waste, since the talus would inevitably displace in a cast.
On the other hand, an SE fracture of the fibula above syndesmosis can be stable,
as the medial side and the posterior tibiofibular complex might be intact. Stress
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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
complex 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 fixation. A larger posteromedial or posterolateral fragment
requires anatomic reduction and internal fixation.

A Wagstaffe—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
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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 talar 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 injury) 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.

Surgical 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 corner 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 fixa-
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 fragments of the fibula. Then a one-third semitubular neutralization
plate is attached posterolaterally to the fibula. Alternatively, antiglide fixa-
tion with a more posteriorly placed one-third semitubular plate can provide
a good stabilization.

Fixation of medial malleolar fractures. The medial malleolus is reduced 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 carefuly to avoid splitting it.
A single 4.0-mm cancelous screw, inserted over a guidewire, provides good
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fixation. The temptation of inserting two screws should be resisted, since ir-
reparable comminution of the small fragment can lead to unsatisfactory re-
duction and fixation. Instead, it is advisable to fix smaller fragments with a wire
tension band.

Deltoid ligament repair. When repair is indicated, it requires attachment to
the talus, where it is commonly detached, or to the medial malleolus, by pas-
sage of the sutures through the drill holes in the bone and by partially decor-
ticating the bone at the site of the attachment.

Fixation of the posterior fragments. Larger posteromedial or posterolateral
fragments require anatomic reduction and internal fixation. Depending on
their size, they can be fixed with a front-to-back lag screw after the fragment
is reduced by forced dorsiflexion (Fig. 25-9). Direct exposure and reduction
and internal fixation are also utilized in many cases. The stability of the distal
fibula at the syndesmosis is examined in the last step and handled as described
above.

Bone grafting. 1f bone grafting of an impacted medial or lateral plafond is
required, cancellous bone is obtained from the ipsilateral distal femur or the
tibia or an allograft or commercial bone substitute can be used. Careful as-
sessment of the reduction is paramount for avoiding articular incongruity and
preventing the development of posttraumatic osteoarthritis.

Postoperative management. A short leg splint is applied at the end of the
procedure and a short leg cast prior to discharge. At 2 weeks, the cast is taken

A B

FIG. 25-9 Fixation of 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 of the foot reduces the talus by pull of
the posterior capsule and remaining intact ligaments. C. A lag screw is inserted
over 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-
ment is 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 performed 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. During the procedure, radiographic imaging is
mandatory. Postoperatively and after casting, conventional radiographs are
obtained. When reduction is lost, the procedure is repeated during 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.

Complications

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 talofibular ligament is usually an isolated injury. (2) Simultaneous rupture
of all three collateral ligaments is rare, the posterior talofibular ligament being
the least vulnerable. (3) Rupture of the anterior talofibular ligament is usually
a complete, or grade III, 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 anterior talofibular ligament 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 talofibular 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.

Diagnosis and Initial 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 surface, with the sensation of a pop), the
immediate onset of pain, swelling, and difficulty in bearing or inability to bear
weight.

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. This
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.

Differential 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,
osteochondral fracture of the talar dome, lateral fracture of the talar 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 superficial 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 department 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.



372 HANDBOOK OF FRACTURES

Definitive Management

Functional treatment is desirable and is done in a manner proportionate 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 II sprain in an overweight middle-aged diabetic.

Functional treatment means the use of support (elastic anklet, air-filled
clamshell splint, prefabricated removable walking cast, or, rarely, a wrapped-
on fiberglass cast) that will allow the patient to bear weight as soon as possi-
ble with reasonable comfort. As the symptoms resolve, the encumbrance of
support diminishes and self-rehabilitation begins. Weight bearing is the sine
qua non of rehabilitation and is followed by active range-of-motion exercises,
double toe rises, light resistance exercises, and formal physical therapy with
proprioceptive reeducation, which always includes balancing-board exercises.
Long-term protection with an ankle lacer or pneumatic splint will be advisable
in certain situations, again depending on the activity level, stage and quality of
recovery, and body habitus and proprioceptive skills of the patient in question.
The author has yet to see a skateboarder or roller-park habitué who has re-
quired long-term support to return to his or her venue.

Primary ligamentous repair is rarely 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: (1) acute surgical repair will
prolong the initial recovery and confer no advantage with regard to stability
at follow-up when compared with functional treatment and (2) posttraumatic
arthrosis does not usually occur in patients with chronic lateral instability.

‘When operative repair is elected, the exposure is through an incision that par-
allels the peroneal tendons. The peroneal sheath is opened and the tendons are
retracted anteriorly to reach the posterior talofibular and calcaneofibular liga-
ments. The anterior talofibular ligament is the easiest to expose and repair.
Suture anchors or drill holes through bone are useful when the ligament 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. 25-10 Patient with recurrent inversion ankle sprains. A. Radiograph of
the ankle showing an ununited fracture of the lateral malleolus. B. 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 talofibular 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. Virkus ~ 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 have a severe impact on
the patient’s quality of life. Patients typically have 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. If 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 plantarflexion 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 primary 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 is vital in all cases of severe trauma to
an extremity. Particular attention should be paid to the thoracic and lumbar
spine, pelvis, and hips to make sure that there is no concomitant proximal in-
jury. The diagnosis of a plafond fracture is usually obvious on physical exam-
ination. The examination reveals swelling, ecchymosis, and often deformity
of the ankle. Open injuries are found in 12 to 56% of high-energy fractures
and 3 to 6% of low-energy fractures. It is important not to miss a small punc-
ture wound marking an open injury. Careful assessment of the condition of
the soft tissues (i.e., presence of fracture blisters) and neurovascular status must
be carried out. Examination of the skin for normal wrinkles, known as the
“wrinkle test,” will often serve to determine the level of swelling; the condition
of the skin in this regard should be noted for future comparison (Fig. 26-1).
Compartment syndrome is found in 0 to 5% of cases and must be ruled out,
especially in higher-energy injuries. Firm compartments, decreased sensation,
pain out of proportion, and pain with passive stretch are suggestive of com-
partment syndrome.

DIAGNOSTIC IMAGING

Initial imaging should consist of plain radiographs. Orthogonal images of the
ankle (anteroposterior and lateral) and entire tibia/fibula should be obtained.
A mortise view of the ankle is also useful. If operative intervention is antici-
pated, further imaging with computed tomography utilizing 2-mm sections
through the articular surface is highly recommended. These images can be ob-
tained either during the initial workup or preferably after placement of a span-
ning external fixator. Axial images are most helpful in defining the number and
size of fracture fragments and can help in preoperative planning (Fig. 26-2).
Sagittal, coronal, and three-dimensional reconstructions may also yield addi-
tional information about the fracture pattern.

CLASSIFICATION

Two classification systems are commonly used in describing fractures of the
tibial plafond. The Ruedi and Allgower classification was the first in com-
mon use. A type I fracture is a nondisplaced intraarticular fracture, a type II
fracture is a displaced intraarticular fracture with minimal or no comminution,
and a type III fracture is a comminuted fracture of the articular 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. 26-2 Radiologic evaluation of pilon fractures. A. A lateral radiograph
shows a simple pilon fracture with extension into the diaphysis. B. A closer view
shows a step-off at the fracture site. C. An axial CT of a more severe injury at the
plafond shows an anterior articular fracture, slightly comminuted. D. An axial CT
view shows extensive comminution of the plafond. Coronal (E) and sagittal (F) CT
reconstruction of the distal tibia clearly defines the morphology of the fracture.

metaphysis. Its use has recently diminished, and now the most commonly used
classification system is the one proposed by the Orthopedic Trauma Associa-
tion (OTA/AO) (Fig. 26-3). This system consists of three fracture categories:

Type A—extraarticular fracture

Type B—partial intraarticular fracture in which part of the articular surface
maintains attachment to the metaphysis and diaphysis of the tibia

Type C—complete articular fracture in which the entire articular surface is
separated from the metaphysis and/or diaphysis of the tibia

Each category is then further divided into three fracture groups:

Type 1—minimal or no comminution
Type 2—minimal articular comminution with severe metaphyseal comminution
Type 3—severe comminution of the articular surface and metaphysis

The above groups in each category are then further divided into three sub-
types.

Overall there are 27 fracture types of the distal tibia. The purpose of so many
subtypes is to allow accurate classification of the fractures and to facilitate
meaningful research on these difficult injuries. For general practice, it is use-
ful to simplify the classification to a fracture involving the entire articular sur-
face (type C), part of the articular surface (type B), or not involving the articu-
lar surface (type A). Adding a digit (1 to 3) to this letter indicates an increasing
degree of fracture comminution. For example, an A3 fracture is a severely com-
minuted fracture of the metaphysis with no articular fracture. A C1 fracture is a
simple fracture dividing the entire articular surface into two or three fragments.
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Classification of Pilon Fractures

FIG. 26-3 OTA/AQ classification of pilon fractures.

The additional subtypes do not have a role in the day-to-day use of this classi-
fication system.

INITIAL MANAGEMENT

After the history and physical examination, radiographs should be obtained
promptly. After radiographic confirmation of the injury, the extremity should
be placed in a well-padded splint, iced, and elevated to reduce pain and pre-
vent further soft tissue injury. Open injuries should be assessed, large debris
removed, and a sterile saline or povidone-iodine dressing applied. Appropri-
ate antibiotics and tetanus prophylaxis should be administered. If an open in-
jury is present, formal operative debridement should also be accomplished dur-
ing this initial procedure and should be undertaken in a timely manner (within
less than 6 h). Provisional reduction of articular fragments can be accomplished
through the open wound if contamination is not severe. Fracture fragments vis-
ible through the wound or its extension are manipulated with Kirschner wires
or sharp picks and then held in place with lag screws or wires. Hardware should
not be placed if a clean wound bed is not achieved. If traumatic wounds can-
not be closed, placement of an antibiotic bead pouch can decrease the rate of in-
fection and prevent desiccation of exposed tendons and neurovascular struc-
tures. This is performed by placing polymethylmethacrylate beads that are
mixed with antibiotics over the wound and covering them with an adhesive
dressing, such as Ioban. The fluid that collects under the dressing then has a
very high antibiotic concentration. If definitive treatment is to be deferred un-
til swelling diminishes, provisional length should be obtained as described in
the section on staged open reduction and internal fixation (ORIF), below.

DEFINITIVE TREATMENT OPTIONS

After the initial management described above, a definitive management plan
should be determined. The treatment plan should include 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.

