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Preface

Thanks to the efforts and talents of the senior editor,
James F. Guhl, M.D., ankle arthroscopy has estab-
lished itself as an important tool in the armamentar-
ium of the orthopedic surgeon and allied practitioner
interested in the field of foot and ankle surgery. 

In keeping with Dr. Guhl’s philosophy, experi-
enced surgeons have been invited to discuss various
aspects of the management of foot and ankle disor-
ders in order to present this book as a single-source
reference regarding foot and ankle arthroscopy.
Chapters pertaining to clinical examination, ana-
tomy, and various arthroscopic techniques, includ-
ing their indications, contraindications, and possible
complications, are discussed with clarity, providing

a wealth of useful, up-to-date information. New
promising procedures are covered as well. The text
also devotes a chapter to rehabilitation.

We express our deepest gratitude to all the con-
tributors for a job well done. We also would like to
thank the developmental editor, Merry Post, and the
editorial staff of Springer-Verlag, Rob Albano and
Sadie Forrester, for their invaluable assistance in the
preparation and publication of this new edition.

James F. Guhl, M.D.
J. Serge Parisien, M.D.
Melbourne D. Boynton, M.D.
September 2003
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1

chapter 1

Gross and Arthroscopic 
Anatomy of the Foot

Carol C. Frey and Christopher W. DiGiovanni

The complex anatomy of the foot makes radio-
graphic and arthroscopic examination difficult. On
the other hand, advances in small-joint instrumen-
tation and techniques have helped revolutionize the
care of foot disorders. As arthroscopic technology
develops, the surgeon is better able to treat pathol-
ogy in the foot efficiently and in a less invasive way.
Along with the advancements in technique, how-
ever, it is paramount that the surgeon understands
the pertinent gross and arthroscopic anatomy of the
foot. A better understanding of the difficult anatomy
of the foot, and the hindfoot in particular, should
greatly facilitate the performance of such surgery
and proper recognition of abnormal pathology when
it is present.

SUBTALAR JOINT

Gross Anatomy

The subtalar joint is divided into anterior and pos-
terior sections by the sinus tarsi and tarsal canal (Fig.
1.1). The contents of the tarsal canal include the cer-
vical ligament, talocalcaneal interosseous ligament,
medial root of the inferior extensor retinaculum, fat
pad, and blood vessels (Fig. 1.2).

The anterior portion of the subtalar joint, also
known as the talocalcaneonavicular joint, includes
its anterior and middle articulating facets. It also
contains the talonavicular articulation and the spring
ligament. The anterior subtalar joint is generally

thought to be inaccessible to arthroscopic visual-
ization owing to the thick interosseous ligament,
which fills the tarsal canal. Because of this, the re-
gion normally has no connection with the posterior
joint complex.

The posterior subtalar joint has a long axis lo-
cated obliquely 40 degrees to the midline of the foot,
facing laterally. It consists of the convex posterior
facet of the calcaneus and the concave posterior
facet of the talus. The capsule of the posterior sub-
talar joint is reinforced laterally by the cervical lig-
ament and the calcaneofibular ligament, and it has
a posterior pouch and a small lateral recess.

Arthroscopic Portals

Few studies in the literature have dealt with ar-
throscopy of the subtalar joint.1–5 Parisien and Vangs-
ness1,2 described anterior and posterior portals; Frey
et al.3 described the middle portal; and Mekhail et
al.6 described the medial portal (Fig. 1.3).

The posterior portal is approached from the side.
A trocar is inserted in an upward and slightly ante-
rior manner approximately 2 cm posterior and just
proximal to the tip of the lateral malleolus, making
sure it is behind the lesser saphenous vein and sural
nerve and anterior to the Achilles tendon.7 In an
anatomic study of portal placement and safety, the
posterior portal was located an average of 25 mm
(range 20–28 mm) posterior and 6 mm (range 0–10
mm) proximal to the tip of the fibula.3 The poste-

1
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Anterior calcaneal facet
Location of tarsi sinus

Superior 
tubercle

Extensor digitorum brevis muscle

FIGURE 1.1. Subtalar joint can be divided into
anterior and posterior sections by the sinus
tarsi, the tarsal canal, and its contents.

Calcaneus

Cervical ligament

Inferior extensor
Retinacular root

Talus

LateralMedial

Talocalcaneal
interosseous
ligament or
Ligament of 
tarsal canal

FIGURE 1.2. Contents of the tarsal canal in-
clude the cervical ligament, talocalcaneal in-
terosseous ligament, medial root of the inferior
extensor retinaculum, fat pad, and blood ves-
sels.

4530_e01_p1-18  11/7/03  11:13 AM  Page 2



rior portal is associated with the highest risk, com-
pared to other subtalar portals, of causing nerve or
vessel damage. Structures endangered with poste-
rior portal placement include the sural nerve, lesser
saphenous vein, peroneal tendons, and Achilles ten-
don. Great care must be taken during posterior por-
tal placement to avoid injury, especially to the sural
nerve and lesser saphenous vein. After the skin in-
cision, a hemostat should be used to spread the sub-
cutaneous tissue gently down to the capsular level
before inserting the arthroscope.

The sural nerve and lesser saphenous vein run par-
allel to each other along the posterolateral aspect of
the ankle, the nerve lying posterior to the vein at the
level of the ankle joint. In 7 of 10 cases reported by
Frey et al.3 the posterior portal was located posterior
to the sural nerve, and in two cases it was found to
be anterior to the nerve. The average distance from
the sural nerve to the posterior portal was 4 mm
(range 8 mm posterior, 6 mm anterior). In one case,
the sural nerve was transected during portal place-
ment; in another, a small laceration was made in the
lesser saphenous vein. The peroneal tendon sheath
was located an average of 11 mm (range 6–16 mm)
anterior to the portal, and the Achilles tendon was
an average of 15 mm posterior (range 10–20 mm) to
the portal. Neither of these tendons was damaged in
this series, but their proximity should be noted.

The point of entry for the anterior portal is de-
scribed as being 2 cm anterior and 1 cm distal to
the tip of the distal fibula, directing the instrument
slightly upward and about 40 degrees posteriorly.1,2

In the study by Frey et al. it was located an average
of 28 mm (range 23–35 mm) anterior to the tip of
the fibula. Structures at risk when placing this por-
tal include the dorsal intermediate cutaneous branch
of the superficial peroneal nerve, the dorsal lateral
cutaneous branch of the sural nerve, the peroneus
tertius tendon, and a small branch of the lesser
saphenous vein. The dorsal intermediate cutaneous
branch of the superficial peroneal nerve is located
an average of 17 mm (range 0–28 mm) anterior to
the portal. The dorsolateral cutaneous branch of the
sural nerve, identified in 8 of 15 specimens reported
by Frey et al., was located an average of 8 mm
(range 2–12 mm) inferior to the anterior portal. The
peroneus tertius tendon was located an average dis-
tance of 21 mm (range 8–33 mm) anterior to the
portal. A small branch of the lesser saphenous vein
consistently coursed along the anterolateral aspect
of the foot in the vicinity of the anterior portal. It is
located an average of 2 mm (range 0–5 mm) from
the anterior portal and was lacerated in 20% of the
cases reported by Frey et al. With use of the ante-
rior portal, therefore, care must be taken to avoid
injury to the dorsal intermediate cutaneous branch

1: Gross and Arthroscopic Anatomy of the Foot / 3

Lesser
saphenous vein

Sural nerve

Plantar fascia

Anterior lateral

Middle lateral

Posterior lateral

Superficial peroneal nerve
(intermediate branch)

Portals

FIGURE 1.3. Location of the anterior, lateral, and middle portals for subtalar joint arthroscopy.
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of the superficial peroneal nerve as it divides on the
dorsum of the foot. A small branch of the lesser
saphenous vein is also at risk, although damage to
this structure is unlikely to cause significant prob-
lems.

The middle portal is described as being about 1
cm anterior to the tip of the fibula, directly over the
sinus tarsi.3 The middle portal was located an aver-
age of 10 mm (range 10–11 mm) anterior to the tip
of the fibula. It is located directly over the sinus
tarsi, and places no structures at risk during its place-
ment. The middle portal is therefore considered rel-
atively safe.

Mekhail et al.6 described establishing a medial
portal by placing a blunt-ended trocar into the sinus
tarsi and then pushing it through the tarsal canal in
a posteromedial and slightly cephalad direction (Fig.
1.4). The trocar should be angled about 45 degrees
to the lateral border of the foot until exiting the skin.
The ankle is in equinus and the foot inverted dur-
ing placement of this portal. This position relaxes
and slightly displaces the posteromedial neurovas-

cular bundle posteriorly, thereby decreasing its risk
of injury. Using blunt dissection, the portal entry
lies along a line joining the tip of the medial malle-
olus to the medial calcaneal tubercle. The desired
cannulation site is where the anterosuperior three-
fourths joins the posteroinferior one-fourth of that
line. Skeletal distraction can facilitate the use of this
portal. It is thought that the posteromedial and an-
terolateral aspects of the posterior subtalar joint are
better viewed from this portal than from the ante-
rior or posterior portal. Specifically, the following
intraarticular structures were thought to be better vi-
sualized: articular cartilage of the transverse portion
and anterolateral slope of the posterior subtalar joint,
calcaneofibular ligament, posterior pouch of the
joint with its synovial lining, synovium covering the
posterior aspect of the interosseous ligament, and
joint capsule. One should be reminded, however,
that these findings are the result of a cadaveric study,
and no clinical trials have been reported using this
portal. Moreover, in feet with significant edema or
adipose tissue, the exit point for the trocar would be

4 / C.C. Frey and C.W. Di Giovanni

FIGURE 1.4. Medial portal is established by placing a blunt-ended trocar into the sinus tarsi, which is then pushed
through the tarsal canal in a posteromedial and slightly cephalad direction. The trocar should be angled about 45 de-
grees to the lateral border of the foot until exiting the skin. Using blunt dissection, the portal entry lies along a line join-
ing the tip of the medial malleolus to the medial calcaneal tubercle.
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more posterior than usual, which would potentially
situate the portal closer to the posterior neurovas-
cular bundle. This portal is rarely used.

Arthroscopic Anatomy

The posterior subtalar joint can be divided into four
compartments: lateral, medial, anterior, and posterior
(Fig. 1.5). The anterior and middle facets are located
anterior and medial to the posterior facet, separated
from it by the thick interosseous ligaments. It is dif-
ficult to visualize the middle and anterior facets un-

less there is a defect in the interosseous ligament
structures. As the arthroscope enters the sinus tarsi,
these ligaments block all access to the anterior joint
and almost completely fill the tarsal canal. Only if
the ligament is removed or torn can the anterior joint
be accessed from laterally placed portals (Fig. 1.6).

The best portal combination for access to the car-
tilaginous posterior facet of the subtalar joint in-
volves placing the arthroscope through the anterior
portal and the instruments through the posterior por-
tal. This allows direct visualization and instrumen-
tation of nearly the entire cartilaginous surface of
the posterior facet, posterior aspect of the in-

1: Gross and Arthroscopic Anatomy of the Foot / 5

Cervical ligament

Intermediate retinacular
root

Lateral retinacular root

Middle 
scope

Anterior scope

Medial
retinacular root

Interosseous
talocalcaneal
ligament or 
Ligament of 
torsal canal

FIGURE 1.6. As the arthroscope enters the
sinus tarsi, the interosseous ligaments al-
most completely fill the tarsal canal and
block access to the anterior joint.