Nonoperative Treatment

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 A1) 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:

1. 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 determining 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-
mal 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 external fixators used to protect the articular sur-
face and stabilize the metaphysis until healing occurs, at which time they are
removed so that ankle motion can begin. Monolateral fixators are usually
placed medially, with pins in the calcaneus and talus connected to pins in the
tibia. Delta frames have pins that traverse the calcaneus, protruding medially
and laterally, that connect to pins in the tibia to make a triangle. These may
be more stable than monolateral fixators in preventing varus and valgus an-
gulation of the distal tibia (Fig. 26-4). The potential disadvantage of both of
these fixator constructs is that the ankle is immobilized until they are removed.
The advantage 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
tensioned thin wires attached to more standard pin clamps and half pins. The
main difference between these two fixators is that the hybrid can be slightly
easier to apply, while in some cases a properly constructed Ilizarov frame
can permit full weight bearing. In most pilon fractures, the use of thin-wire
ring fixators is usually necessary to avoid spanning the ankle joint. Reduction
of the articular surface must be obtained prior to insertion of the wires to be at-
tached to the fixator. When wires are placed, the first wire is driven medial to
lateral, parallel to the joint line. The wire should be a minimum of 2 cm from
the joint line to avoid being intracapsular. A second wire with a bead or olive
is driven from posterolateral to anteromedial through or anterior to the fibula.
The bead prevents sliding of the distal tibial segment along the wires. The
third wire is inserted just anterior to the posterior tibial tendon in the medial
malleolus. Additional wires or anterior half pins can be added for stability.
The wires are then tensioned 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 bars are tightened.

The advantage of this approach is limited stripping of open wounds and soft
tissue without sacrificing reduction of the articular surface. Disadvantages
include pin-tract infections (about 20%); malalignment, requiring adjustment
of the fixator (10 to 15%); and delayed motion in cases where the ankle joint is
spanned. Final range of motion has been shown in several series not to differ
statistically from ORIF or nonspanning external fixation.

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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Plating the Fibula

Plating of the fibula as part of the treatment of pilon fractures is controversial.
Some authors advocate this procedure in the acute period to help maintain
length and provisionally reduce the fracture fragments through the soft tissue
attachments to the tibia. A trend toward 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 rates of wound complications, and studies
have shown equivalent clinical and radiographic results regardless of whether
or not the fibula is plated acutely. Additionally, plating of the fibula can lead
to varus alignment of the ankle joint if anatomic length of the tibia is not main-
tained until healing. Occasionally, the decision to plate the fibula will depend
on whether a plate or external fixator will be used to stabilize the metaphyseal
fracture. If external fixation is anticipated, it is often advantageous to allow
mild shortening through the fibula, because it can be very difficult to maintain
anatomic 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 cm from the anticipated site of future incisions.
This often means shifting the lateral incision more posterior if a standard an-
teromedial approach is anticipated for ORIF. Additionally, an anatomic re-
duction is essential if plating of the fibula is performed. Nonanatomic reduction
of the fibula will hamper anatomic reduction of the distal tibia when definitive
fixation is undertaken.

Staged (Formal) ORIF

Formal ORIF is an excellent treatment method in cases where the soft tissue
envelope permits. It can be used in nearly all fracture types (OTA A, B, and
C). It allows early ankle motion and avoids the problems of pin-tract infections
and bulky fixators. Definitive open reduction and fixation should be avoided in
the immediate injury period due to a high incidence of complications when
carried out in the acute setting. Complications occur in up to 50% of cases
when ORIF is carried out before 5 days postinjury. A delay of 7 to 21 days has
been shown to significantly decrease complications. However, to delay formal
ORIF without reestablishing anatomic length acutely can make reduction of
the anatomic joint and metaphysis very difficult. Therefore most staged pro-
tocols involve some method of early reestablishment of length, making use
of ligamentotaxis for provisional reduction. This serves to make fracture fix-
ation easier and speeds the recovery of the soft tissues by decreasing the out-
ward pressure from underlying fracture fragments.

Reestablishment of the length of the tibia and fibula should be accomplished
with the use of calcaneal traction (10 1b), placement of a spanning external fix-
ator (Fig. 26-5), plating of the fibula, or a combination of these methods.

FIG. 26-5 Simple spanning external fixator.
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When placing either traction or external fixation pins, care should be taken to
stay clear of anticipated incisions that will be needed during the final recon-
struction. Subsequently, the condition of the soft tissue is monitored while
the extremity is elevated. The appearance of a wrinkle sign signals a decrease
in swelling and is a prerequisite before attempting definitive fixation. Incisions
through blisters should be avoided unless they are fully epithelialized.

Once soft tissue swelling has resolved, formal open reduction and internal
fixation of the pilon fracture is undertaken. Classically, this follows these
standard steps:

1. ORIF of the fibula

2. Anatomic reduction and stable fixation of the articular surface

3. Reduction and fixation of the articular segment to the metaphyseal/dia-
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.

Surgical Approaches

The approach to formal ORIF is dictated by the fracture lines. In most cases, the
fracture line exiting the tibia anteriorly is entered, allowing separation of the ad-
jacent fragments and reduction of the depressed joint fragments. Care must be
taken, however, to ensure an adequate skin bridge of at least 7 cm if two inci-
sions are used, and soft tissue stripping should be minimized. CT scans are very
helpful in determining where these fracture lines exist, and which approach will
offer the best exposure for joint reduction. The traditional exposure is via the
anteromedial approach, which is medial to the tendon of the tibialis anterior,
just lateral to the tibial crest (Fig. 26-6). However, when the fracture line exiting
anteriorly is more lateral, an anterolateral incision between the extensor digi-
torum and the peroneus tertius is utilized. A posteromedial approach posterior
to the flexor digitorum longus may be useful when there is a large posteromedial
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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 condition of the local skin.

fragment. Last, a posterolateral approach that exposes both the tibia and fibula
by anterior retraction of the peroneal tendons, allowing plating of the fibula and
reduction of the posterolateral tibia through the same incision, can be helpful.

Once the ideal approach is determined, the operation is best begun with plat-
ing of the fibula if this has not yet been done. Then the articular surface is re-
constructed through the chosen approach. Provisional reduction is maintained
with Kirschner wires and lag screws. The articular surface is then secured to the
metaphyseal segment with a plate applied either anteriorly or medially, de-
pending on the fracture pattern (Fig. 26-7). Implants of small-fragment caliber
are preferable to large-fragment implants. It is critical that mechanical align-
ment and rotation be established. If a metaphyseal defect results, it is grafted
with cancellous bone or bone-graft substitute.

Percutaneous Plating

Percutaneous plating is a relatively new technique for treating pilon fractures.
It is particularly useful in extraarticular fractures (OTA Al to A3) and simple
complete articular fractures (OTA C1). In this method, the articular reduction
is obtained via closed or percutaneous reduction and fixation. The articular seg-
ment is then placed in the correct orientation in relation to the proximal tibia
and secured by an anteromedial plate that is passed subcutaneously under the
skin, just superficial to the periosteum of the tibia (Fig. 26-8). Screws are placed
proximal and distal to the fracture, which is being held in proper alignment as
confirmed by fluoroscopy. In most cases, the accompanying fibular fracture is
also plated. Soft tissue swelling must still be sufficiently diminished prior to
proceeding. This technique has the advantage of allowing early ankle motion
and avoiding large incisions that may break down. The disadvantages are that
reduction must be obtained indirectly, without visualizing the metaphyseal por-
tion of the fracture. Therefore the surgeon must be comfortable with indirect re-
duction techniques and assessing the reduction radiographically.

TREATMENT DECISIONS

Treatment decisions in pilon fractures depend on many variables, including the
osseous injury, soft tissue swelling, the patient’s general medical and social sta-
tus, and the surgeon’s experience in treating these fractures. The method of
treatment should be decided on a case-by-case basis. Early results of ORIF
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FIG. 26-8 Postoperative radiograph and surgical incisions following percu-
taneous plating.

were good in the low-energy injuries for which they were first described. When
these methods were applied to higher-energy injuries, the complication rate
increased and the good results decreased. This has led to an evolution of treat-
ment that now includes the range of methods described above. Regardless of
the method chosen, careful evaluation of the soft tissue envelope and thought-
ful preoperative planning are important. If the fracture is three or four large
fragments, the soft tissue swelling is minimal, and the patient has no medical
risk, formal ORIF is an excellent option. If the fracture is in many small frag-
ments, the soft tissue injury is severe, or the patient has significant risk fac-
tors, a more conservative approach of external fixation with limited ORIF is of-
ten a better choice. External fixation with limited internal fixation has a much
lower rate of the severe complications that can lead to significant morbidity or
even amputation. Cases in which an acceptable reduction can be obtained with
closed or limited open methods may be amenable to a percutaneous plating
technique, which can avoid some of the disadvantages of external fixation.

Postoperative Management

Regardless of the treatment method chosen, postoperative management must
focus on edema control, wound healing, and early motion when possible. The
patient should be immobilized in a bulky postoperative splint and avoid
weight bearing. Protection should continue with a cam walker boot, splint, or
short leg cast once the wound has healed. Patients with external fixators should
be instructed on proper pin care and methods to avoid equinus contracture of
the ankle. Patients are maintained without weight bearing on the involved ex-
tremity until early fracture healing in the form of bridging callus is apparent on
radiographs. Most surgeons will not allow full weight bearing on articular
fractures for 12 weeks.

Complications

Wound Breakdown/Infection

Although quite common in earlier reported series, the incidence of this com-
plication has significantly decreased with staged protocols. Rates of deep in-
fection range from O to 5%. Slightly higher rates of infection 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 unaffected by the type of treatment. 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

Enes 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 Il is dis-
placed with subluxation or dislocation of the talocalcaneal articulation. Type
IIT is displaced with a talocalcaneal and a talotibial dislocation. Type IV is a
type III 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 O to 13% in type I fractures to 100% in type III and IV
fractures, even with early accurate reduction and stable fixation.

Some 15 to 20% of talar fractures involve only the talar 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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FIG. 27-1 Hawkins classification of talar neck fractures.

Osteochondral fractures involve the lateral side of the talar dome and are
usually traumatic in origin. They are associated with 0.9 to 6.5% of acute an-
kle sprains. Similar lesions on the medial side may be degenerative in origin.

Diagnosis and Initial Management
History and Physical Examination

There is pain distal to the ankle in the hindfoot. There is obvious deformity
in cases of talocalcaneal dislocation. Open wounds and skin tented over bone,
which put the patient at risk for pressure necrosis, are noted. The neurovas-
cular status distal to the injury is assessed.

Diagnostic Measures

Anteroposterior, lateral, and modified anteroposterior x-rays (described by
Canale and Kelly, with 15 degrees of foot inversion and the x-ray beam aim-
ing cranial at an angle of 75 degrees) are adequate to evaluate fractures of the
talar neck and body and talocalcaneal dislocation. Lateral process fractures are
best seen on a mortise view with foot in plantarflexion. Computed tomography
(CT) should be obtained whenever possible in order to evaluate better the
presence of comminution and lateral and posterior process fractures. The pres-
ence of osteochondral fragments in the talocalcaneal articulation and carti-
lage quality are best determined by magnetic resonance imaging (MRI).

The earliest signs of avascular necrosis are radiographic. The Hawkins sign
is the appearance of a radiolucent line below the subchondral bone of the ta-
lar dome. This sign is best seen on a mortise view and appears between 6 and
8 weeks after injury. The Hawkins sign is due to resorption of subchondral
bone, and its presence indicates the preservation of the main blood supply;
its absence, however, does not necessarily mean that avascular necrosis will
occur. Diffuse sclerosis of the talar body after 3 to 6 months is a more posi-
tive predictor of avascular necrosis. MRI is helpful where there is no hardware
or if titanium implants have been used.

Initial Management

Fractures without significant displacement and without an associated disloca-
tion are splinted and iced. If there is displacement or a dislocation, early re-
duction will lessen the risk of soft tissue necrosis and possibly prevent fur-
ther vascular damage.

Closed reduction is attempted in the emergency department. If unsuccess-
ful, open reduction is indicated. Closed reduction of talar neck fractures with
subtalar subluxation (type II) is accomplished with the knee in flexion, relaxing



388 HANDBOOK OF FRACTURES

the gastrocnemius, gentle plantarflexion of the foot, and traction to the heel.
Supination or pronation of the heel to increase the deformity and then to re-
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 treated in the operating room as soon as possible with
irrigation and debridement, reduction, and fixation tailored to the amount of
soft tissue injury. Minimally damaged soft tissues allow for treatment as in
closed injuries (including plate fixation and primary bone grafting). When
there are soft tissue defects, the wound must be left open (‘“vacuum” dress-
ings), with external fixation and additional plastic reconstructive procedures.

Associated Injuries

Fracture of the head of the talus indicates injury to the Chopart joint; therefore
the calcaneocuboid joint must also be examined.

Neurovascular injuries are rare even in cases where the talar body was ex-
pulsed posteromedially and are ruled out with a careful examination.

Definitive Management

Nondisplaced fractures (type I, confirmed by CT) are managed nonopera-
tively with a non-weight-bearing short leg cast until the fracture heals, usually
6 to 10 weeks. Radiographs obtained weekly for the first 3 weeks determine
whether displacement of the fragments has occurred.

Displaced fractures (types II to IV) are managed with open reduction and in-
ternal fixation (Fig. 27-2). Varus malunion due to shortening on the medial side
because of comminution will lead to shortening of the medial arch and varus de-
formity of the hindfoot; this will cause weight bearing mostly on the lateral
side of the foot, with consequent foot pain and local callosities. That is why it

FIG. 27-2 Talar fractures and their treatment. A. Hawkins type Il fracture with
a displaced fracture of the talar neck and subtalar subluxation. B. Hawkins type
Il fracture with comminution and a large extruded fragment. C. Posterolateral-
anteromedial 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 interfragmentary 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 surgery and reliable fixation (plate) (Fig. 27-2D 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 subtalar 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-mm 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 talar 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 talar 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 talar 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 (arrow). B. CT scan shows a small fragment, which can be excised.

and drilling of their bed. Postoperatively, avoidance of weight bearing is main-
tained until healing has been demonstrated radiographically. Alternatively,
these injuries can be approached arthroscopically.

Complications

Complications of fractures of the talus are avascular necrosis, nonunion, and
posttraumatic arthritis.

Avascular necrosis of the body of the talus is the complication that occurs
following fractures and dislocations of the talus. It is most likely to occur fol-
lowing a displaced fracture of the talar neck or body. If subchondral resorption
in the talar dome does not appear on radiographs (negative Hawkins sign}
after 6 weeks, avascular necrosis is suspected. Diffuse sclerosis of talar body
on radiographs 3 to 6 months after the injury confirms the diagnosis. Patients
are allowed to bear weight after the fracture heals at 10 to 16 weeks. The
revascularization process can take up to 3 years, and prolonged avoidance of
weight bearing has not proven to make a significant difference in outcome.
Slow collapse of the talar body and development of the posttrauamic arthritis
are accompanied by significant pain with weight bearing. Talocrural arthrode-
sis is a definitive procedure that will give significant relief of pain and improve
ambulation, although 1 to 2 in. of shortening usually occurs due to resection of
the necrotic talar bone.

Posttraumatic arthritis of the subtalar joint is yet another complication
of talar fractures. Patients complain of pain with walking on uneven ground.
Pain on supination-inversion and pronation-eversion of the subtalar joint and
a decreased range of motion are usually diagnostic. The diagnosis is confirmed
by CT. It is important to identify accurately the symptomatic joints by selec-
tive injections of local anesthetic, as the talonavicular and calcaneocuboid
joints can also be involved. Initial management is conservative, with anti-
inflammatory medications and local injections of steroids. If this fails, subta-
lar arthrodesis is indicated. Triple arthrodesis is recommended if the cal-
caneal cuboid and talonavicular joints are involved. If the ankle and subtalar
joints are involved, pantalar arthrodesis may be necessary. Retrograde nail-
ing of both joints by inserting an intramedullary nail from the calcaneus
through the talus and into the tibia is a surgical option.

Varus malunion is reported as a frequent complication due to an inade-
quate reduction 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 DISLOCATION

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 multiaxial joint. Forty
degrees of supination and pronation occur through the subtalar joint. The an-
kle and subtalar joints function together as a universal 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%) and 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.

Diagnosis and Initial 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 talar head is prominent.
Medial dislocations have the calcaneus lying medial to the talus and 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. B. Anatomic
reduction following closed reduction.

maneuver is axial traction and deformity accentuation followed by reversal. In
addition, the head of the talus is relocated with digital pressure. Some subta-
lar dislocations cannot be reduced by closed means. Repeated forceful at-
tempts at closed reduction are not indicated and may jeopardize the viability
of the skin over the head of the talus. If reduction is accomplished, a well-
padded splint is applied with the ankle in a neutral position.

Associated Injuries

Fracture of the neck of the talus and intraarticular osteochondral fractures of
the talus and calcaneus are frequently associated with subtalar dislocations.
Talar neck fractures are ruled out by assessment of the lateral radiograph of the
foot. The presence of intraarticular osteochondral fragments is determined
with coronal CT through the talocalcaneal articulation.

Definitive Management

The goal of management is a congruous reduction. If this is obtained with closed
reduction and the skin is viable, a short leg cast is applied. The patient is main-
tained without weight bearing for 4 weeks. Skin necrosis precludes casting.

In cases where a closed reduction cannot be accomplished, open reduction is
performed. The most common obstacle to reduction of medial dislocations is
“buttonholing” of the talar head through soft tissue anteriorly (the extensor reti-
naculum, extensor digitorum brevis, talonavicular ligament, and joint cap-
sule). The most common cause of irreducible lateral dislocation is displacement
of the posterior tibial tendon inferior to the neck of the talus. Occasionally, frac-
tures of the head of the talus or interposed osteochondral fragments may block
reduction. The surgical exposure for open reduction is through a longitudinal
skin incision over the head of the talus. Interposed soft tissue is identified and
incised or retracted, and osteochondral fragments are removed. If the poste-
rior tibial tendon is disrupted, it is repaired after reduction. The joint is then
inherently stable. The foot is immobilized in a short leg cast, and weight bear-
ing is avoided for 4 weeks. If the injury is open, an external fixator is used in
place of a cast.

In cases of open pantalar dislocation, if the wound is not highly contaminated,
the talus should be put back and fixed to the tibia and navicular. Another op-
tion is to do a primary tibiocalcaneal fusion using an intramedullary 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 cm 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 cm of ten-
don glide. The blood supply to the tendon is provided by many branches; these
penetrate the paratenon, particularly anteriorly. Decrease in the number of these
branches with age and repeated microtrauma can lead to degenerative and in-
flammatory changes in the tendon, most pronounced at about 4 to 6 cm above
the insertion, where the tendon is most vulnerable to rupture.

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 Initial 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 ruptured, there is no response.

Radiographic Examination

Radiographic examination has little to offer, though an MRI can be diagnos-
tic in situations where the physical findings are difficult to interpret.

Definitive Management

The treatment of acute Achilles tendon rupture is controversial, because ex-
cellent 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 plantarflexion 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-mm polyester suture passed trans-
versely through the tendon approximately 3 cm proximal to the disruption.
The suture is then looped proximal to the transverse limb and distally out the
torn 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 additional 4 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.

Complications

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 VAC (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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ferior surface of the talus. It lies in the sinus tarsi and is the primary stabilizer
of the talocalcaneal articulation. The sustentaculum tali is on the medial side
of the calcaneus. On its superior aspect is the middle facet, and on its inferior
surface is the groove for the tendon of the flexor hallucis longus. Anterolater-
ally, the calcaneus articulates with the cuboid.

The posterior portion of the body of the calcaneus is the tuberosity that
serves for insertion of the Achilles tendon. The plantar fascia and the small
muscles of the foot originate from the plantar surface of the calcaneus. The an-
terior process is the origin of the bifurcate ligament, which runs to the cuboid
and navicular, stabilizing the midfoot.

Classification

Fractures of the calcaneus are broadly classified as intraarticular (75%) or
extraarticular (25%). Intraarticular fractures involve the posterior facet. Ex-
traarticular fractures involve the tuberosity, sustentaculum tali, and anterior
process. In addition to being fractured, the calcaneus is occasionally dislocated.

Intraarticular fractures of the calcaneus are caused by axial loading of
the talus, which is driven into the calcaneus. The talus acts as a wedge, pro-
ducing the primary fracture. This fracture is in the sagittal plane, starting at
the anterolateral wall and continuing posteriorly and medially through the pos-
terior facet to the medial wall of the calcaneus. The primary fracture divides the
calcaneus into an anterior medial half and a posterior lateral half. If the force
of the axial load is not dissipated, the impact of the talus produces a compres-
sion fracture of the lateral portion of the posterior facet. There are variations
of this basic fracture pattern due to the position of the foot (e.g., supination of
the foot medializes the primary fracture, pronation lateralizes it, plantarflexion
results in a tongue-type fracture, and dorsiflexion results in a joint depression
fracture (Fig. 27-5).

The therapeutically and prognostically most useful classification is based on
CT evaluation of posterior facet involvement, as described by Sanders and
coauthors (Fig 27-6). Fractures are grouped into nondisplaced, type I (non-
operative treatment); displaced (types II and III, two and three fragments, re-
construction possible); and comminuted (type IV, four or more fragments).
Excellent and good results after surgical repair occurred in 73 and 70% for
types II and III, and only in 9% for type IV fractures.