FIGURE 1.5. The posterior subtalar joint
can be divided into four compartments:
lateral, medial, anterior, and posterior.
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terosseous ligament, lateral capsule and its small 
recess (where it is possible to access the calca-
neofibular and lateral talocalcaneal ligaments), and
posterior pouch of the posterior joint with its syno-
vial lining.

Instrumentation through the anterior portal pro-
vides access to the lateral compartment of the pos-
terior facet. The medial, anterior, and posterior com-
partments cannot be reached through the anterior
portal. In addition, there is significant risk of iatro-
genic damage to the underlying subchondral bone;
therefore it is not recommended that the anterior
portal be used for instrumentation of the posterior
facet.

The anterior and lateral compartments of the pos-
terior facet and structures located in the extraartic-
ular sinus tarsi are best accessed by placing the
arthroscope through the anterior portal and the in-
struments through the middle portal. By avoiding
posterior portal placement, potential damage to the
sural nerve is averted. In addition, excellent visual-
ization of the medial and posterior compartments of
the posterior facet is possible, even though they can-
not be instrumented via the middle portal. This por-
tal combination is thus recommended for visualiza-

tion and instrumentation of the sinus tarsi and the
anterior and lateral compartments of the posterior
subtalar joint, as well as when only visual inspec-
tion of the medial and posterior compartments is
necessary.

OS TRIGONUM AND STIEDA’S PROCESS

Gross Anatomy

Terminology regarding the anatomy of the posterior
aspect of the talus and subtalar joint can be confus-
ing. The posterior surface of the talus, or “proces-
sus posterior,” consists of the posteromedial and
posterolateral processes, also known as tubercles
(Fig. 1.7). Between these tubercles glides the flexor
hallucis longus tendon in its small sulcus, which is
directed obliquely downward and inward, angling
anteriorly.7 The larger posterolateral process, also
called Stieda’s process, can vary markedly in size.
It is in direct continuity inferiorly with the postero-
lateral aspect of the articular surface of the talus,
making it a partially intraarticular structure and thus
possible to examine arthroscopically.7 Its superior
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FIGURE 1.7. Posterior surface of the talus con-
sists of both the posteromedial and posterolat-
eral processes, also known as tubercles. Be-
tween the tubercles lies the flexor hallucis longus
tendon in a small sulcus.
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surface, however, is nonarticular, being part of the
insertion of the posterior talofibular ligament and a
portion of the fibuloastragalocalcaneal ligament of
Rouviere and Canela Lazaro.7 Occasionally, an ac-
cessory ossicle communicates with the posterolat-
eral tubercle, and this is called the os trigonum. It
too has multiple surfaces: anterior, inferior, and pos-
terior. The anterior surface articulates with the pos-
terolateral tubercle and the inferior surface with the
os calcis. The posterior surface is nonarticular.
When the os trigonum fuses, it is termed a trigonal
process and becomes essentially a large lateral ar-
ticulating tubercle.7 It is often difficult to discern a
fracture of Stieda’s process from an os trigonum
based on radiographs alone. Computed tomography
(CT) scans and views of the opposite foot are some-
times helpful.8

The medial tubercle of the talus, an extension of
the medial talar surface, provides an attachment site
for a portion of the deep and superficial deltoid lig-
ament, the medial talocalcaneal ligament, and part
of the fibrous tunnel overlying the flexor hallucis.7

When large enough, it is occasionally responsible
for talocalcaneal coalitions. It should also be noted
that posterior osteophytes can occur in the posterior
region of the subtalar joint, which can be ap-
proached arthroscopically.

None of these terms should be confused with the
lateral process of the talus, which is a distinctly dif-
ferent structure located on the mid-lateral aspect of
the talus. It serves as the insertion of the lateral talo-
calcaneal ligament but is of arthroscopic importance
because it is a palpable bony landmark and can be
identified intraarticularly as the floor of the lateral
gutter of the subtalar joint and capsule.

Arthroscopic Anatomy and Portals

Arthroscopic excision of the os trigonum is an ad-
vanced arthroscopic technique and has been re-
ported to be a good alternative to open treatment for
patients who require surgical intervention. Com-
pared to open incisions, properly placed arthro-
scopic portals offer a decreased risk of skin necro-
sis, incisional neuromas, and cutaneous scarring.

Subtalar arthroscopy using standard portals is
performed first. The borders of the os trigonum are
carefully identified using specialized small-joint in-
strumentation. Care must be taken when working
near the posterior and medial borders to avoid in-
jury to the flexor hallucis longus and posterior tib-

ial neurovascular bundle. When free of soft tissue
attachments, the os is delivered with a grasper
through an enlarged posterior portal. An accessory
posterior subtalar portal is occasionally required un-
der these circumstances (Fig. 1.8).

RETROCALCANEAL BURSA AND
HAGLUND’S DEFORMITY

Gross Anatomy

The retrocalcaneal bursa is a consistently present,
horseshoe-shaped structure located between the pos-
terosuperior process of the calcaneus and the
Achilles tendon9 (Fig. 1.9). The distance from the
calcaneal insertion of the Achilles tendon to the tip
of the posterosuperior portion of the calcaneus is
usually 2–3 cm. Although it is possible to obtain a
bursogram of the retrocalcaneal bursa, the potential
space usually contains only 1 ml or so of fluid, mak-
ing it difficult to enter the bursa with an arthroscope.
It can, however, be approached endoscopically.

Endoscopic Anatomy and Portals

Open procedures to remove the retrocalcaneal bursa
and accompanying calcaneal exostosis have been
described using single and double incisions. An en-
doscopic procedure has also been described. As with
open procedures, to perform the endoscopic proce-
dure well the anatomy of the retrocalcaneal space
must be understood.

The superficial anatomy of the posterior aspect
of the hindfoot is not complex. The medial and lat-
eral borders of the Achilles tendon are easy to pal-
pate in all patients, and the posterosuperior aspect
of the calcaneus is easy to locate. The Achilles ten-
don inserts on the posterior margin of the calcaneus
approximately 2 cm distal to its posterosuperior
margin. The sural nerve runs, on average, 7 mm an-
terior to the anterior margin of the Achilles tendon.10

Care must be taken when making the lateral portal,
as the calcaneal branches of the lateral plantar nerve
are also at risk in this region. Furthermore, the lo-
cation of even a small portal in the area can cause
a long period of postoperative tenderness aggravated
by a firm heel counter when the patient returns to
wearing shoes.

Endoscopy of the bursa is approached using a
portal created just medial and lateral to the Achilles
tendon at the level of the retrocalcaneal bursa 

1: Gross and Arthroscopic Anatomy of the Foot / 7
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FIGURE 1.8. A,B. Portal placement for
removing the os trigonum. (From Kitaoka
HB (ed). Master Techniques in Ortho-
paedic Surgery: The Foot and Ankle, 2nd
ed. Lippincott Williams & Wilkins, 2002,
with permission.)
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(Fig. 1.10). A 3-mm vertical incision is made in
the skin, and the subcutaneous tissue is spread with
a mosquito clamp. The bursa is then entered with
a blunt trochar and cannula. Zimmer11 believed
that the bursa could be readily inspected arthro-
scopically along its entire course, from tendon in-
sertion to the most superior and posterior aspects
of the calcaneus.

Endoscopic calcaneoplasty has been described12

as a reasonable alternative to open resection of
Haglund’s deformity and the retrocalcaneal bursa.
Horizontal portals have been created just above the
superior aspect of the calcaneus medial and lateral
to the Achilles tendon. The arthroscope and any nec-
essary instrumentation can be utilized interchange-
ably through these portals. The endoscopic proce-
dure removes the posterior cortex of the calcaneus
starting at the posterosuperior aspect of the calca-
neus and moving inferiorly 2–4 cm beyond the su-

perior attachment of the Achilles tendon. No com-
plications have been reported with these incisions.

PLANTAR FASCIA

Gross Anatomy

The plantar fascia is the investing fascial layer of
the plantar aspect of the foot7,13 (Fig. 1.11). It con-
sists of a network of connective and adipose tissues
whose main function is to support and protect the
underlying structures of the foot. The plantar fascia,
a thick structure, originates from the medial cal-
caneal tuberosity, widens through the arch of the
foot, and distally inserts into the plantar aspect 
of the bases of proximal phalanges. Proximally, it 
receives fibers from the Achilles and plantaris ten-
dons. Histologically, it is composed of both colla-
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FIGURE 1.9. Retrocalcaneal bursa is a consis-
tently present, horseshoe-shaped structure lo-
cated between the posterosuperior process of the
calcaneus and the Achilles tendon.

4530_e01_p1-18  11/7/03  11:13 AM  Page 9



gen and elastic fibers. The plantar fascia is subcu-
taneous and divides into three major components:
central, lateral, and medial. The central fibers com-
prise the largest component. The plantar fascia is
approximately 1.5–2.0 cm wide at its origin and ex-
pands distally to its insertional sites.14 Its fibers are
longitudinally oriented and adhere to the underly-
ing flexor digitorum brevis muscle. On both sides it
surrounds the flexor digitorum brevis muscle and
thus forms the medial and lateral intermuscular
septa.

It is at the level of the metatarsals that the fas-
cia divides into five components that eventually in-
sert distally at the bases of the toes and the over-
lying subcutaneous tissues and skin. Proximal to
the metatarsophalangeal (MTP) joints, the longi-
tudinal tracts are connected by transverse bands
called the superficial transverse tract. The longitu-
dinal tracts insert at the bases of the proximal pha-
langes via natatory and mooring ligaments. The

longitudinal tracts, proximal to the metatarsal
heads, also give off deep septa that pass on either
side of the flexor tendons and insert onto the flexor
tendon sheaths, the interosseous fascia, the fascia
of the transverse head of the adductor hallucis, the
deep transverse metatarsal ligament, and the plan-
tar plate and collateral ligaments of the MTP
joints.14

The lateral component is approximately 1.0–1.5
cm wide at its origin, before it extends toward the
cuboid. Here, it divides into medial and lateral
components, inserting into the base of the fifth
metatarsal and the abductor digiti minimi fascia.
The medial component, an extremely thin struc-
ture, forms most of the investing fascia of the ab-
ductor hallucis muscle. It is a more distinct struc-
ture distally.

The posterior tibial nerve provides multiple
branches (medial calcaneal, medial plantar, and lat-
eral plantar nerves) that cross the plantar medial as-
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FIGURE 1.10. Endoscopy of the bursa is carried out using portals created just medial and lateral to the Achilles tendon
at the level of the retrocalcaneal bursa.
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pect of the foot and heel. The first branch of the lat-
eral plantar nerve (nerve to the abductor digiti
quinti) passes just anterior to the medial calcaneal
tuberosity (Fig. 1.12). The medial and lateral plan-
tar nerves travel together under the abductor hallu-
cis muscle. Distally, the medial plantar nerve trav-
els under the abductor hallucis and then branches
more superficially. The lateral plantar nerve
emerges from under the abductor hallucis and fol-
lows an oblique course through the central com-
partment (Fig. 1.13). It lies between the flexor dig-

itorum brevis and the quadratus muscle. Before be-
ginning its course underneath the abductor hallucis,
the lateral plantar nerve gives off a small branch,
the nerve to the abductor digit minimi muscle. This
nerve travels next to the medial calcaneal tubercle
and passes laterally to innervate the abductor digiti
minimi. There are also multiple calcaneal nerves,
which may vary in number and course. Most of these
nerves pass posterior to the lateral plantar nerve be-
fore terminating in the posteromedial aspect of the
heel.

1: Gross and Arthroscopic Anatomy of the Foot / 11

FIGURE 1.11. Plantar fascia is an investing fascial layer of the plantar aspect of the foot. It consists of a complex net-
work of connective and adipose tissues that support and protect the underlying structures of the foot.
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Arthroscopic Anatomy and Portals

Several structures are potentially at risk when us-
ing the endoscopic technique15 for plantar fascial
release, especially as most of these structures are
not visualized during the procedure (Fig. 1.14).
The structures at risk are the medial plantar nerve,
lateral plantar nerve, nerve to the abductor digiti
minimi, and intrinsic muscles. Hofmeister et al.16

found that the calcaneal nerves were not at high
risk for injury as they did not encounter any dur-
ing dissection, although they did warn that the
nerves have a variable course and should be care-
fully considered during endoscopy. The medial
plantar nerve was found to be dorsal and medial to
the area of dissection and was at low risk for in-
jury. The lateral plantar nerve is not endangered so
long as one is careful to keep both knife and en-
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FIGURE 1.12. First branch of the lateral plantar nerve passes just anterior to the medial calcaneal tuberosity.
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doscope in the superficial layers. The nerve to the
abductor digiti minimi is also thought to be pro-
tected because of its proximity to the medial cal-
caneal tubercle. By placing the incision 1 cm dis-
tal to this tubercle, the nerve was not damaged in
any of Hofmeister et al.’s specimens. The only
structure injured while performing this technique
was the flexor digitorum brevis, and damaged mus-
cle fibers were clearly visualized through the en-
doscope. Great care must be exercised to avoid en-
tering the central compartment where one may
encounter intrinsic muscles and the lateral plantar
nerve. Hofmeister et al.’s study also revealed that
when using a one-portal technique for endoscopic
plantar fascia release the average distances to the
lateral plantar nerve and the nerve to the abductor
digiti minimi are 10.5 and 12.3 mm, respectively.
The flexor digitorum brevis muscle was partially
transected in 46% of cases, and the average tran-
section was 0.8 mm. Hofmeister et al. concluded
that the endoscopic approach to release of the plan-
tar fascia provides adequate release and does not
appear to pose any danger to the underlying neu-
rovascular structures.

Hawkins et al.17 also studied the anatomy and
structures at risk while performing an endoscopic
plantar fascia release. They attempted 75% release
using a two-portal technique. They found that par-
tial release was possible, but controlling the exact
percentage of the release was difficult. The release
averaged 82% of the width of the fascia (range
53–100%). These authors noted that whereas the
medial portion of the fascia was easy to identify
through the endoscope the lateral border was not.
They noted no damage to the first branch of the lat-
eral plantar nerve in any specimen (the structure re-
ported to be most at risk during the procedure). The
release of the deep fascia of the abductor hallucis
muscle was not possible in their study.

FIRST METATARSOPHALANGEAL JOINT

Gross Anatomy

Minimal stability is provided by the shallow ball-
and-socket articulation between the proximal pha-
lanx and the metatarsal head. The soft tissues, 
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FIGURE 1.13. Course of the first branch of the lateral plantar nerve.
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FIGURE 1.14 A,B. Several structures are at risk when performing endoscopic plantar fascia release, especially because
most are not visualized during the procedure.
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including the capsule, ligaments, and musculo-
tendinous structures, provide most of the support to
the first MTP joint.

The extensor hallucis longus tendon divides the
dorsum in half to the first MTP joint. Branches of
the deep peroneal nerve innervate the lateral half,
and branches of the superficial peroneal nerve in-
nervate the medial half. The terminal branches of
the saphenous nerve innervate the medial aspect of
the great toe (Fig. 1.15).

The sesamoids are within the medial and lateral
portions of the flexor hallucis brevis tendon on the
plantar aspect of the first MTP joint. The sesamoids
are enveloped by the split tendon of the flexor hal-
lucis brevis, which sends fibers to the plantar plate
and subsequently attaches to the proximal aspect of
the proximal phalanx. The plantar plate is a strong
fibrous structure that inserts on either side of the
MTP joint. The flexor hallucis longus tendon is both
superficial and between the two heads of the flexor
hallucis brevis tendon.

Arthroscopic Anatomy and Portals

The dorsal medial, dorsal lateral, and straight me-
dial portals are the most commonly used for the
arthroscopic procedure. The dorsal medial and dor-
sal lateral portals are placed at the joint line and on
either side of the extensor hallucis longus tendon
(Fig. 1.16). The straight medial portal is placed
through the medial capsule midway between the
dorsal and plantar aspects of the joint, usually un-
der direct visualization. Using a 4-mm longitudinal
skin incision, the subcutaneous tissue is spread with
a mosquito clamp to prevent neurovascular injury,
and the joint is entered with an interchangeable can-
nula using a semiblunt trocar.

A 10-point arthroscopic examination of the MTP
joint, performed through the dorsal lateral portal, in-
cludes the following: (1) lateral gutter; (2) lateral
corner of the metatarsal head; (3) central portion of
the metatarsal head; (4) medial corner of the
metatarsal head; (5) medial gutter; (6) medial por-

1: Gross and Arthroscopic Anatomy of the Foot / 15

FIGURE 1.15. Structures at risk during portal place-
ment for the first metatarsophalangeal joint.
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tion of the proximal phalanx; (7) central portion of
the proximal phalanx; (8) lateral portion of the prox-
imal phalanx; (9) medial sesamoid; and (10) lateral
sesamoid. The dorsal medial portal provides supe-
rior visualization of the dorsal aspect of the meta-
tarsal head and proximal phalanx. The medial and
lateral sesamoids are well visualized from the me-
dial portal as well.

CALCANEOCUBOID JOINT

Gross Anatomy

The calcaneocuboid joint comprises part of Cho-
part’s articulation in the midfoot. It is saddle-
shaped, concave transversely and convex vertically,
and plays a major role in midfoot motion as one of
the transverse tarsal articulations. Medial and lateral

calcaneocuboid ligaments help stabilize this joint,
the former of which is part of the bifurcate ligament
complex.7 The inferior calcaneocuboid ligaments,
known as the long and short plantar ligaments, are
the stoutest of these and extend beyond the cuboid
to attach to the bases of metatarsals 3–5, helping to
maintain the longitudinal arch. There is also a small
dorsal ligament of lesser significance. Inferiorly, the
sural nerve and the peroneal tendons course through
this region and must be protected. Superiorly, the
extensor digitorum brevis and the peroneus tertius
are in immediate proximity.

Arthroscopic and Portal Anatomy

Arthroscopic examination of the calcaneocuboid
joint has recently been considered. Specifically, su-
perior, middle, and inferior portals can be created
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for access to the joint (Fig. 1.17). Care must be taken
with skin incisions to avoid penetration below the
dermal layer to avoid damage to the underlying sural
nerve and tendons. The peroneus tertius provides a
good landmark for superior portal placement, as
does the peroneus brevis for inferior placement.
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chapter 2

Gross and Arthroscopic 
Anatomy of the Ankle

Richard J. Mason and Craig D. Morgan

Major technologic advances in fiberoptic light
transmission, video cameras, and instrumentation
have allowed great advances in small-joint arthro-
scopy.1–5 Arthroscopy in particular is now a well
established procedure for accurate diagnosis and
operative management of certain ankle disor-
ders.1–12 The small size of the ankle and significant
periarticular soft tissue structures make placement
and advancement of the arthroscope and instru-
mentation more difficult than in larger joints. Suc-
cessful arthroscopy of the ankle requires knowledge
of the regional anatomy and a familiarity with the
available arthroscopic portals. This chapter high-
lights the gross and arthroscopic anatomy of the an-
kle as it relates to current arthroscopic techniques.
Particular emphasis is placed on the anatomic rela-
tions of the important osseous and soft tissue struc-
tures to assist the reader in developing a safe, re-
producible approach to arthroscopic treatment of
ankle pathology.

GROSS ANATOMY

Surface Anatomy and Soft Tissue Structures

Familiarity with surface anatomy and soft tissue
structures of the ankle is imperative if complications
are to be avoided during arthroscopy. Neurovascu-
lar structures and tendons are at risk if portals are
improperly placed. This section reviews the topical
anatomy as it pertains to arthroscopic approaches.

We then review the neurovascular structures, ten-
dons, ligaments, and plicae of the ankle.

Surface Anatomy of the Ankle

The anterior joint line is superficial and palpable,
being separated from skin only by the subcutaneous
layer, extensor tendons, anterior neurovascular
structures, and the anterior capsule. The lateral as-
pect of the anterior joint line is found just lateral to
the peroneus tertius tendon and just above the pal-
pable lateral trochlear ridge of the talus. The medial
side of the joint is identified by palpating the soft
spot just medial to the anterior tibial tendon and in-
ferior to the proximal corner of the medial malleo-
lus (Figs. 2.1, 2.2). In contrast, the posterior tibio-
talar joint is not easily palpated owing to 3–4 cm of
thick fibroadipose tissue located between the
Achilles tendon and the flexor tendons of the foot.
There is, however, a constant 2-cm window located
posterolaterally between the Achilles tendon, pe-
roneal tendons, and flexor hallucis longus, where
the posterior capsule is covered only by thin fibrous
tissue and skin. The posterolateral approach is made
in this area (Fig. 2.3).

Neurovascular Structures

Three major sensory nerves cross the ankle joint in
the subcutaneous layer of the ankle: saphenous, su-
perficial peroneal, and sural nerves. Most of these
nerves are found with accompanying veins (Fig.
2.2B). These nerves are most vulnerable to injury
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during arthroscopy because they are small and have
a somewhat variable location; each is located near
a commonly established arthroscopic portal. Voto et
al.13 showed in cadaver studies that the location of
the subcutaneous nerves about the ankle does 
not change significantly with ankle motion, distrac-
tion, or joint distension. However, their anatomic 
location is somewhat variable from specimen to
specimen.

The saphenous nerve and great saphenous vein
pass over the anterior edge of the medial malleolus
(Fig. 2.4). Anteriorly, the nerve is located close 
to the site of the anteromedial portal, which falls 
5 mm below the anteromedial joint line just medial
to the palpable anterior tibialis tendon. The nerve
and vein are at risk if the portal is made too far me-
dially. The superficial peroneal nerve is a terminal
branch of the common peroneal nerve. In the mid-
anterolateral leg region, the terminal sensory por-
tion of the superficial peroneal nerve becomes sub-
cutaneous and bifurcates into medial and lateral
branches. These branches further subdivide at the
level of the ankle joint to supply sensation to the
dorsum of the foot. With use of the anterolateral
portal the lateral branch is at risk.

Posterolaterally, the sural nerve and short saphe-
nous vein are located subcutaneously just posterior
to the peroneal tendons behind the lateral malleolus
(Fig. 2.5A). As the sural nerve curves distally un-
der the lateral malleolus, it lies approximately
1.5–2.0 cm below the tip of the lateral malleolus and
then proceeds distally along the lateral border of the
foot, supplying sensation to this area. During ankle
arthroscopy the sural nerve is vulnerable to injury
at the posterolateral portal site1,3,7,9 and the point of
insertion of a laterally based calcaneal distraction
pin.3 To avoid the sural nerve when using the pos-
terolateral approach, it is recommended that the skin
portal be made adjacent to the lateral border of the
Achilles tendon rather than straying laterally near
the nerve (Fig. 2.6).