Extraarticular fractures of the calcaneus are caused by axial loading or by
the avulsion of bony insertions and origins of ligaments and tendons. Isolated
fractures of the tuberosity of the calcaneus are caused by direct impact or avul-
sion of the tendo-Achilles insertion. Fractures due to direct impact are mini-
mally displaced; the plane of the fracture is sagittal. Avulsion fractures of the
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FIG. 27-5 Calcaneal fractures. A. Tongue type. B. Depression type.
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FIG. 27-6 Primary fracture lines across the posterior facet of the calcaneus
(Sanders).

Achilles tendon are displaced; the plane of the fracture is horizontal, and this
injury occurs mainly in osteoporotic 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.
Anterior process fractures are an avulsion of the origin of the bifurcate liga-
ment caused by forefoot adduction and inversion. Dislocations of the calca-
neus are extremely rare. There is usually a fracture of the calcaneus or cuboid
at the calcaneocuboid articulation.

Diagnosis and Initial Management
History and Physical Examination

There is a history of an impact often caused by a fall or a twisting injury. Pain
is localized to the hindfoot. When the foot is seen shortly after injury, prior to
diffuse swelling, the exact location of the fracture can be determined by gentle
palpation. Fracture of the sustentaculum tali is indicated by painful passive mo-
tion of the great toe (the flexor hallucis longus runs beneath the sustentaculum).
An avulsion fracture of the tendo-Achilles is indicated by weakness of plantar-
flexion of the ankle. Loss of plantarflexion is not complete because the peroneal
and posterior tibial muscles are intact.

Radiographic Examination

The radiographic projections helpful in the evaluation of calcaneal fractures are
the lateral, oblique, axial, and Broden views. The lateral projection is the most
helpful and is diagnostic of posterior facet depression and tuberosity avulsion.
The Bohler tuber angle (Fig. 27-7), and the crucial angle of Gissane, which
indicate the extent of displacement and angulation, are determined on the lat-
eral view. The loss of parallelism of the articular surface of the posterior facet
of the calcaneus and of the talus is also determined on the lateral view.

The oblique view is useful to assess the presence of a fracture of the ante-
rior process of the calcaneus and to determine whether there is involvement of
the calcaneal cuboid articulation.

The axial view, or Harris, or jumper’s view, is obtained by placing the foot
on the cassette with the ankle dorsiflexed and the tube directed 30 degrees



27 FRACTURES AND INJURIES OF THE FOOT 397

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 posterior
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.

proximally. The axial view is useful in evaluating the tuberosity, the susten-
taculum tali, and axial shortening.

The Broden views are used to assess the posterior and middle facets. For
these views, lateral radiographs are obtained, with the foot passively dorsi-
flexed, supinated, and internally rotated, while the beam is centered on the
sinus tarsi from different angles.

If the patient is active and healthy, in order to assess fully the injury and
indication for surgery, it is necessary to obtain a CT scan. Semicoronal CT at
30 degrees (gantry perpendicular to inferior talar articulation) will allow for
evaluation of the posterior calcaneal facet (position and number of fracture
lines) and integrity of the tuberosity (Fig. 27-8A).

Axial scans in the plane of the foot will present the position of the tuberosity,
a fracture location on medial wall, comminution and shortening, as well as the
sustentaculum tali, anterior calcaneus, and calcaneocuboid joint (Fig 27-8B).

This information is necessary for preoperative surgical planning.

Initial Management

Initially a splint is applied. Ice and elevation will help to reduce the swelling.

FIG. 27-8 CT scans of calcaneal fractures. A. Semicoronal view shows a
comminuted three-fragment fracture of the posterior facet (Sanders Ill). B. Axial
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 10 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 I'V (four or more pieces of posterior
facet), in healthy individuals should be managed by primary subtalar arthrode-
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FIG. 27-9 Surgical treatment. A. Depression-type calcaneal fracture with a
Bohler angle of 4 degrees. B. Reduced fracture that was fixed with an anatomic
reconstruction-type Y plate. C. An intraoperative lateral radiograph shows a
very comminuted fracture (Fig. 27-8), reduced and in good alignment, and frac-
tures fixed with locking plates and screws.

sis, which is more effective and technically easier to perform than later recon-
struction of malunited bone and scar tissues.

Occasionally, tongue-type fractures can be reduced and stabilized with the
Essex—Lopresti percutaneous method (Fig. 27-10) by driving a large pin into
the tongue fragment from posterior to anterior. The tongue fragment is then

FIG. 27-10 Essex-Lopresti method of reduction and fixation of a tongue-type
calcaneal fracture. A. Initial radiograph. B. 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 usually 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.

Complications

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 bone 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 decompressed by removing a portion of the displaced lateral
wall of the calcaneus.

INJURIES OF THE MIDFOOT

Injuries of the midfoot include fractures and dislocations of the navicular,
cuneiform, and cuboid bones and dislocations of the Chopart joint.

The talonavicular and calcaneocuboid joints form a functional transverse
tarsal joint (Chopart joint) (Fig. 27-11) that is mobile during the foot’s flat
gait phase and locked (inverted heel) during the toe-off phase, allowing for ef-
fective transfer of propulsive forces. Talonavicular and cuboidometatarsal
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 done with the calcaneus
slightly pronated, providing for more flexibility.

The navicular articulates with the head of the talus and the three cuneiform
bones. The posterior tibial tendon inserts on the tubercle of the navicular,
supporting the medial longitudinal arch.

The bones of the foot form longitudinal and transverse arches. The longi-
tudinal arch is higher medially than laterally. The medial segment (talus, navic-
ular, cuneiforms, and first, second, and third metatarsals) is the dynamic por-
tion of the foot and flattens during weight bearing. The lateral segment
(calcaneus, cuboid, and fourth and fifth metatarsals) is flatter, more rigid, and
contacts the ground first during weight bearing. The transverse arch is formed by
the shape of the tarsals and bases of the metatarsals, which are broader on the
dorsal than the plantar aspect, forming a stable “Roman arch.” The bones of
the foot are connected by fibrous structures (e.g., the plantar fascia), intrinsic
muscles, and extrinsic muscles. The muscles and the tensioned plantar fascia act
as a “tie” at the base of the longitudinal arch, which prevents it from flattening
during weight bearing.

Classification

There are three types of fractures of the tarsal navicular: dorsal chip fractures,
fractures of the tuberosity, and fractures of the body of the navicular. The
dorsal chip fracture, the most common type of navicular fracture, is a capsular
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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.

Chopart 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.

Diagnosis and Initial 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-
ternum, an accessory ossicle. Distinguishing features are that the os tibiale ex-
ternum 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 Injuries

There are no specific injuries associated with injuries of the midfoot.

Definitive 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 additional 2 weeks. Displaced fractures of the navicular are
managed with open reduction and internal fixation. The surgical exposure is



27 FRACTURES AND INJURIES OF THE FOOT 403

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.

Complications

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 lateral four metatarsal bases have strong interosseous ligaments. In place
of the interosseous ligament between the first and second metatarsal bases
there is the Lisfranc ligament, connecting the medial cuneiform and the base
of the second metatarsal. Because of this structural anatomy, dislocations of
the Lisfranc joint are frequently limited to the lateral side (i.e., second through
fifth metatarsals) or the medial side (i.e., first metatarsal).

The metatarsophalangeal joints function as hinge joints to tension the
plantar aponeurosis.

The interphalangeal joints are hinge joints. They actively flex but extend
actively only to neutral.

Classification

The mechanism of injury of the Lisfranc dislocation is hyperextension. Lis-
franc dislocations are classified into one of three groups: total incongruity,
partial incongruity, and divergent (Fig. 27-12). Total incongruity (type I) is
characterized by involvement of the entire joint and displacement in one di-
rection (usually laterally). Partial incongruity (type II) is characterized by
involvement of only part of the joint, usually either the first metatarsal or the
second through fifth metatarsals. This break between the first and second
metatarsals occurs because there is no stabilizing ligament between their bases,
as there is between the bases of the other metatarsals. Divergent dislocations
(type III) are characterized by involvement of the entire joint. Displacement is
in two directions (usually the first metatarsal is displaced medially and the
second through fifth metatarsals laterally).

Metatarsal fractures are classified as traumatic or stress fractures. Two
types of traumatic fractures bear special mention: the Jones’s fracture and
avulsion fractures of the base of the fifth metatarsal. The Jones’s fracture is
a transverse fracture of the fifth metatarsal at the junction of the proximal
metaphysis and diaphysis and has characteristics of a stress fracture in that it
may initially be incomplete, involving only the lateral cortex of the metatarsal.
Jones’s fractures frequently fail to heal when managed nonoperatively. Avul-
sion fractures of the base (tuberosity) of the fifth metatarsal are caused
by the lateral cord of plantar aponeurosis rather than by the peroneus brevis.
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FIG. 27-12 Total (A), partial (B), and divergent (C) incongruities at a Lisfranc
joint.
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This fracture is distinguished from the Jones’s fracture by its metaphyseal lo-
cation and its tendency to heal when managed with immobilization.
Fractures of the phalanges are classified as intraarticular, extraarticular, or
tuft fractures.
Dislocations of the metatarsal phalangeal and interphalangeal joints
are classified, according to the direction of displacement, as dorsal or volar.

Diagnosis and Initial Management
History and Physical Examination

The patient complains of pain localized to the injured structure. The dorsum of
the forefoot quickly becomes swollen and ecchymotic. Shortening of the fore-
foot indicates an unreduced Lisfranc dislocation or displaced fractures of all
five metatarsals. Apparent hyperflexion or hyperextension of a metatarsopha-
langeal or interphalangeal joint indicates dislocation.

Radiographic Examination

Anteroposterior, oblique, and lateral radiographs are obtained.

The medial border of the second and fourth metatarsals should align with the
medial border of the middle cuneiform and cuboid. A fracture of the base of the
second metatarsal indicates that the Lisfranc joint is disrupted. Loss of congruity
between articular surfaces and double densities (i.e., one articular surface su-
perimposed on another) indicates subluxation. Dorsal subluxation of the second
metatarsal base on the lateral view signifies Lisfranc ligament rupture (Fig.
27-13).

If there is no obvious displacement on non-weight-bearing x-rays, then
weight bearing as tolerated is permitted after a week or two. Repeat radiographs
should be obtained within 7 to 14 days if symptoms warrant. Any dorsal sub-
luxation of the metatarsal bases, displacement of 2 mm between bones, or more
than 15 degrees of angulation of any joint articulation should be corrected sur-
gically. Forefoot abduction and adduction stress radiographs with anesthesia
may help make the final determination about Lisfranc joint stability.

FIG. 27-13 Anterposterior (A) and lateral (B) radiographs of partial Lisfranc
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 scan will show occult fractures and a bone scan will help diagnose
stress fractures of the metatarsals prior to their radiographic appearance.

Initial Management

Initial management consists of alignment of severely displaced fractures, re-
duction of dislocations, immobilization, elevation, and ice.

Dislocations of the Lisfranc joint with an absent dorsalis pedis or posterior
tibial pulse or compromised overlying skin are reduced immediately as emer-
gencies. General anesthesia is administered, and axial traction is applied to the
involved rays by suspending the foot by the toes with finger traps. Inability
to obtain a closed reduction is an indication for immediate open reduction.

Associated Injuries

Significant foot swelling, disproportionate pain, lost two-point discrimination,
and pain made worse by passive toe motion are the cardinal signs of compart-
ment syndrome. The diagnosis is confirmed by measuring the compartment
pressures and finding an elevation greater than 30 mmHg or a difference of less
than 30 mmHg between the diastolic pressure and the compartment pressure.
Management is surgical release of the four dorsal osseofascial spaces and the
five plantar and deep adductor compartments.

Involved compartments are released through incisions in the second and
fourth webspaces dorsally and a separate medial incision. It is crucial to do
this in a timely manner, as irreversible damage (after 12 h) will cause con-
tractures, pain, scarring, and nerve dysfunction.

Definitive Management

The definitive management of a Lisfranc dislocation is reduction and stabi-
lization with pins or screws (Fig. 27-14). We prefer open reduction because
we have been impressed by the amount of displacement and comminution that
is routinely present. Longitudinal incisions parallel to the second and fourth
metatarsals will allow good access to the whole joint. Medial tarsometatarsal
joints are cleaned and transfixed with screws and the cuboidometatarsal joints
with Kirschner wires (removed after 6 to 10 weeks to preserve mobility). Lis-
franc injuries that are not treated during the first 6 to 8 weeks require first-to-
third tarsometatarsal joint arthrodesis and resection hemiarthroplasty of the
fourth and fifth tarsometatarsal 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 first metatarsal bears the most weight and must be anatomically re-
duced and fixed, usually with plates. Isolated fractures of the lesser metatarsal
with displacement of more than 3 mm and sagittal-plane angulation of more
than 10 degrees require surgery. Multiple metatarsal fractures indicate insta-
bility and should be fixed with intramedullary Kirschner wires (antegrade
through the distal fragment and the base of the proximal phalanx and then re-
aligned with the proximal fragment and pinned retrograde).

Metaphyseal-diaphyseal junction fractures of the fifth metatarsal base have
a tenuous blood supply and a poor tendency to heal (dancer’s or Jones’s frac-
ture (Fig. 27-15). These fractures are treated with a non-weight-bearing cast
for 6 weeks and with cast-protected weight bearing for an additional 6 weeks.
If healing is delayed, an intramedullary screw with bone grafting is indicated.

Athletes can have primary screw fixation in order to return to their sport
sooner. Minimally displaced avulsion fractures of the fifth metatarsal base
are treated with protected (cam walker) weight bearing for 3 to 6 weeks. If dis-
placement is more than 1 cm in a young person, reattachment with a lag screw
or Kirschner wires and a tension band will improve healing.

Fractures of the phalanges are usually caused by direct trauma. Displaced
shaft fractures of proximal and middle phalanges are aligned with the aid of a
digital block, and the toe is buddy taped to the neighboring toe (with cotton roll
between the toes). Protected weight bearing (supporting hard-soled shoes) for
a few weeks will allow mobility and improve comfort. Subungual hematomas
are decompressed with a battery-heated wire. Nail bed lacerations are repaired

FIG. 27-16 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 deformity will reduce the dislocation. Oc-
casionally, an interphalangeal 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.

Complications

Posttraumatic arthritis of the Lisfranc joint 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 has 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 hyperflexes
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
submaximal load 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. 28-1 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 POPULATIONS
Female Athletes

Beyond the specific sport, the participating population can affect bone injury
patterns. Various studies have revealed that female athletes tend to be at
greater risk for stress fractures and overuse injuries than their male counter-
parts. Prospective and retrospective studies of stress fractures among military
recruits report a cumulative incidence of 0.99 to 2.0% for males. Female re-
cruits generally sustain stress fractures at rates over three times that of their
male counterparts. In running sports, women develop stress fractures at rates
up to 10 times greater than men on the same training course. Other retrospec-
tive studies have documented stress fracture rates of 23 to 52% among fe-
male distance runners and 22 to 45% among ballet dancers. When women
are followed prospectively, high recurrence rates are seen as well. When fe-
male recruits or athletes undergo a period of preconditioning or when “con-
ditioned” male and female athletes are compared, the relative risk of stress
fracture is more equal.

Additional factors affecting the risk of bone stress injury in female athletes
include hormonal and nutritional issues. Competitive female athletes tend to
have later menarche, menstrual irregularities, and diminished circulating es-
trogen levels. With relative estrogen deficiency comes reduced peak bone
mass and a reduction in the ability to remodel bone in response to mechanical
loading. This is thought to predispose women to stress fractures as well as
osteoporosis later in life. Inadequate energy intake relative to calories burned
also increases the risk of stress injuries to the bone. The “female athlete triad”
describes the association between menstrual irregularities, disordered eating,
and osteoporosis. It is relatively common among elite female athletes, with
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TABLE 28-1 Fractures Commonly Associated with Specific Sports and Activities

Sport/Activity

Fracture

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

Track (sprint)

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)

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, rhythmic 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 confirmed, 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 microtrauma 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-
ing of the proximal femoral physis in ballet dancers, leading to increased turn-
out; and repetitive loading of the lateral compartment of the elbow in young
throwers, leading to hypertrophy of the radial head or capitellum.

Master’s Athletes

The athletically active older patient has only recently become the subject of
research regarding injury patterns. Bone density is decreased in both male and
female athletes, slightly increasing the risk of fracture. A majority of the frac-
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 secondary to less total repetition in training, a reduced likelihood 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 indicated.

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.

Elite Athletes

When elite and competitive athletes sustain fractures, they introduce special chal-
lenges in decision making. As in all fractures, the clinician should look for



414 HANDBOOK OF FRACTURES

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
scholarship, the financial impact on the athlete or the club, or the approach of “the
big game.” Medicolegal 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.
Ultimately, 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 hand 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 additional risk incurred in at-
tempting to return to play prior to complete healing of the fracture.

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 fracture. Stress fractures
were originally described in exercise-active military recruits (i.e., march frac-
ture, Deutschlander’s fracture), the common theme being repetitive activity in
a relatively underconditioned individual. Patients commonly 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 finding 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 exacerbate 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 training room. 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 should be used.
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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 bone 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 (SPECT) 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 bone 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
IIT injuries may or may not have positive radiographs but MRI reveals no cor-
tical break. MRI is positive on STIR, T2, and T1 images. Grade III 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 T1 MRI im-
ages. Grade IV stress injuries have a guarded prognosis and may require 16
weeks of rest. Grade IIT 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.
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Algorithm for the Management of Stress Fractures

1. X-rays (+/=) oblique/magnificd views
2. Bone scan, CT or MR if site or duration
of symptoms warrant

Negative x-ray
positive bone
scan CT or MRI

Nondisplaced
fracture

High-deman

Low-demand
Athlete

Athlete
v ¥ ‘/\‘
el T
@ Surgical

treatment

FIG. 28-2  Algorithm for stress fracture.

With all of the positives, the risk of injury, including fracture, is pervasive
in sports, especially in contact and collision sports. The following section
briefly discusses the unique aspects of specific injuries of bone and their rela-
tionship to sports participation. For the treatment of specific fractures, the
reader is referred to the relevant chapter in this text.

Cervical Spine

Injuries to the cervical spine, including fractures and dislocations, are thank-
fully rare in sports. Nonetheless, sideline management requires a high level
of suspicion. Any athlete with midline neck pain or a head injury with abnor-
mal sensorium must be assumed to have a cervical spine injury. This requires
immobilization and full radiographic evaluation. The most common cause of
catastrophic cervical spine injury in the United States is football. Rule changes
(1976) penalizing spear tackling have had a significant effect on reducing the
number of cervical spine injuries. The next most common risky sport for male
athletes is ice hockey. The most common mechanism is a check from behind,
sending the athlete head-first into the boards. Rule changes with significant
penalties for unsafe 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.

Thoracic 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. Dorsiflexion block braces (“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 immature, 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.



418 HANDBOOK OF FRACTURES

Throwing 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 confirm 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 cm 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.

Proximal Femur

Stress fractures of the femoral neck are uncommon but have a potential for se-
rious morbidity. They are more common in runners 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 antalgic 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 traumatic, 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-
eral ligament, or posterior 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).
If 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 to re-
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 months. Ultrasonic bone stimulation may be used as an adjunct to promote
healing in stress fractures (magnetic and electrical devices have not been ap-
proved for this purpose by the U.S. Food and Drug Administration). If radio-
graphs show signs of chronic changes (the “dreaded black line”), excision
and bone grafting or intramedullary fixation may be necessary. Expeditious
surgical treatment of anterior cortex stress fractures may allow an earlier re-
turn to sport. Tibial stress fractures are more common in distance runners and
distal fibular stress fractures appear to be common in ballet, aerobics, race
walking, and volleyball.

About the ankle, athletes can sustain avulsion injuries of the ligaments or
osteochondral injuries of the talar dome secondary to severe ankle sprains.
Stress fractures of the medial malleolus in adults and physeal injuries of the
distal fibula and distal tibia in children can present as ankle sprains. Avulsion
injuries and stress fractures are generally treated with immobilization and
resolve in 6 to 8 weeks.

Foot

Navicular stress fractures are relatively uncommon, representing 0.7 to 2.4%
of all stress fractures; however, the risk they pose of nonunion and ultimately
career-ending disability is greater than with most other stress fractures (Fig.
28-3). Navicular stress fractures can occur in athletes in any sport with repet-
itive loading, including basketball, long jump, triple jump, football, and run-
ning. A high index of suspicion is required to make the diagnosis. Stress frac-
tures of the tarsal navicular bone are difficult 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 commonly made with a bone scan, CT, or
MRI. Navicular stress fractures occur at the relatively avascular central third
in the sagittal plane. Due to the relatively increased risk of nonunion, these
fractures are treated with cast immobilization and the avoidance of weight
bearing for 6 to 8 weeks. When nonunion or displacement occurs, internal
fixation with bone grafting may be necessary.