Two major neurovascular bundles cross the an-
kle joint. The dorsalis pedis artery (terminal branch
of the anterior tibial artery) and the deep peroneal
nerve make up the anterior neurovascular bundle.
This bundle lies between the tibialis anterior and the
extensor hallucis longus proximal to the joint.
Roughly 2 inches above the ankle joint the bundle
courses from the interosseous membrane to the an-
terior tibial margin and passes under the extensor
retinaculum, lying just underneath the tendon of the
extensor hallucis longus at the level of the anterior
joint line. Distal to the joint the bundle lies between
the extensor hallucis longus and the extensor digi-
torum longus14,15 (Fig. 2.2B). This bundle is most
likely to be damaged with use of the anterocentral
portal, so the anterocentral portal is no longer rec-
ommended. The posterior neurovascular bundle is
composed of the posterior tibial artery, venae comi-
tantes, and posterior tibial nerve. This bundle passes
behind the medial malleolus in the tarsal tunnel be-
tween the tendons of the flexor digitorum longus
and flexor hallucis longus.14,15

Tendons

Beyond the subcutaneous layer lies the deep fascia,
and deep to the fascia lie the tendons. Four sets of ten-
dons cross the ankle joint: the anterior, posteromedial,
posterolateral, and posterior tendons (Fig. 2.2). The
anterior tendons (tibialis anterior, extensor digitorum
longus, extensor hallucis longus, peroneus tertius) are
the ankle dorsiflexors and toe extensors. The pos-
teromedial tendons (tibialis posterior, flexor digitorum
longus, flexor hallucis longus) pass behind the medial
malleolus and plantar flex; they invert the ankle and
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FIGURE 2.1. Anterior surface anatomy of the right ankle
with the anterior portals marked.
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flex the toes. The posterolateral tendons (peroneus
longus and brevis) pass behind the lateral malleolus
and are evertors of the ankle. The posterior tendons
(Achilles, plantaris) lie posteriorly in the midline and
are flexors of the ankle joint.14,15

Ligaments

The ligaments of clinical and arthroscopic impor-
tance in the ankle originate from the medial and lat-
eral malleoli. On the medial malleolus the anterior
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FIGURE 2.2. A: Superficial anatomy
(anterior).
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FIGURE 2.3. Posterior surface anatomy of the right ankle with posterior portals marked.

FIGURE 2.2 (continued ). B: Posterior neurovascular structures and posterior portal sites of left ankle. Trans-Achilles
tendon (TAT) and posteromedial (PM) portals are not recommended. 

B
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and posterior colliculi are two distinct distal medial
prominences from which the deltoid ligament orig-
inates. The deltoid ligament is a thick, strong liga-
ment that consists of superficial and deep fibers
(Fig. 2.7). The superficial fibers originate primarily
from the anterior colliculus and run extraarticularly
as a continuous sagittal sheet. This sheet consists of
four segments that insert on the talus, the calcaneus,
the spring ligament, and the navicular, respectively.
The deep portion of the deltoid ligament is intraar-
ticular, is covered only by synovium, and is hori-
zontally oriented, running from the intercollicular
notch and posterior colliculus to the posteromedial
surface of the talus.3,14,15

The lateral malleolus gives origin to five distinct,
strong extraarticular ligamentous structures: (1) an-
terior talofibular ligament; (2) posterior talofibular
ligament; (3) calcaneofibular ligament; (4) an-
teroinferior tibiofibular ligament; and (5) posteroin-
ferior tibiofibular ligament with its most deeply lo-
cated anterior extension, the transverse ligament or
transverse tibiofibular ligament (Figs. 2.7, 2.8).3,14

This transverse ligament is extraarticular and is cov-

ered with synovium, forming the posterior plica of
the ankle (Fig. 2.9). This synovial covering may hy-
pertrophy and cause pathologic hindfoot impinge-
ment pain when the transverse ligament is pinched
between the posterior tibial lip and the posterior
tibiofibular ligament during plantar flexion (Fig.
2.10). This entity usually responds well to partial
resection.3,16,17 This synovial lining over the trans-
verse ligament is frayed or absent in up to 70% of
older patients.14

Synovial Folds (Plicae)

Synovial folds, or plicae, are a normal part of the
chondrosynovial interface in all movable joints.
They allow the synovium to slide on the capsule or
articular surface. In the ankle joint they are located
at the anterior and posterior tibiotalar junctions and
the talomalleolar spaces, and they project from the
inferior, most intraarticular portion of the distal
tibiofibular syndesmosis (Fig. 2.11). As mentioned,
the posterior plica is simply the synovial covering
of the transverse tibiofibular ligament (Fig. 2.12).
Thickening and hypertrophy of the synovial folds
due to trauma, adhesions, or chronic impingement
may cause them to become a source of pathologic
ankle pain and mechanical symptomatology. This is
most commonly true for the synovial fold found in
the anterosuperior aspect of the lateral talomalleo-
lar joint, which causes the lateral synovial im-
pingement lesion following traumatic inversion in-
jury to the ankle.2–4

Osseous Structures

The ankle joint is formed by the distal articulations
of the tibia, fibula, and talus. The medial malleolus,
tibial plafond, and lateral malleolus form the mor-
tise into which the talus articulates (Fig. 2.13). Its
bony structure and strong periarticular ligaments
stabilize this talocrural articulation.

Malleoli and Tibial Plafond

The medial and lateral malleoli are palpable subcu-
taneously and provide the primary fixed bony land-
marks of the ankle. The tip of the lateral malleolus
is located laterally, approximately 2 cm distally and
2 cm posteriorly compared to the medial position of
the medial malleolus. The anterior joint line is lo-
cated 2 cm proximal (cephalad) to the tip of the me-
dial malleolus. The posterior articular margin of the
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FIGURE 2.4. Cadaveric dissection of anterior left ankle.
Note the lateral malleolus (10), lateral branch of the su-
perficial peroneal nerve (9), saphenous vein and nerve
(5, 6), and medial malleolus (7). Arrows mark anterior por-
tal sites. The anterocentral portal is not recommended.
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FIGURE 2.5. A: Lateral ankle and struc-
tures at risk. B: Medial ankle and struc-
tures at risk.
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FIGURE 2.6. Cadaveric dissection of the lat-
eral left ankle. Note the lateral branch of the
superficial peroneal nerve (3), the sural nerve
and short saphenous vein (4), and the an-
terolateral portal (D).

FIGURE 2.7. Ankle ligaments of the
right ankle, posterior view.
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FIGURE 2.8. Lateral ligaments of the right an-
kle, lateral view.

tibia (posterior malleolus) projects 4–6 mm more
distal than the anterior articular margin (Fig. 2.14).
This relation is important in that posterior portals
are made more distally than anterior portals. With
inversion and eversion of the foot, in combination

with plantar flexion, the medial and lateral ridges of
the anterior talar dome are readily palpable just be-
low the joint line adjacent to the anterior tibialis ten-
don medially and just lateral to the peroneus tertius
tendon laterally. Palpation of these landmarks al-

FIGURE 2.9. Intraarticular dissection of the
left ankle. 1, syndesmosis; 2, posteroinferior
tibiofibular ligament; 3, transverse tibiofibular
ligament with overlying synovium.
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lows reproducible identification of the anterior
tibiotalar joint line, which is vital to proper anterior
portal placement.

The anterior articular margin of the tibia appears
as a relatively straight horizontal structure on mor-
tise radiographs and has a constant 3- to 5-mm notch
that recedes proximally near the junction of the me-
dial malleolus. Harty defined this unnamed notch14

and noted that it is best seen on anteroposterior (AP)
radiographs. This notch is important, as it provides
an extra space for passage of an instrument or
arthroscope beyond the medial margin of the talar
trochlear surface and into the middle and posterior

aspects of the joint using the anteromedial approach
(Figs. 2.13, 2.14).

Talus

The talar dome, also called the trochlear surface, is
wider anteriorly than posteriorly; it is convex in the
sagittal plane and slightly concave in the coronal
plane (Fig. 2.15). The transverse concavity creates
prominent medial and lateral margins to the dome
that are an etiologic factor for transchondral and
transcondylar fractures of the talar dome.18,19 These
prominent ridges can impede triangulation of in-
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FIGURE 2.10. Arthroscopic view of the posterior plica and
underlying transverse tibiofibular ligament of the left an-
kle. View is from the anterolateral portal with the probe
from the anteromedial portal resting on top of the syn-
ovium covering the ligament.

FIGURE 2.12. Arrow points to the medial talomalleolar
plica below the origin of the transverse ligament (3).

FIGURE 2.11. Sagittal section of ankle. Arrows point to
the anterior and posterior synovial folds. Note the more
distal position of the posterior joint line compared to the
anterior joint line.

FIGURE 2.13. Anterior view of osseous structures of the
right ankle. Arrowhead points to the anteromedial notch
defined by Harty. Arrow points to the concavity of the
trochlear surface of the talus.
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FIGURE 2.14. Anterior view of the malleoli and articular margins.

FIGURE 2.15. Superior view of the talus demonstrates a wider articular surface anteriorly. Coronal view shows trochlear
ridges and a central concavity.
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struments across the talus in the coronal plane when
using the standard anteromedial and anterolateral
portals.

ARTHROSCOPIC ANATOMY

Portal Anatomy

Arthroscopy has exposed the interior of the ankle
from a perspective previously unobtainable with
conventional open exposures. This exposure has re-
vealed a surprising amount of previously unappre-
ciated anatomy and pathology.3,4,11,12 The described
arthroscopic approaches to the ankle are divided into
anterior, posterior, and transmalleolar.2,10 The pri-
mary anterior portals are anterolateral and antero-
medial. The anterolateral and anteromedial portal
positions allow creation of adjacent accessory por-
tals for instrumentation should this need arise. The
posterior portals are rarely necessary with mechan-
ical distraction. Their use may be necessary when
pathology is located in the posterior compartment
and triangulation is not possible from anterior por-
tals. The most commonly used posterior portal is
posterolateral, which allows instrumentation of the
posterior compartment and is used by some sur-
geons to place a large-bore inflow cannula. The
trans-Achilles tendon and posteromedial portals are
of historic interest only and have been abandoned
because of the risk of injury to neurovascular struc-
tures and tendons.1–3,7–9,13,20 The posteromedial as-
pect of the ankle can be approached via the poste-
rior tibial tendon sheath portal. The transmalleolar
approaches are divided into the transmedial and
translateral. These approaches are used primarily to
treat osteochondritic lesions of the talar dome. An
alternative to the transmalleolar portal is the trans-
talar approach, which is used when treating chon-
dral and osteochondral pathology. This section re-
views the extraarticular anatomy pertinent to portal
placement and highlights the intraarticular anatomy
visualized through the standard portals.