Stress fractures of the metatarsal shaft are found among runners and mili-
tary recruits (march fracture, Deutschlander’s fracture), typically occurring
in the diaphysis of the second and third metatarsals. Treatment is symptomatic
and immobilization is rarely necessary. The most important consideration in
athletes is an assessment of why the fracture occurred in the first place, in order

FIG. 28-3 Female basketball player with gradual onset of midfoot pain. A. AP
radiograph. B. 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.



28 FRACTURE AND BONE INJURY RELATED TO ATHLETIC PARTICIPATION 421

FIG. 28-4 Male basketball player with acute onset of lateral foot pain while re-
bounding. A. Oblique radiograph shows a nondisplaced fracture of the base of
the fifth metatarsal (Jones’s fracture). B. Surgical fixation with a cannulated

to reduce the risk of a recurrence. Review of the training history, assessment
of shoe wear and lower extremity alignment, evaluation of nutritional history,
and screening of women for risk of the “female athlete triad” may identify an
underlying treatable cause.

The fifth metatarsal may introduce unique treatment considerations in the
athletic population (Fig. 28-4). As in the case of metatarsals two through four,
avulsion injuries of the tuberosity or diaphyseal fractures of the fifth metatarsal
are treated symptomatically with a removable “cam-walker boot” or a stiff-
soled shoe with crutches followed by progressive weight bearing. Fractures at
the avascular junction of the proximal metaphysis and diaphysis (Jones’s frac-
tures) carry an elevated risk of delayed union, nonunion, or recurrent fracture.
Symptomatic patients with positive bone scans but negative radiographs are
treated nonoperatively with weight bearing avoided and a semirigid orthosis.
With greater than 3 weeks of symptoms or radiographic confirmation, avoid-
ance of weight bearing and cast immobilization for 6 to 8 weeks is recom-
mended. In elite athletes who desire a quicker return to sport and reduced risk
of recurrence, intramedullary screw fixation is performed. This may be the first
line of treatment in elite basketball players.

SUMMARY

Virtually every bone in the body can be injured secondary to athletic partici-
pation. Fundamentally, treatment is not different than it is in other fractures,
and the clinician must always treat the athlete as a patient first. Certain fracture
patterns are more commonly seen in sports, especially overuse and stress in-
juries of the bone. Attention to these patterns will assist the clinician in mak-
ing accurate diagnoses.

Most of these injuries will respond to a conservative course of treatment; how-
ever, associated factors including injury mechanism, alignment, nutritional is-
sues, gender-related issues, and issues related to training intensity must be un-
derstood in order to optimize care. The athlete’s desire to return to play must be
balanced against the possibility of further injury and of permanent impairment
as well as the athlete’s (or parents’) ability to live with the consequences. In sit-
uations where the athlete can offer an informed consent, more aggressive treat-
ment options can be selected that will allow the athlete to return to play sooner.
Ultimately, caring for sports-related fractures calls for a holistic approach in
which the clinician understands and responds to the patient’s needs and desires
with enough information that the athlete can make an informed decision.
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Ankle fractures (Cont.)
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Elbow fractures. See also Humeral
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definitive management of,
124-127, 125f
diagnosis and initial management
of, 124
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of coronoid process. See Coronoid
fractures
of olecranon. See Olecranon
fractures
of radial head. See Radial fractures,
of head
single-column, 120-121
classification of, 120, 120f, 121f
definitive management of,
120-121, 121f
Elbow instability
with coronoid fractures, 139
radial head fractures 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, 18f
Extraarticular fractures, 41
Extracellular matrix proteins,
expression during fracture
healing, 53
Extremities. See also Lower extremity;
Upper extremity
mangled, 6-7
Extrinsic ligaments, 176f, 176-177

F
Facet injuries, 232, 233f, 234, 237,
237f, 238
Facet joint capsule, 218
Fatigue fractures, 45
of proximal femur, 276

Female athletes, sport-specific injuries
in, 411-413
Femoral fractures
anatomy and, 304
classification of, 304, 305f
distal. See Distal femoral fractures
malunion of, 302
nonunion of, 302
proximal. See Proximal femoral
fractures
stress or fatigue, 276
Femoral head fractures, 276-279
classification of, 276-277, 277f
complications of, 278
diagnosis of, 277
management of, 277-278, 278f
prognosis of, 279
radiographic examination of, 277
Femoral head injury, of articular head,
with acetabular fractures, 259
Femoral nailing, retrograde, 17
Femoral neck, central axis of, 266, 267f
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, 273f
indications for, 274
technique for, 273
high-energy, 275-276
classification of, 275, 275f
complications of, 276
definitive management of,
275-276
diagnosis and initial management
of, 275
indications in treatment of, 274
low-energy, 266269
classification of, 267/-269f,
267-269
diagnosis of, 270
etiology of, 266267
historical perspectives in treatment
of, 271
initial management of, 270f,
270-271
treatment of, 271-275, 272f, 273f
nonunion of, 291



pinning for, 272-273
anatomic reduction and, 272
complications of, 272-273
indications for, 274
surgical technique for, 272, 272f
proximal, sport-specific, 418-419
stress, sport-specific, 418—419
total hip replacement for, 273-274
Femoral shaft, central axis of, 266, 267f
Femoral shaft fractures, 293-303
anatomy and, 293, 294f
classification of, 294f, 294-295
complications of, 302-303
definitive management for, 297-302
external fixation as, 299
intramedullary nailing as, 299f,
299-302, 3001
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, 299f,
299-302, 3001
antegrade technique for, 300-301,
301f
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, 47
Fibular fractures
diaphyseal, 340-352
anatomy and, 340-341, 341f
classification of, 341, 342f
clinical history and examination
for, 342-344
complications of, 348-350
epidemiology of, 341-342
injuries associated with, 344
isolated, 350-351
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open, 348
radiologic studies of, 343, 343f,
343¢

displaced, 366
nonunion of, 369
surgical treatment of, 367
Fight bites, 202, 203
Fixation, loss of, with olecranon
fractures, 135-136
Fixed hand unit, 177, 178f
Flexion-distraction injuries, spinal, 216,
239, 239f
Fluoroscopy, 40
Foot injuries, 386-409
of forefoot, 403—408
classification of, 404f, 404—405
complications of, 408
definitive management of, 406f,
406408, 407f
diagnosis and initial management
of, 405f, 405406
injuries associated with, 406
of hindfoot, 386-401. See also
Achilles tendon injuries;
Calcaneal fractures; Subtalar
dislocation; Talar fractures
of midfoot, 401f, 401-403
classification of, 401-402
complications of, 403
definitive management of,
402-403
diagnosis and initial management
of, 402
sport-specific, 420f, 420-421, 421f
Forearm fractures, 144-154
anatomy and, 144-146, 145f
classification of, 146f~148f, 146-148
complications of, 152-154, 153f
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, 153f
nonunion of, 152
Forefoot injuries, 403—408
classification of, 404f, 404-405
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Forefoot injuries (Cont.)
complications of, 408
definitive management of, 406f,
406-408, 4071
diagnosis and initial management of,
405f, 405-406
injuries associated with, 406
Fracture alignment, 43f, 43—44, 44f
Fracture evaluation and care, 3-5
Fracture healing, 46-47, 49-54
clinical anatomy of, 49
extracellular matrix protein
expression during, 53
factors influencing, 54, 55¢
failure of, 54
head injury and, 59
histologic types of, 50
primary, 49, 50-51
cancellous, 51, 52f
cortical, 51
regulation of, 53-54, 541, 55¢
secondary, 50, 51-53, 56f
systemic enhancement of, 59
tissue engineering of, 59-60

G
Galeazzi fractures, 146-147, 148f, 151
Gamekeeper’s thumb, 212, 213f
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, 8081
for chronic dislocations, 83
for recurrent instability, 82—83
functional anatomy and, 75, 77, 77f
inferior, 77, 79f
injuries associated with, 79-80
involuntary, 79
microinstability and, 79
posterior, 77, 78f

traumatic, 79
voluntary, 79
Glenohumeral ligaments, 75, 77
Glenohumeral subluxation, 78
Glenoid anatomy, 75, 77f
Glenoid fractures
intraarticular, 92
of neck, 91, 92f
Glenoid labrum, 75
Gluteal artery
inferior, 248
superior, 248
Greater-arc injuries, 180, 180f
Greater tuberosity anatomy, 75
Greater tuberosity fractures, 67f, 67-68
Greenstick fractures, 41, 42f
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, 235f, 236
Hamate fractures, 196
Hamstring compartment, 293, 294f
Hanging arm cast, for humeral shaft
fractures, 104-105, 105/
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 fractures, 273-274
for proximal humeral fractures, 72f,
72-73, 73t
Heterotopic ossification
following elbow dislocation, 141f,
142



with forearm fractures, 153
with hip dislocations, 262
with proximal humeral 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, 116¢
complications of, 119
definitive management of, 117f,
117-120, 1181, 119f
diagnosis and initial management
of, 116-117
extraarticular, 118z, 118-119, 119f
injuries associated with, 117
of lateral epicondyle, 117
of medial epicondyle, 117-118
proximal, 62-75
anatomy of, 62, 63f
antegrade intramedullary nailing
for, surgical neck, 69, 69f
cerclage wires, 72
classification of, 63, 63—64, 64f
clinical history and examination
for, 65
complications of, 74-75
epidemiology of, 64—-65
fracture dislocations and head-
splitting fractures, treatment of,
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73
greater tuberosity, 67f, 67-68
impacted valgus fractures,
treatment of, 73-74
injuries associated with, 65
intramedullary nailing for, 72
K wires for, 68, 72
lesser tuberosity, 70, 71f, 71t
malunion of, 74
minimally displaced, 66, 67f
nonoperative treatment of, 71-73,
72f, 73t
nonunion of, 74
percutaneous screw fixation for, 72
plating for, 69, 71-72
radiological examination for, 65,
66f, 66¢
of surgical neck, 68-70
surgical neck, 68¢, 68-70, 69f, 70f
of surgical neck, translated, 68t,
68—-69
of surgical neck, two-part varus
impacted, 69-70, 70f
suturing for, 72
tendon banding for, 72
treatment of, 6670, 75, 76¢
Humeral shaft fractures, 100-112
anatomy and, 100
classification of, 100-101, 101f, 102f
complications of, 110-111
diagnosis of, 102
functional brace for, 105-106, 106f
injuries associated with, 102-103
intramedullary nails for, 108-110,
109f, 110f
malunion of, 111
management of, 103—-110
adduction casting/bracing for, 106
definitive, 104
external fixation for, 103, 104f
initial, 103, 103f, 104f
intramedullary nailing as,
108-110, 109f, 110f
nonoperative, 104-105, 105f, 106f
operative, 106-110
plate osteosynthesis for, 107f,
107-108
nonunion of, 110-111
plate osteosynthesis for, 107f,
107-108, 110
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Humeral shaft fractures (Cont.)
rehabilitation for, 111
skeletal traction for, 106
Velpeau dressing for, 106

Humerus
anatomic neck of, 75
proximal, anatomy of, 75
surgical neck of, 75

Hybrid frames, 299

Hypertrophic nonunion, 47, 54

Hypovolemic shock, with multiple

injuries, 2

I
Iliac artery, 248
Iliosacral lag screws, percutaneous, 254
Impaction, of fractures, 44, 44f
Impending fractures, 45
Incomplete fractures, 41
Indirect signs of fractures, 46, 47f
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
healing, 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, 17f
plates for. See Plates
screws for. See Screws
tension bands for, 15, 15f
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
Intramedullary nails, 15-17, 17f
expandable, 109
flexible, 16
locking, 110
rigid, 16, 109, 109f, 110f
Intravenous regional anesthesia, 29f,
29-30
Intrinsic ligaments, 175-176, 176f
Itching, with casts and splints, 22

J

Joint ankylosis, with pilon fractures,
384

Joint dislocation, 44, 45f

Joint effusions, with fractures, 46, 47f

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, 319f
timing of, 317-318
diagnosis and initial management of,
316, 316f
initial management of, 317
injuries associated with, 315, 315f
radiographic examination of, 317,
317f
rehabilitation for, 321
Knee injuries
extensor. See also Patellar fractures
patellar dislocations, 337
patellar ligament rupture, 338



quadriceps rupture, 337-338, 338f

sport-specific, 419

L

Lachman test, in knee dislocations, 316

Lateral collateral ligament complex, of
ankle, 356
injuries of, 370-373
classification of, 370
complications of, 372f, 373
definitive management of, 372
diagnosis and initial management
of, 370-371
differential diagnosis of, 371
Lateral cutaneous nerve block, 32, 32f

Laxity, residual, with knee dislocations,

320
Le Fort fracture, of ankle, 357, 366
Length discrepancy, with fractures, 43
Lesser-arc injuries, 180, 180f
Lesser tuberosity
anatomy of, 75
fractures of, 70
anatomic neck, 70
three- and four-part, 70, 71f, 71¢
Less invasive stabilization system, 14,
144

Ligament(s). See also specific ligaments

of ankle, 354-356, 355f
examination of, 4
in knee dislocations, 316, 316f
of knee, injury of. See Knee
dislocations
Ligamentous complex, of ankle, 357
Ligamentous instability, following
elbow dislocation, 141f, 142
Ligamentum flavum, 218

Limb salvage, for mangled extremities,

7
Limited-contact dynamic compression
plates, 11-12, 12f
Linea aspera, 293
Lipohemarthroses, with fractures, 46
Lisfranc joint, 403—404
dislocation of, 404, 404f
definitive management of, 406,
406f
posttraumatic arthritis of, 408
“Little Leaguer’s shoulder,” 417
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Locking plates, 14, 144
Longitudinal arch, 401
Longitudinal fractures, 43
Longitudinal ligament
anterior, 218
posterior, 218
Longitudinal splints, with casts, 21
Long leg casts, 21
Loss of fixation, with olecranon
fractures, 135-136
Loss of motion, with radial head
fractures, 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 fractures, 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,
39f
Malleolus, medial, 353
fractures of, 366
sport-specific, 420
surgical treatment of, 367-368
Mallet finger, 206
definitive management of, 210,
211f
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



434 HANDBOOK OF FRACTURES

Medial compartment, of thigh, 293,
294f
Median nerve block, 30-31, 31f, 32f
Medical antishock trousers, for pelvic
ring fractures, 252
Meniscal injuries, with proximal tibial
fractures, 324
Meperidine, 28
Metacarpal anatomy, 201
Metacarpal fractures, 201-205
of bases, 202, 203, 203f, 204
classification of, 201-202, 202f, 203f
complications of, 205
definitive management of, 204f,
204-205
diagnosis and initial management of,
202-203
diaphyseal, 203, 204f, 204-205
extraarticular, of first metacarpal,
definitive management of,
213214
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, 202f
arthritis of, with metacarpal fractures,
214
dislocation of, 211
Metadiaphysis, 41
Metaphysis, 41
Metastatic fractures, tibial, 351
Metatarsal fractures, 404405
of fifth metatarsal
avulsion, 404-405
sport-specific, 421, 421f
of fifth metatarsal base, definitive
management of, 407, 407f
of first metatarsal, definitive
management of, 405406
malunion of, 408
of shaft, sport-specific, 420-421
Metatarsophalangeal joints, 404
dislocation of, definitive management
of, 408
Methylprednisolone, for spinal injuries,
223-224

Midazolam (Versed), for minimal
sedation, 28
Midcarpal shift test, 183
Midfoot injuries, 401f, 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, 147f, 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
open fractures and, 6
Muscles, of forearm, 144—145, 145f
Myositis ossificans, with fractures, 48

N
Nails, intramedullary, 15-17, 17f
expandable, 109
flexible, 16
locking, 110
rigid, 16, 109, 109f, 110f
Navicular, 401
Navicular fractures, 401-402, 402-403
stress, sport-specific, 420, 420f
Nerve blocks, 30-33
ankle, 32-33, 33f, 34f
digital, 20, 20f
elbow, 31-32, 32f
wrist, 30-31, 31f
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, 13f
Nonreactive nonunion, 47
Nonunion, 47, 47f
atrophic, 54
fibrous, 54
hypertrophic, 54
Nucleus pulposus, 219

o
Oblique fractures, 43
Occipital condyles, 226
Odontoid fractures, 224-225, 225f
definitive management of, 230-231
Olecranon fractures, 134-136
classification of, 134f, 134—135
complications of, 135-136
definitive management of, 135, 136f
diagnosis and initial management of,
128-129
nonunion of, 135-136
Olecranon pins, 24, 24f
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
Osteochondral grafts, allogenic, 56-57
Osteogenesis, 56
Osteoinduction, 54, 56
Osteomyelitis, nonunion and, 47
Osteonecrosis, with fractures, 48
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Osteoporosis, disuse, with fractures, 48
Ottawa rules, 363-364

P
Pain
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, 333f
complications of, 337
initial management of, 333
injuries associated with, 333
mechanism of injury and, 332-333
of patellar apex, treatment of, 335,
336f
physical examination for, 333
radiographic examination of, 334
treatment of
nonsurgical, 334, 334f
patellectomy for, 335-336, 336f
postoperative, 336-337
surgical, 334-335, 335f, 336f
Patellar injuries, cannulated screws for,
335, 335f
Patellar ligament injuries, with distal
femoral fractures, 304
Patellar ligament rupture, 338
Patellectomy, 335-336
partial, 335-336
total, 336, 336f
Pathologic fractures, 45, 46f
Pelvic injuries, sport-specific, 418
Pelvic ring
anatomy of, 248, 249f
anterior column of, 248, 249f
Pelvic ring fractures and dislocations,
249-255
with acetabular fractures, 259
classification of, 249-251, 250f,
251f
complications of, 255
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Pelvic ring fractures and dislocations
(Cont.)
definitive management of, 252-255,
253f
external fixation technique for, 253
open reduction and internal
fixation technique for, 253
percutaneous iliosacral lag screws
for, 254
posterior fixation technique for,
254
for posterior iliac fractures, 254
for rotationally unstable fractures,
252-253, 253f
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
Perilunate dislocations, 179/~181f,
179-180
initial management of, 188
Periosteum, fracture healing and, 49,
50f
Peroneal nerve injuries
with distal femoral fractures, 306
with knee dislocations, 315
with proximal tibial fractures, 324
Peroneal tendonitis, following calcaneal
fractures, 400401
Phalangeal fractures, 205-212, 405
complications of, 212
definitive management of, 207/~211f,
207-212, 407, 407f
diagnosis and initial management of,
206-207
distal, 206
definitive management of, 211
of dorsal lip, definitive
management of, 210, 211f
malunion of, 212

nonunion of, 212
proximal, 205-206
definitive management of,
2072091, 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, 377f
complications of, 383-384
definitive treatment of, 377-382
external fixation/limited ORIF as,
378-379, 379f
nonoperative, 378
percutaneous plating as, 382, 383f
plating of fibula as, 380
staged ORIF as, 380f, 380-381
surgical approaches for, 381f,
381-382, 382f
diagnostic imaging of, 375, 386f
historical background of, 374
initial management of, 377
malunion of, 384
mechanism and pathoanatomy of,
374
nonunion of, 384
physical examination for, 375, 375f
plating of, 380
postoperative management for, 383
treatment decisions for, 382-383
Pins, for skeletal traction, 23-24, 24f
Pisiform fractures, 196
Plafond, 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, 12f
buttress, 12, 13f
plating methods for, 12, 13f, 14, 14f
Plating methods, 12, 13f; 14, 14f
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, 315f,
316
with proximal tibial fractures, 324
Posterior column of, 248, 249f
Posterior compartment, of thigh, 293,
294f
Posterior cord syndrome, 220
Posterior cruciate ligament, 314. See
also Knee dislocations
Pressure sores
with casts, 22
with splints, 22
Primary fracture healing, 49, 50-51
cancellous, 51, 52f
cortical, 51
Proximal femoral fractures
extracapsular, 281-292
anatomy and, 281
center of, 281
centromedullary nails for, 289
cephalomedullary nails for, 289
classification of, 281-283, 282f,
283f
complications of, 291
diagnosis and initial management
of, 285
dynamic condylar screws for,
287-288, 288f
extramedullary devices for,
286-288, 287f, 288f
indications in use of various
fixation devices for, 290, 291f
injuries associated with, 284-285
intertrochanteric, 282
intramedullary devices for,
288-290, 289f
intramedullary hip screws for,
289f, 289-290
intramedullary nails for, 288-290
nonoperative management of,
285-286
pathophysiology of, 283-284, 284f
pertrochanteric, 282
reconstruction nails for, 289
sliding compression screw-plate
for, 286-287
subtrochanteric, 283, 284f
surgical management of, 286-290
trochanteric, 282-283, 284f
intracapsular, 264-280

INDEX 437

anatomy and, 264-266
blood supply of, 264, 265f
bone structure of, 264-266, 266f
central axis and alignment index
and, 266, 267f
gross anatomy and, 264, 265f
high-energy, of femoral neck. See
Femoral neck fractures, high-
energy
low-energy, of femoral 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 compartment, 293, 294f