Careful technique is imperative when establish-
ing arthroscopic portals around the ankle. The small
joint space and close proximity of tendons, nerves,
blood vessels, and important ligaments make the
risk of iatrogenic injury much greater than in larger
joints. Injury to these structures may be minimized
by making vertical portal incisions through skin
only. A small hemostat can then be used gently to
spread the subcutaneous tissue vertically in line with

the structures at risk. The subcutaneous and capsu-
lar layers are penetrated only by a cannula with a
blunt trocar. Using this approach, any significant
structure in close proximity to a given portal is
pushed aside uninjured by the blunt trocar. Once in
the joint, the cannula should not be removed until
the end of the procedure, thereby avoiding multiple
passes near the subcutaneous nerves and the risk of
fluid extravasation. Skin closure of the portal should
include skin and dermis only to avoid injuring the
subcutaneous nerves during closure.1,3,4

Anterior Portals

Anterolateral Portal

As with arthroscopy of the knee, the anterolateral
(AL) portal is the primary diagnostic one used for
initially placing the arthroscope in the ankle (Fig.
2.16). The AL portal is made 5 mm below the joint
line just lateral to the extensor tendons (Fig. 2.17).
The lateral cutaneous branch of the superficial pe-
roneal nerve lies near this portal region and can usu-
ally be visualized and palpated by inversion and
plantar flexion of the ankle. From this approach one
can visualize the anteromedial (Figs. 2.18, 2.19), an-
terocentral (Figs. 2.20, 2.21), and most of the an-
terolateral areas of the tibiotalar joint (Figs. 2.22,
2.23). With the assistance of a distraction device,
the arthroscope is advanced posterocentrally and
posterolaterally to visualize the central and poste-
rior compartments (Fig. 2.24). The significant struc-
tures in these compartments are the intraarticular as-
pects and synovium of the distal tibiofibular
syndesmosis, the posterior tibiofibular ligament, the
transverse ligament, and the synovial plicae that
overlie the transverse ligament (Figs. 2.25, 2.26).

Anteromedial Portal

Some arthroscopists establish the anteromedial
(AM) portal as the primary diagnostic portal.4,5

The AM portal is created 5 mm distal to the joint
line, just medial to the anterior tibial tendon (Fig.
2.17). If the AL portal is established first, light
from the arthroscope can be used to identify the
course of the saphenous vein and nerve during es-
tablishment of the AM portal (Fig. 2.27). From this
location, instrumentation may be advanced into the
interior of the joint through the anterior tibial notch
of Harty near the medial malleolus.3,14 The AM
portal is initially used for placing a diagnostic
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FIGURE 2.16. View of the right
ankle during arthroscopy. Arthro-
scope is in the anterolateral (AL)
portal; cannula is in the antero-
medial (AM) portal.

FIGURE 2.17. Superficial dissection of the anterior left an-
kle. A: AM portal. B: Accessory anteromedial (AAM) por-
tal. C: Anterocentral (AC) portal. D: AL portal. 1, saphe-
nous nerve and vein; 2, medial branch superficial
peroneal nerve; 3, lateral branch of the superficial pe-
roneal nerve.

FIGURE 2.18. Anterior compartment, medial view. The
probe is in the AM portal.

probe or a motorized shaver, which is used to clear
synovium that blocks visualization in the front of
the joint. Following an accurate diagnosis, trian-
gulation may be done by alternately switching the
instruments and arthroscope between the AM and
AL portals. In general, surgical instrumentation is
inserted on the same side as the pathology, with
the scope placed from the opposite anterior ap-

proach. Thus, visualization in the posterolateral
compartment is best done with the arthroscope
placed anteromedially.

Accessory Anteromedial and Anterolateral Portals

The accessory anteromedial (AAM) and anterolat-
eral (AAL) portals are made approximately 1.5 cm
below their respective standard portals (Fig. 2.17).
They are used primarily for placing instruments in
the talomalleolar spaces, with the scope placed in
the ipsilateral standard anterior portal. When used
in combination with their standard approaches,
crowding is usually a problem. For this reason, ac-
cessory portals are avoided if possible.
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Anterocentral Portal

The anterocentral (AC) portal is no longer recom-
mended because of its close proximity to the dor-
salis pedis artery and the terminal branch of the
deep peroneal nerve (Fig. 2.2B). A pseudo-
aneurysm of the dorsalis pedis artery has been re-
ported as a complication of this approach.11,12

Other complications are inevitable should use of
this portal be continued.

Posterior Portals

Posterolateral Portal

The posterolateral (PL) portal is made in the trian-
gular space between the Achilles and peroneal ten-
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FIGURE 2.19. Tip of the medial malleolus and medial ta-
lar ridge viewed from the AL portal.

FIGURE 2.21. Middle compartment of the right ankle
viewed from the AL portal.

FIGURE 2.20. Anterocentral compartment viewed from
the AL portal.

FIGURE 2.22. Midlateral view showing syndesmosis.

FIGURE 2.23. Lateral talomalleolar view showing the an-
teroinferior tibiofibular ligament running obliquely just lat-
eral to the talar dome.
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FIGURE 2.25. Arthroscopic view of the posterolateral com-
partment. Probe is under the posteroinferior tibiofibular lig-
ament. Transverse ligament is under the probe at 4 o’clock.

FIGURE 2.24. Right ankle with a
lateral invasive distraction device.
Arthroscope is in the AL portal;
probe is in the AM portal.

FIGURE 2.26. Arthroscopic view of the posterocentral and
posteromedial left ankle with a torn posterior capsule. The
flexor hallucis longus (FHL) is visualized centrally, with
the posterior tibial artery and nerve just posteromedial to
the tendon.

dons. This portal is made roughly 1 cm more distal
than the corresponding AL portal owing to the more
distal location of the posterior joint line. The skin
incision for the PL portal should be made adja-
cent to the lateral border of the Achilles tendon (Fig.
2.3). This reduces the risk of damage to the sural
nerve and short saphenous vein, which lie farther
laterally (Fig. 2.6). Care should also be taken to not
stray too distally, as the subtalar joint may be en-
tered inadvertently.

The PL portal is the only posterior portal rec-
ommended for routine use (Fig. 2.28). As dis-
cussed previously, it is used for instrumenting the
posterior compartment when triangulation from
anterior portals is unsuccessful (Fig. 2.29). It is

also used for fluid inflow or for placing the arthro-
scope for viewing the posterior compartment11,12

(Fig. 2.30).

Trans-Achilles Tendon Portal

The trans-Achilles tendon (TAT) approach, as of this
writing, is not necessary. Improved methods of dis-
traction and other approaches have made it obsolete.

Posteromedial Portal

The posteromedial (PM) portal is also not recom-
mended by us. The posteromedial corner of the joint
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can be approached via the posterior tibial tendon
sheath portal.

Posterior Tibial Tendon Sheath Portal

The posterior tibial tendon and its sheath course
around and below the tip of the medial malleolus.
Its sheath can be entered about 1.5 cm above the tip
of the medial malleolus. Once inside the sheath from
either direction, the obturator of a 2.7-mm cannula
can be carefully and bluntly passed through the in-
ner border of the sheath, penetrating the capsule and
synovium to gain access to the ankle joint. Entry
from the proximal position is preferred in most
cases.
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FIGURE 2.27. Right ankle with arthroscope in the AL por-
tal transilluminating the position of the saphenous vein
prior to establishing the AM portal.

FIGURE 2.28. Positioning for use
of the PL portal in the right ankle.
Arthroscope is in the AM portal;
shaver is in the PL portal.

FIGURE 2.29. View of the shaver in the posterolateral
compartment.
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Transmalleolar Approaches

The translateral and transmedial portals were de-
veloped to approach osteochondritic defects of the
talar dome at an angle perpendicular to the base of
the lesion. This approach decreases the risk of dam-
aging adjacent healthy articular cartilage. The me-
dial transmalleolar approach (MTM) is indicated
more frequently than the lateral (LTM), as medial
talar lesions are commonly located more posteriorly
on the talar dome, and the medial malleolus is lo-
cated more anteriorly than the lateral malleolus. An
arthroscopic anterior cruciate ligament (ACL) drill
guide facilitates accurate intraarticular pin place-
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FIGURE 2.30. Arthroscopic inflow cannula in the PL por-
tal.

FIGURE 2.31. Technique of transmalleolar drilling using the anterior cruciate ligament (ACL) drill guide.
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ment. The guide is placed through the anterior por-
tal and placed on the tibial plafond over the talar le-
sion. A transmalleolar portal is then made 2–3 cm
above the tip of the respective malleolus (Fig. 2.31).
The pin is drilled through the malleolus until the tip
is visualized intraarticularly. The talar lesion is po-
sitioned under the pin by dorsiflexion or plantar
flexion of the foot, and multiple holes are drilled in
the base of the crater2–4,18,19 (Fig. 2.32).

ANKLE DISTRACTION

Many surgeons find ankle distraction a valuable
technique that allows visualization and instrumen-
tation of the posterior compartment of the ankle
from the standard anterior portals. Invasive and 
noninvasive distraction devices are used for this 
purpose.1,3,4,10 These devices and techniques are 
reviewed in Chapter 5. This section reviews the
anatomy and structures at risk during placement of
pins for medial and lateral invasive distraction.

Lateral distraction is well accepted and used
more frequently than medial distraction.3,4,10 This
instrumentation requires a proximal tibial pin and
a distal calcaneal pin. The tibial pin can be placed

either just above or far above the joint line. The
surgeon must be cognizant of the location of the
anterior neurovascular bundle during tibial pin
placement. The calcaneal pin is placed at least 3
cm distal to and on a 30- to 40-degree angle pos-
teroinferiorly from the tip of the lateral malleolus.
This decreases the risk to the sural nerve and small
saphenous vein, which are located cephalad to the
pin site (Fig. 2.33).

Medial distraction is occasionally used to ap-
proach posteromedial pathology from the AM por-
tal. Medially based invasive distraction places the
proximal tibial pin 1.5 cm above the joint and the
distal pin in the talus. The distal pin is usually placed
approximately 5 mm inferior and 5 mm anterior 
to the palpable tip of the medial malleolus.3,11,12

The anterior neurovascular bundle is at risk if the
proximal pin is placed too anteriorly. The posterior
neurovascular bundle is jeopardized with excessive
posterior placement of the distal pin. The more su-
perficial saphenous nerve and vein are at risk with
both proximal and distal pin placement. The nerve
and vein run just posterior to the recommended
proximal pin site and just anterior to the recom-
mended insertion point for a medially based talar
distraction pin (Fig. 2.34).
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FIGURE 2.32. Lateral view of
transmalleolar drilling demon-
strating dorsiflexion and plantar
flexion of the talus to position
the lesion under the pin.
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FIGURE 2.34. Structures at
risk when medially based in-
vasive distraction is under-
taken.
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FIGURE 2.33. Structures at risk when lat-
erally based invasive distraction is under-
taken.
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chapter 3

Examination and Differential 
Diagnosis of the Foot and Ankle for
Arthroscopic-Endoscopic Surgery

Lew C. Schon, Steven L. Haddad, and John T. Campbell

Physical examination is the most important tech-
nical skill in the arthroscopist’s armamentarium.
Physical examination and history taking represent
the first and most critical steps in the process of
formulating a diagnosis. The importance of inter-
preting the findings of other diagnostic tools such
as radiography, computed tomography (CT), and
magnetic resonance imaging (MRI) in the context
of the clinical examination cannot be overempha-
sized. Similarly, the clinical significance of
arthroscopic findings should be evaluated in light
of the preoperative differential diagnosis estab-
lished on the foundation of the carefully obtained
history and physical examination. By reinforcing
these basic components, this chapter strives to im-
prove the ultimate diagnostic and therapeutic
skills of arthroscopists who treat foot and ankle
disorders.

PRINCIPLES OF EXAMINATION

The physical examination consists of seven steps
conducted sequentially: observation, palpation,
range of motion testing, strength evaluation, neu-
rovascular assessment, disorder-specific maneuvers,
and dynamic assessment.