Quadriceps rupture, 337-338, 338f

R
Racquet sports, upper extremity sport
injuries due to, 417418
Radial artery, 145
Radial fractures
of head, 130-132
anconeus approach for, 131
classification of, 130, 130f, 131f
definitive management of,
131-132, 132f, 133f
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
Radiography, 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, 40f

Radioulnar deviation, 159

Radioulnar joint dislocations, distal,

172-174
anatomy and, 172
complications of, 173f, 174
imaging studies of, 173
initial diagnosis of, 172-173
initial management of, 173-174
Radioulnar synostosis, with olecranon
fractures, 135-136

Radius
anatomy of, 144
distal

anatomy of, 155, 156f~158f,
157-158

fractures of. See Distal radial
fractures

Reactive nonunion, 47

Reagan’s test, 183

Reflex sympathetic dystrophy, 48
with radial fractures, 171

Regional anesthesia, 28-35
Bier block for, 29f, 29-30
hematoma block for, 33, 35
nerve blocks for, 30f~34f, 30-33

Regional pain syndrome, with fractures,

48

Retrograde femoral nailing, 17

Rib injuries, sport-specific, 417

Rolando fracture, 212
definitive management of, 213, 214f

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, 33f
Sauve-Kapandji procedure, 173f, 174
Scaphoid, 177-178
fractures of, 193-195, 194f
definitive management of,
197-198
Scaphoid-shift test, 182—183
Scapholunate angle, radiographs of,
185, 185f, 186f
Scapholunate interosseous ligament,
176
Scapular fractures, 89-93
of acromion, 91
of body and spine, 91
classification of, 90, 90f
complications of, 93
of coracoid process, 91-92
definitive management of, 91-93,
92f
diagnosis and initial management of,
90-91
extraarticular, of glenoid neck, 91,
92f
injuries associated with, 91
intraarticular, of glenoid, 92
Sciatic nerve, 293, 294f
Sciatic nerve injury, with acetabular
fractures, 259
Scintigraphy, 39-40, 40f
Screws
anatomy of, 10, 10f
applications for, 10-11, 11f
compression, dynamic, 15, 16f
dynamic compression, 15, 16f
tapping and, 10
Secondary fracture healing, 50, 51-53,
56f
“Second hit,” 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, 25f, 26

Simple fractures, 41

Singh index, 285

Skeletal traction, 23-24, 24f

Skin traction, 23

Smith fractures, 162, 163f

definitive treatment of, 165-167, 167f

Soft tissues
fracture healing and, 49, 50f
swelling of, with fractures, 46
Space of Poirier, 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, 238f~240f,
238-244
complications of, 244
compression, 238, 238f
definitive management of,
241-244
diagnosis and initial management
of, 239-241, 240f
injuries associated with, 241
sport-specific, 417, 418
Spinal instability, 219
Spine
anatomy of, 216-219
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cross-sectional, 216-217, 217f,
217t
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, 411f
of cervical spine, 416417
in child athletes, 413
in elite athletes, 413414
in female athletes, 411-413
of foot, 420f, 420421, 421f
of knee, 419
of leg and ankle, 419-420
of lumbar spine and pelvis, 418
in master’s athletes, 413
patterns of, 410, 412¢
of proximal femur, 418-419
stress fractures, 414—415, 416f
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, 94f, 95f
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
Stress fractures, 45, 46f
of femoral neck, sport-specific,
418-419
of proximal femur, 276
as sport-specific injury, 414-415,
416f
tibial, 351, 351f
Subluxation, 44
Subsidence, with proximal tibial
fractures, 330
Subtalar dislocation, 391-393
anatomy and, 391
classification of, 391
complications of, 393
definitive management of, 392
diagnosis and initial management of,
391-392, 392f
injuries associated with, 392
Superficial peroneal nerve block, 33,
33f
Supraspinous ligament, 218
Sural nerve block, 33, 34f
Sustentaculum tali fractures, 396, 400
Synostosis, radioulnar, with olecranon
fractures, 135-136

T
Talar fractures, 386—391
anatomy and biomechanics of,
386-387, 387f
complications of, 390-391
definitive management of, 388,
388-390, 3901
diagnosis and initial management of,
387-388
displaced, 388f, 388-389
injuries associated with, 388
of lateral process, 389
nondisplaced, 388, 389
nonunion of, 391
osteochondral, 389-390, 390f
of posterior process, 389
of talar body, 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
injuries, 335, 335f
Thigh, compartments of, 293, 294f
Thoracic spine injuries. See Spinal
fractures and dislocations,
thoracic and lumbar
Throwing injuries, 417418
Thumb
complications of, 214
definitive management of, 213-214,
214f
diagnosis and initial management of,
212213
fractures of, 212-214, 213f
Tibial fractures
of anterior cortex, sport-specific,
419-420
diaphyseal, 340-352
anatomy and, 340-341, 341f
classification of, 341, 342f
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, 344¢,
344-345, 345f, 345t
isolated, 350, 350¢
malunion of, 349
metastatic, 351
nonoperative treatment of,
347-348, 348t
nonunion of, 348-349
open, 348
plating for, 347, 347f, 347t
radiologic studies of, 343, 343f,
343¢
stress, 351, 351f
treatment of, 344-348
treatment of protocol for, 352,
352t
of pilon. See Pilon fractures
of posterior process, 357-362, 363f
proximal, 322-331



anatomy and, 322
bicondylar, 323, 327
classification of, 322-324, 323f
complications of, 329-330
definitive management of,
325-329
depression, 326
diagnosis and initial management
of, 324-325, 325f
injuries associated with, 324
knee-spanning external fixators
for, 325, 325f
lateral depression, 323
malunion of, 330
medial plateau, 323, 326-327
nonoperative treatment of,
326-329, 327f-329f
nonunion of, 330
plateau, associated with fracture of
proximal metaphyseal
diaphyseal junction, 323-324
rehabilitation for, 329
split, 322-323, 326
split-depression, 323, 326, 327f
of shaft, sport-specific, 419
Tibial nerve block, 33, 34f
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 fractures, 41, 42f
Total hip replacement, 273-274
recent developments in, 274-275
Traction, 23-24
skeletal, 23-24, 24f
skin, 23
Transduction, 60
Transfection, 60
Transforming growth factor
in fracture healing, 60
fracture healing regulation by, 53,
54¢
Transscaphoid fracture-dislocations
initial management of, 188
perilunate, definitive management
for, 192

INDEX 441

Transverse arch, 401
Transverse fractures, 43
Transverse ligament, 218
Trapezial fractures, 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, 173f, 174
Ulnar artery, 145-146
Ulnar nerve block, 31
Ulnar translocation, radiographs of,
185, 185f
Ultrasound, 40
Union, 47
Uniplanar external fixators, 18f, 19
Upper extremity
casting of, 21
splinting of, 22
sport-specific injuries of, 417-418

\%
Valgus angulation, 43, 43f
Varus, malunion of, 390
Varus angulation, 44, 44f
Varus malunion, 390
Vascular endothelial growth factor,
fracture healing regulation by,
53-54
Vascular examination, 3
Vascular injuries
with humeral shaft fractures, 103,
111
with pelvic ring fractures, 252
Vertebral body burst fractures
cervical, 232, 233-234, 236, 237
thoracic and lumbar, 238f, 239,
242-243
Vertical fractures, 43
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Vesical artery
inferior, 248
superior, 248
Volar lip fractures, definitive
management of, 210f, 208-210
Volkmann fracture, 357, 366

w
Wagstafte fracture, 357
Watson’s maneuver, 182183
Weight bearing, upper extremity sport
injuries due to, 417
Weight lifting, upper extremity sport
injuries due to, 417
‘Wound breakdown, with pilon
fractures, 383-384
Wrist
anatomy of and kinematics of,
175-178, 176/~178f
biomechanics of, 158-159
kinematics and, 158, 158¢
of palmar flexion-extension,
158-159
of radioulnar deviation, 159
Wrist block, 30-31, 31f
‘Wrist dislocations, 178-193
axial, 180, 181f
carpal instability dissociative, 179
carpal instability nondissociative,
179
classification of, 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, 191f
percutaneous pin-fixation
technique as, 189f, 189-190
for radiocarpal dislocation, 193

for scapholunate dissociation, 192

for transradial styloid perilunate
fracture-dislocation, 192—-193

for transscaphoid perilunate
fracture-dislocation, 192
diagnosis of, 182—188, 183-188
arthrography in, 187
bond scans in, 187
fluoroscopy in, 185
history in, 182
magnetic resonance imaging in,
187, 187f
physical examination in, 182-183
radiographs in, 183, 184/~187f,
185
wrist arthroscopy in, 188
with dorsal intercalated segment
instability, 179
initial management for, 188
perilunate, 179f-181f, 179-180
radiocarpal, 180, 182
with volar intercalated segment
instability, 179
‘Wrist fracture-dislocations, axial, 180,
181f
Werist 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, 196
lunate, 195
nonunion of, 199
pisiform, 196
scaphoid, 193-195, 194f
definitive management of,
197-198
trapezial, 195
treatment of, 197-199
definitive management and,
197-199, 198f
initial management and, 197
triquetral, 195



	Cover
	Handbook of Fractures, 3e
	Title Page
	Copyright 0071443770
	Dedication
	Contents

	Contributors
	Preface
	Acknowledgments

	1. Evaluation &
 Management
of the Multiply Injured Patient
	2. Methods of Fixation
	3. Nonoperative Techniques
	4. Anesthetic Techniques
	5. Radiologic Evaluation
	6. Fracture Healing & Bone Grafting
	7. Injuries of the Glenohumeral
Joint
	8. Fractures & Dislocations of the Clavicle & Scapula
	9. Fractures of the Humeral Shaft
	10. Fractures & Dislocations of the Elbow
	11. Fractures of the Forearm
	12. Fractures of the Distal Radius & Injuries of the Distal Radioulnar Joint
	13. Fractures & Dislocations of the Wrist
	14. Fractures & Dislocations of the Metacarpals & Phalanges
	15. Fractures & Dislocations of the Spine
	16. Fractures & Dislocations of the Pelvic Ring & Acetabulum
	17. Intracapsular Fractures of the Proximal Femur
	18. Extracapsular Fractures of the Proximal Femur
	19. Fractures of the Femoral Shaft
	20. Fractures of the Distal Femur
	21. Knee Dislocations
	22. Fractures of the Proximal Tibia
	23. Injuries to the Knee Extensor Mechanism
	24. Diaphyseal Fractures of the Tibia & Fibula
	25. Indirect Fractures & Dislocations of the Ankle
	26. Fractures of the Tibial Pilon
	27. Fractures & Injuries of the Foot
	28. Fracture & Bone Injury Related to Athletic Participation
	Index