Observation

The first step when evaluating the foot and ankle is
a global visual inspection of the patient’s body habi-
tus, gait pattern, and lower extremity alignment. As
the patient enters the examination room, gait pattern
is observed to detect any gross abnormality, such as
an antalgic limp, varus or valgus thrust, slapping
(steppage) gait, or circumduction. The patient’s
habitus can also provide clues to pathophysiologic
conditions, with obesity often associated with symp-
tomatic mechanical problems of the lower extremi-
ties. A slender build may indicate a generalized level
of fitness, particularly in athletes, but may also sug-
gest subtle metabolic or endocrinologic abnormali-
ties (e.g., female distance runners with anorexia,
amenorrhea, or osteopenia).

Adequate assessment of the feet and ankles re-
quires removing trousers (or rolling up the pant legs)
to examine the lower thigh and removing shoes and
socks from both feet to allow side-by-side compar-
ison. Next, the overall alignment of the body is as-
sessed. Proximally, one looks for scoliosis, pelvic
obliquity, and excessive anteversion or retroversion
of the hips. Other observations include looking for
deformity of the knee (e.g., flexion contracture,
genu varum, genu valgum, procurvatum, recurva-
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tum) and varus or valgus malalignment of the an-
kle. Limb length discrepancy is noted, and deter-
minations are made at which level the discrepancy
occurs. Systematic assessment of the alignment of
the foot proceeds from proximal to distal, assessing
heel valgus or varus, tarsal abduction or adduction,
and relative pronation or supination of the forefoot.
Assessment of toe alignment includes identifying
hallux valgus, hallux varus, and claw, hammer, mal-
let, or splaying deformities. Relative toe lengths are
noted, especially short first metatarsals and long sec-
ond metatarsals. The global shape of the foot, such
as a pes planus or a pes cavus deformity, is also con-
sidered. Subtle differences in the shape of the foot
may provide insight into diagnosis. For example,
pes plano valgus due to insufficiency of the poste-
rior tibialis tendon typically encompasses heel val-
gus with forefoot pronation and abduction. Con-
versely, pes planus with foot abduction without heel
valgus may be due to instability or arthrosis of the
tarsometatarsal joint complex after a traumatic in-
jury. Comparison of the symptomatic and asympto-
matic sides is useful because symmetric deformity
may represent physiologic or “normal” alignment,
whereas asymmetry typically suggests a pathologic
process.

The final phase of inspection focuses on local
phenomena of the foot and ankle. Edema is often
the most apparent clinical sign consistent with an
acute injury or a chronic local disease process, al-
though it can be present with systemic disorders as
well. The location must be carefully noted: If the
edema is focal in nature, it may indicate injury to
underlying structures. For example, doughy edema
over the shaft of a metatarsal may indicate a stress
fracture of that bone. Similarly, ecchymosis may lo-
calize the site of an acute injury. In some cases, how-
ever, the injury is remote from the bruising; for ex-
ample, ecchymosis near the plantar skin of the heel
may be due to an ankle fracture. Skin lesions such
as ulcers, calluses, or fracture blisters and the pres-
ence of previous surgical incisions are noted be-
cause they may be part of underlying pathology and
may have an impact on subsequent surgical ap-
proaches. Erythema can indicate infection and other
inflammatory conditions such as arthritis or gout.
Finally, skin color changes accompanied by shini-
ness, hair loss, swelling, and soft tissue atrophy sug-
gest nerve dysfunction or reflex sympathetic dys-
trophy, although these conditions often present more
subtly without these physical findings.

Palpation

The first step when palpating the extremity is to as-
sess skin temperature. Warmth may be found di-
rectly over a fracture site or in association with syn-
ovitis or tenosynovitis. A more localized zone of
increased warmth may also be found in association
with an acute nerve injury. Diffuse warmth is char-
acteristic of infection, such as cellulitis, but may also
be found with reflex sympathetic dystrophy. With
more chronic nerve injuries, the zone of damage
may be relatively colder than surrounding skin ow-
ing to autonomic dysfunction.

Pain on palpation of a structure or region is one
of the most critical findings during the orthopedic
examination. While palpating a painful area, the
clinician considers the local anatomy and various
structures that may be producing the discomfort. For
example, pain with palpation over the anterolateral
ankle may indicate injury to the anterior talofibular
ligament, the lateral process of the talus, a chip frac-
ture of the anterior aspect of the fibula, or an injury
to a branch of the superficial peroneal nerve. The
patient’s response during palpation and the charac-
ter of the pain can help determine the structure in-
volved. A patient with a nerve injury may describe
pain as burning, shooting, tingling, or radiating
along the course of that nerve. Conversely, the lack
of such a complaint would make a diagnosis of
nerve injury less likely. Painful crepitus detected
during motion of a joint could indicate a fracture,
arthritis, loose body, chondral tear, or overlying
tenosynovitis. It is also important to realize that pal-
pating certain structures may be painful in the ab-
sence of pathology, so side-to-side comparison can
be helpful. An overriding principle during the or-
thopedic examination is that palpating the offend-
ing structure should reproduce some of the patient’s
symptoms, particularly the character, quality, and
intensity of the pain. Because multiple etiologies can
coexist, careful palpation to assess all structures in
the area is necessary.

Range of Motion

The joints of the foot and ankle should be individ-
ually examined for passive and acting range of mo-
tion. Diminished passive range of motion can be due
to soft tissue contractures of the joint, mechanical
blocks, or severe arthritis. Decreased active range
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of motion in the presence of a normal passive range
could be due to weakness, tendinopathy, or guard-
ing from pain.

To assess passive motion of a joint accurately,
the examiner must position his or her hands to mo-
bilize the joint of interest while immobilizing adja-
cent joints. To measure dorsiflexion and plantar
flexion of the ankle joint, the heel is held in a neu-
tral position to lock the subtalar joint (Fig. 3.1). Sub-

talar motion is tested with inversion/eversion of the
hindfoot while stabilizing the ankle in neutral posi-
tion (Fig. 3.2). Transverse tarsal motion is noted
with supination and pronation while stabilizing the
heel and mid-tarsus (Fig. 3.3), whereas motion of
the mid-foot complex can be elicited with supina-
tion, pronation, and dorsiflexion-plantar flexion
stresses, with one hand stabilizing the hindfoot and
transverse tarsal joints and the other hand securing
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FIGURE 3.1. Dorsiflexion (A)
and plantar flexion (B) of the
ankle. M, medial malleolus; N,
navicular. Vertical line indi-
cates the medial border of the
tibialis anterior tendon.
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A B

FIGURE 3.2. Inversion (A) and eversion (B) of the subtalar joint. Vertical lines indicate the medial and lateral borders
of the extensor tendons. Horizontal lines indicate the talotibial articulation.

A B

FIGURE 3.3. Pronation (A) and supination (B) of the transverse tarsal joints while stabilizing the hindfoot. Vertical lines
indicate the medial and lateral borders of the extensor tendons. Horizontal lines indicate the talotibial articulation.
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the forefoot (Fig. 3.4). Motion of the metatarsopha-
langeal (MTP) and interphalangeal (IP) joints of the
toes should also be recorded, including dorsiflexion
and plantar flexion (Fig. 3.5). Finally, generalized
systemic laxity can be assessed by the ability to
approximate the thumb to the volar forearm, hyper-
extension of the metacarpophalangeal joints, hyper-
extension of the elbow, and increased lateral trans-
lation of the patella.

Strength Testing

The clinician should assess the strength not only of
each group of muscles and tendons but also of spe-
cific tendons depending on the patient’s complaints.
Weakness or pain noted during examination of a
particular tendon is an important diagnostic finding.
Dorsiflexion against resistance can test the tibialis
anterior, extensor hallucis longus (EHL), and ex-
tensor digitorum longus (EDL). Inversion in the
plantar-flexed position tests the posterior tibialis
tendon primarily (Fig. 3.6) and the flexor hallucis
longus (FHL) and flexor digitorum longus (FDL)
secondarily. Inversion of the foot with the ankle in

neutral position tests the tibialis anterior and tibialis
posterior tendons. Plantar flexion of the ankle pri-
marily tests the gastrocnemius–soleus complex as
well as the tibialis posterior, FHL, and FDL ten-
dons. Eversion assesses the peroneal tendons, with
peroneus brevis acting as the primary everter of the
ankle and peroneus longus contributing secondarily,
in addition to its main role as plantar flexor of the
first ray.

The long and short tendons to the toes are also
examined. The strength of the EHL is tested by ap-
plying resistance against dorsiflexion at the level of
the distal phalanx of the hallux. The extensor hal-
lucis brevis (EHB) is tested at the MTP joint and
does not provide a dorsiflexion power at the IP joint
of the hallux. Similarly, the FHL permits flexion of
the IP and MTP joints, whereas the flexor hallucis
brevis (FHB) provides flexion of the MTP joint
alone. Anatomically, it is important to note that the
FHL has tendinous branches to the second toe FDL
tendon. Consequently, testing the FHL may involve
the patient curling the second toe as well as the hal-
lux against resistance. An assessment of functional
strength is also useful. The ability to rise up on the
toes tests both the posterior tibialis tendon and the
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FIGURE 3.4. Pronation (A) and supination (B) of the mid-foot.
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gastrocnemius–soleus complex. The posterior tib-
ialis initiates early heel rise by inverting the heel
and locking the subtalar complex. The gastrocne-
mius–soleus complex then powers further heel rise.
An inability to perform multiple single limb heel
rises or the lack of heel inversion may indicate pos-
terior tibialis weakness. The ability to walk on the
heels with the toes elevated from the ground tests
the anterior compartment musculature, including the
anterior tibialis, EHL, and EDL.

Neurovascular Examination

Palpation of the dorsalis pedis artery is performed
between the first and second metatarsals on the dor-
sum of the foot; it can also be identified more prox-
imally at the level of the ankle between the EHL
and EDL tendons. The posterior tibial artery is pal-
pated behind the medial malleolus just posterior to
the tibialis posterior and FDL tendons. In some
cases a distal branch of the peroneal artery can be
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FIGURE 3.5. Dorsiflexion (A)
and plantar flexion (B) of the
hallux metatarsophalangeal
(MTP) joint. M, medial malleo-
lus; N, navicular. Vertical line
indicates the medial border of
the tibialis anterior tendon.
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palpated over the anterolateral aspect of the fibula.
Distally, capillary refill can be assessed at the tip of
the digits or at the nail beds.

Neurologic evaluation includes routine palpation
over all the nerves of the foot, including the super-
ficial peroneal, deep peroneal, saphenous, sural, and
tibial nerves. The dermatome of each nerve is tested
for light touch sensation and, if indicated, pinprick
sensation. Semmes-Weinstein monofilaments can
be used to help identify an underlying neuropathy,
and proprioception and vibratory sensation can be
assessed for subtle neurologic deficits. Percussion
along a peripheral nerve causing radiating pain,
burning, tingling, or shock-like sensation (positive
Tinel’s sign) usually indicates neurologic pathol-
ogy, such as compression or a neuroma.

Disorder-Specific Maneuvers

Several specialized tests are considered standard
when evaluating the foot and ankle. In general, these

maneuvers are performed with the patient relaxed,
as guarding may preclude a positive finding. The
anterior talofibular ligament is tested by the ante-
rior drawer maneuver. This is performed by the ex-
aminer cupping the patient’s heel in one hand and
placing the other hand on the anterior aspect of the
distal leg. The heel is firmly drawn toward the ex-
aminer, and counterpressure is applied to stabilize
the distal leg (Fig. 3.7). The ankle must be stressed
in the neutral position with the foot at right angles
to the leg, as this position is typically the most sta-
ble for the anterior talofibular ligament. The cal-
caneal fibular ligament can be assessed by applying
inversion stress to the ankle (Fig. 3.8). Similarly, in-
sufficiency of the deltoid ligament can be tested with
valgus or rotatory stress on the ankle. It is some-
times difficult to determine instability of the subta-
lar joint on a clinical basis, although in rare cases of
severe instability there is gross gapping of the sub-
talar joint when varus stress is applied to the hind-
foot.1 When performing all of these ligamentous ma-
neuvers, it is helpful to place one’s fingers along the
joint line being studied to detect any clunking or sub-
luxation that occurs. Additionally, it is critical to
compare the degree of stability on the involved side
with that of the contralateral extremity.

Thompson’s test specifically evaluates the in-
tegrity of the gastrocnemius–soleus complex and the
Achilles tendon. The patient lies prone on the ex-
amination table or kneels on a stool with the feet re-
laxed and hanging free. A gentle squeeze to the pa-
tient’s calf should cause a small degree of passive
plantar flexion of the foot (Fig. 3.9). Disruption of
the integrity of the gastrocnemius–soleus muscle
group or an Achilles tendon rupture typically results
in a lack of plantar flexion from this calf squeeze,
although false-negative tests may occur owing to the
secondary plantar flexors of the ankle or the plan-
taris tendon. The squeeze test is performed to iden-
tify injuries to the syndesmotic ligaments. During
this maneuver the examiner gently squeezes the tibia
and fibula together in the proximal portion of the
calf. As this is performed, pain elicited along the
course of the calf or at the level of the syndesmo-
sis is highly suspicious for syndesmotic injury.

Dynamic Assessment

A dynamic functional assessment of the patient to
reproduce the symptoms in question is critical, par-
ticularly in the athlete. Having the patient perform
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FIGURE 3.6. Testing the posterior tibialis tendon with di-
rect palpation and resisted plantar flexion-inversion. Ver-
tical lines indicate the medial and lateral borders of the
extensor tendons. Horizontal lines indicate the talotibial
articulation.
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the activity, movement, or sport-specific maneuver
that causes symptoms is essential. Thus the tennis
player who complains of a painful toe during the
serve should simulate his serving technique during
palpation of the hallux. Other athletes are similarly
examined during performance of the specific ma-
neuver that causes their problem. Ballet dancers in
particular require functional assessment during the
five classic ballet positions and while performing
steps, including relevé, demi-plié, grand plié, and
developpé à la seconde (Fig. 3.10). Testing is also per-
formed during jumps and pirouettes.2,3 The swim-
mer complaining of posterior ankle pain on push-
off may be suffering from posterior impingement.
These examples highlight the need to examine the
athlete during a performance of the symptomatic
maneuver, which may unmask a faulty technique or
subtle abnormality not otherwise elicited on static
examination.

REGIONAL EXAMINATION

When examining a patient for a foot and ankle prob-
lem, it is useful to organize the thought process by
specific region and point of maximum tenderness.
Thus a patient with anterolateral ankle pain could
have chronic lateral ligament instability, anterolat-
eral synovial impingement, superficial peroneal
neuritis, or chondral injury. Next, the examiner must
focus mentally on the various anatomic structures
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FIGURE 3.7. Anterior drawer
test of the ankle. F, lateral
malleolus of the fibula. Verti-
cal line indicates the lateral
border of the tibialis anterior
tendon. Horizontal line indi-
cates the talotibial articulation.

FIGURE 3.8. Inversion stress test of the ankle. Concur-
rent palpation of the lateral aspect of the talus during in-
version stress testing may identify subtle varus laxity. Ver-
tical lines indicate the medial and lateral borders of the
extensor tendons. Horizontal lines indicate the talotibial
articulation.
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that may elicit pain when compressed. It is helpful
to recall the local anatomy, both topographic and
cross-sectional, to identify injured structures that
may be potential causes of symptoms (Fig. 3.11).
Noting the character of the pain helps differentiate
between damaged structures.

When examining a painful region, the physician
must exclude not only local causes but other distant
or systemic conditions as well.4 For example, re-
ferred pain from a herniated lumbar disc may mimic

superficial peroneal neuritis and symptoms associ-
ated with ankle instabilities, such as pain, weakness,
and giving way. In addition, systemic conditions, in-
cluding connective tissue diseases, systemic arthri-
tis, Marfan’s endocrine disorder, or a nutritional dis-
order, must be considered. Although some of these
conditions (e.g., rheumatoid arthritis) are uncom-
mon in the young, athletic population, others (e.g.,
seronegative arthropathies) are often diagnosed in
this age group.
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FIGURE 3.9. Thompson’s test
of Achilles tendon integrity. A:
Relaxed position. B: Squeez-
ing the calf musculature
causes plantar flexion of the
ankle.
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Finally, it is critical to recall that secondary or
compensatory pathology can arise in the setting of an
initial process. A patient with peroneal tendinitis may
be suffering primarily from chronic lateral ankle in-
stability but may not have specific peroneal tendini-
tis manifestations. Patients can also develop symp-

toms secondarily owing to compensatory mecha-
nisms as they “push through” the inciting pain. For
example, an athlete with pain in the first MTP joint
may begin to unload that area by walking or running
on the side of the foot. This then leads to secondary
symptoms of peroneal tendinitis, ankle instability, or
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FIGURE 3.10. Ballet dance positions and steps. A: First position. B: Second position. C: Fifth position. D: Relevé. M,
medial malleolus; N, navicular. Vertical line indicates the medial border of the tibialis anterior tendon.
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lateral stress fracture even though the primary prob-
lem relates to the first MTP joint. Focusing attention
only on the secondary symptoms may result in re-
currence, as the primary process remains untreated.

Ankle

Diagnosing pathologic processes in the ankle can be
frustrating for the examiner. The breadth of articu-
lar and nonarticular processes that create pain and
dysfunction in this confined space may create con-
fusion during attempts to define a specific entity.
However, using a systematic approach, the physical
diagnosis augmented by a careful history may point
the examiner toward entities amenable to arthro-
scopic treatment. We find it useful to divide the an-
kle into quadrants: anteromedial, anterolateral, pos-
teromedial, and posterolateral. In each region,
specific pathologic entities may occur: some that are
unique to that particular quadrant and others that
may be found anywhere about the ankle joint. What
follows is a symptom-oriented exploration by quad-
rant, as defined by historical and physical features.

Anteromedial Quadrant

Specific palpation within the anteromedial quadrant
is the key to localizing particular entities. Common
in this location is osteochondral pathology. This la-
bel encompasses the entity known as osteochondritis
dissecans (OCD) as well as transchondral fractures
of the talus. Many of these lesions are initially noted
when the patient with an ankle sprain or ankle frac-
ture undergoes radiographic evaluation. Although
most of these injuries are thought to occur secondary
to trauma, a substantial portion may present in the
absence of any distinct traumatic event. Because most
of the lesions are localized in the posterior or central
portion of the medial talus, they may be diagnosed
by firmly plantar-flexing the ankle and directly pal-
pating the medial talus. More posterior lesions can be
palpated behind the medial malleolus while dorsi-
flexing the ankle. Forced inversion stress may also
create deep medial ankle pain as the lesion affects the
tibial plafond. With advanced disease (less common
on the medial side), a mobile fragment may be pal-
pable, and crepitus or limited motion may be noted
with passive dorsiflexion and plantar flexion.
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FIGURE 3.11. Cross-sectional view of various tissues and structures compressed during regional palpation.
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A loose body is the final common pathway of os-
teochondral lesions. Other sources of loose bodies
include synovial chondromatosis, fracture of os-
teoarthritic spurs (both traumatic and degenerative),
and fragmented bone from previous fractures. Typ-
ically, a loose body in the ankle causes intermittent
symptoms, including swelling, crepitus or clicking,
locking, decreased motion, pain, or any combina-
tion of these symptoms. Loose bodies are often har-
bored in the medial, anterior, or lateral gutters of the
ankle joint. The loose body itself may be difficult
to palpate, although occasionally it is mobile enough
to roll between the examiner’s fingers, causing pain
in the patient. Concurrent passive motion of the an-
kle may assist in making the fragment more palpa-
ble. Painful crepitus and limited motion may also
be noted.

It is important to remember that symptoms such
as pain, crepitus, and decreased motion can be due
to other, less common etiologies, including a rup-
tured anterior tibialis tendon, a thrombosed saphe-
nous vein, or intraarticular soft-tissue lesion (e.g.,
pigmented villonodular synovitis, ganglion cysts,
chondromatosis, hemangioma, or even synovial cell
sarcoma).

Degenerative joint disease often creates antero-
medial ankle pain. Typically, the ankle demon-
strates warmth and bogginess. Degenerative or post-
traumatic osteophytes are palpable subcutaneously
along the anterior tibial lip, medial malleolus, or ta-
lar neck and are often tender to palpation. The an-
kle range of motion is limited compared to the 
opposite extremity, as the “kissing” osteophytes im-
pinge. More importantly, a patient with degenera-
tive joint disease experiences pain with forced dor-
siflexion of the ankle. Intraarticular injection of
local anesthetic, resulting in relief of symptoms, is
effective for confirming the joint as the source of
pain.

Deltoid insufficiency is a rare cause of medial an-
kle findings. A rupture of the deep deltoid ligament
(generally due to violent trauma or falls from a
height with the heel in valgus) is necessary to pro-
duce such instability. Acutely, one must rule out lat-
eral malleolus fracture, syndesmotic injury, or prox-
imal fibular (Maisonnneuve) fracture. In the chronic
setting, clinical instability may be difficult to elicit.
Patients have point tenderness over the deltoid
(which must be distinguished from the posterior tib-
ial tendon by the tests mentioned below) and pain
with valgus stress of the ankle and subtalar joints or
abduction of the transverse tarsal joint. Stress radio-

graphs are frequently normal, and an MRI scan may
be necessary to determine the extent of ligamentous
damage.

Posterior tibial tendinitis can be present with an-
teromedial ankle pain, although the more typical
form is retromalleolar pain. The tendon courses in-
ferior to the joint line and may have associated
swelling or bogginess due to tenosynovitis. A pal-
pable gap in the tendon may be present. A painful
single-limb heel rise or an inability to perform a sin-
gle-limb heel rise points more specifically toward
this condition, as does pain with resisted plantar
flexion and inversion.

Neuritis of the saphenous or deep peroneal nerves
may present as pain in the anteromedial quadrant.
Patients may be extremely sensitive to light touch,
rubbing from shoewear, or pressure from bed linen.
Paresthesias are a common complaint, but frank
numbness is rare. Extreme plantar flexion creates
nerve traction and often exacerbates the symptoms.
This tenderness differs from the above-mentioned
conditions by occurring more superficially in the an-
kle. Tinel’s sign is useful, as such a test is rarely
positive when intraarticular conditions are causing
the pain.

Finally, a navicular stress fracture may present as
pain in the anteromedial quadrant of the ankle. Al-
though symptoms of this condition are often diffuse,
pain over the medial mid-foot during gait and dif-
ficulty with single-limb heel rise can mimic poste-
rior tibialis tendinitis or insufficiency. Careful pal-
pation reveals maximal tenderness over the
navicular rather than along the tendon itself. Maxi-
mum passive pronation and active supination of the
forefoot against resistance may also cause pain. A
radiograph or radionuclide bone scan is helpful for
this assessment.

Anterolateral Quadrant

There is obvious crossover in pathologic entities be-
tween the anteromedial and anterolateral quadrants.
OCD lesions or transchondral fractures may occur
on the lateral border of the talus. When the lesion
is on the lateral talus, it is generally anterior on the
dome of the talus. Because of their anterior loca-
tion, these lesions are more accessible to direct pal-
pation than are medial lesions. Extreme valgus of
the ankle joint can create intraarticular impinge-
ment, eliciting pain. The presence of effusion and
clicking are intermittent, similar to that with medial
lesions. Degenerative joint disease laterally has a
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presentation similar to that on the medial side.
Again, the “kissing” osteophytes impinge with ex-
treme dorsiflexion of the foot, resulting in pain and
crepitus.

Severe inversion ankle sprains may cause persis-
tent symptoms in the anterolateral quadrant. Acutely
in the lateral quadrant, one can find ecchymosis and
palpable tenderness over the injured ligaments. The
anatomic course of each ligament [including the an-
terior talofibular (ATF), calcaneofibular (CF), and
posterior talofibular (PTF) ligaments] is palpated for
localized tenderness. In acute cases where the ankle
was rested, elevated, and iced, there is little edema,
and the tender areas are located directly over the lig-
aments. During a typical examination, however, the
entire region may be tender due to swelling. In this
case, the examiner’s finger must compress the ede-
matous tissue to disperse the fluid, allowing more
specific deep palpation of the ligaments. In addition,
acute presentations demonstrate limited range of
motion and a painful anterior drawer sign (see be-
low) rather than evidence of gross laxity due to
guarding.

In the child or adolescent patient, inversion in-
juries often present with fracture of the distal fibula
(e.g., Salter Harris I or II) or avulsion fracture of the
anterolateral tubercle of the distal tibia (juvenile
Tillaux fracture). This is because the ligamentous
structures of the ankle are stronger than the adjacent
physes. Consequently, the growth plates typically
fail before ligamentous or capsular structures do so.
In such cases, the point of maximum tenderness is
over the corresponding bony structure rather than
the ligaments.

With chronic presentations after inversion injury,
patients complain of functional instability, or “giv-
ing way,” of the ankle with less dramatic swelling
or pain. On examination, these patients may have
mild tenderness over the ligaments. Functional lax-
ity, however, is more pronounced than with acute
presentations and is elicited with an anterior drawer
sign. To assess ATF ligament laxity, the anterior
drawer test is performed by flexing the knee 90 de-
grees, grasping the heel with one hand, providing
resistance against the tibia with the other hand, and
pulling the heel forward. A soft endpoint, no end-
point, or dimpling over the anterolateral gutter
strongly suggests instability (Fig. 3.12). To assess
CF ligament laxity, the talar tilt test is performed by
grasping the heel with one hand, placing the second
hand against the tibia for countertraction, and forc-
ing inversion with the ankle in neutral. Again, lat-

eral dimpling or a soft endpoint suggests instability.
Radiographic evaluation via stress views may con-
firm clinically diagnosed instability.

As common as injuries to the lateral ankle liga-
ments are, several other etiologies must be kept in
mind when examining the patient with anterolateral
ankle pain. Among them is the development of
chronic scar tissue in the anterolateral gutter after
inversion-type injuries. This thickened “meniscoid”
tissue typically creates anterolateral pain, which is
maximally tender to palpation over the gutter. Re-
lated to this condition is anterolateral impingement
by a thickened distal fascicle of the anteroinferior
tibiofibular ligament. As described by Bassett et
al.,15 hypertrophy of this inferior fascicle can im-
pinge against the anterolateral aspect of the talar
dome, particularly in extremes of dorsiflexion. On
examination, the patient may show tenderness over
this ligament and over the anterolateral dome of the
talus corresponding to the lesion. The symptoms can
also be reproduced by maximum dorsiflexion of the
ankle.

Unrecognized bony trauma can similarly result in
anterolateral symptoms after an inversion-type in-
jury. Occult fracture of the lateral process of the
talus may produce a frustrating, long-term source of
pain that can be difficult to diagnose. The lateral
portion of the talocalcaneal ligament attaches to the
lateral process of the talus, and repetitive traction
on the bone from this ligament may be responsible
for persistent pain at the site of the fibrous nonunion.
Again, inversion and dorsiflexion of the ankle may
allow the fibula to impinge into the lateral talar
process, creating pain. Additionally, a mortis radio-
graph of the ankle, obtained at the time of the ini-
tial inversion injury or subsequently, may demon-
strate a chip fracture of the lateral process. CT
scanning can also be used to identify a fracture of
this often poorly visualized bony process.

Another bony injury that may result in anterolat-
eral symptoms is fracture of the anterior process of
the calcaneus. Like the lateral process of the talus,
the anterior process of the calcaneus is typically in-
jured by an inversion mechanism. Soft tissue at-
tachments to this bony process of the calcaneus in-
clude the bifurcate and talocalcaneal ligaments and
the inferior extensor retinaculum. Similar chronic
symptoms may be produced by ligament traction on
an unrecognized fracture fragment. This pain is lo-
calized more anterior and distal to the lateral malle-
olus than is typically seen with injury to the an-
terotalofibular ligament (ATFL). Symptoms are also
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reproduced with inversion stress of the foot. Plain
radiographs, including lateral and oblique views,
can demonstrate the avulsion fragment. CT scan-
ning is useful for confirming the diagnosis and as-
sessing the magnitude of the fracture fragment and
the degree of intraarticular involvement of the cal-
caneocuboid joint. Finally, referred pain from a frac-
ture at the base of the fifth metatarsal occasionally
presents as anterolateral ankle symptoms. This in-
jury is more distant from the ankle than the above-

mentioned bony injuries and should be more read-
ily identified on examination with direct palpation
over the base of the metatarsal reproducing the max-
imum point of tenderness.

Anterolateral ankle pain may also be due to im-
pingement of the region of the sinus tarsi. Typically,
injuries to the medial structures of the ankle, such
as the posterior tibial tendon or deltoid ligament,
may allow sufficient dynamic valgus instability of
the hindfoot to create impingement between the dis-
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FIGURE 3.12. Clinical pho-
tographs of positive anterior
drawer test findings demon-
strating a positive “suction
sign.” A, unstressed; B,
stressed. (From Clanton TO,
Schon LC. Athletic injuries to
the soft tissues of the foot and
ankle. In: Mann RA, Coughlin
MJ (eds) Surgery of the Foot
and Ankle, 6th ed. St. Louis:
Mosby-Year Book, 1993;1125,
with permission from Elsevier.)
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tal fibula and the calcaneus in the region of the si-
nus tarsi. On examination, point tenderness is lo-
cated in the region of the sinus tarsi. Forced ever-
sion of the hindfoot increases point tenderness in
that area, differentiating it from injury to the lateral
ankle ligaments, which usually indicate pain on a
varus stress or anterior drawer-type maneuver. Re-
sisted extension of the phalanges may also accen-
tuate pain in the sinus tarsi, as the origin of the ex-
tensor digitorum brevis muscle arises in the area of
inflammation. A diagnostic injection with local
anesthetic can be helpful for confirming the sinus
as the source of the pain.

Lastly, nerve injury may also present as antero-
lateral pain.6,7 There may be traction injuries to the
superficial peroneal nerve (SPN) during inversion
ankle sprains. The injury may occur anywhere along
the course of the nerve about the lateral portion of
the ankle but often is located where the nerve exits
the deep fascia, approximately 10–12 cm proximal
to the tip of the lateral malleolus. Direct compres-
sion of the nerve and a positive percussion sign
(Tinel’s sign) are diagnostic. The SPN divides into
the intermediate and medial dorsal cutaneous
branches, supplying most of the dorsum of the foot.
Consequently, the symptoms may be present not
only in the anterolateral quadrant but also on the
dorsum of the foot or even the toes. Additional
provocative tests, such as resisted dorsiflexion and
eversion or passive plantar flexion and inversion of
the foot, may elicit the symptoms.

Posterolateral Quadrant

The posterolateral quadrant is similarly affected by
a specific set of injuries localized by diagnostic
tests. Intraarticular pathology, such as osteochondral
fractures of the talus or tibia and degenerative arthri-
tis, can produce posterolateral symptoms. OCD le-
sions in the posterolateral zone are relatively un-
common. Degenerative changes in that zone would
produce findings as described above, including
swelling, bogginess, possible crepitus, and localized
pain in response to palpation. Additionally, pain
may be elicited with active and passive motion of
the ankle joint.

A symptomatic os trigonum can present with pos-
terolateral symptoms. Persistent motion at the fi-
brous union between the ossicle and the posterior
talus or overt fracture through such a synostosis can
result in focal pain. Symptoms may be located pri-
marily posterolaterally or posteromedially. Deep

palpation in the retrotalar region should elicit dis-
comfort accentuated by extreme plantar flexion of
the ankle. It is important to examine the stability of
the lateral ankle ligaments because primary ankle
instability may lead to a secondary symptomatic os
trigonum as the talus subluxes anteriorly and im-
pingement of the ossicle against the posterior lip of
the tibia occurs. Lateral radiographs, including max-
imum plantar flexion views, may demonstrate an os
trigonum; this is a relatively common finding, and
most are asymptomatic. Consequently, a triple-
phase bone scan with increased uptake in that area
is a supportive finding.

Pain in the retrocalcaneal region may also be due
to bursitis in conjunction with insertional Achilles
tendinitis or Haglund’s deformity of the posterior
tuberosity of the calcaneus. These etiologies may
represent a continuum of a pathophysiologic process
resulting in inflammation and pain (see Heel sec-
tion). Under these conditions, the pain is typically
more posterior and superficial than that due to an os
trigonum.

A calcaneal stress fracture may present with pain
in the posterolateral quadrant. Like other stress frac-
tures, a calcaneal stress fracture may be caused by
an increase in the magnitude or duration of activity
or a recent alteration in an athlete’s training regi-
men. Such an overuse injury presents with an
acutely tender lateral wall of the calcaneus. It must
be distinguished from involvement of the sural
nerve or peroneal tendons, as described below. Clin-
ical suspicion is critical because the patient’s his-
tory may be vague. A calcaneal squeeze test, or di-
rect horizontal compression of the medial and lateral
walls of the calcaneus, can elicit pain (Fig. 3.13).
The pain can be severe with weight-bearing, and pa-
tients often state that they walk on their toes to ex-
perience relief. Lateral radiographs can assist in di-
agnosing this condition by demonstrating disruption
of the normal trabecular pattern seen within the body
of the calcaneus. However, because radiographs are
often normal, a bone scan or MRI scan may be nec-
essary to diagnose an occult stress fracture.

Pathology of the peroneal tendons is a common
source of posterolateral ankle symptoms. The pe-
roneal tendons course behind the fibula within a
groove, traveling anterior to the peroneal tubercle
toward their insertions on the base of the first and
fifth metatarsals. The superior peroneal retinaculum
functions in conjunction with the fibular groove to
maintain the position of the tendons behind the
fibula. Peroneal tendinitis can be seen as an overuse
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injury after excessive strain or increased activity
level, particularly in athletes. This tenderness is eas-
ily discernible when a lateral ligament sprain of the
ankle is present because of its location posteriorly
about the fibula. Pain is typically elicited with re-
sisted eversion of the forefoot or passive inversion
of the foot. Injuries resulting in excessive contrac-
tion of the tendons while in dorsiflexion can result
in rupture of the superior peroneal retinaculum,
which can then produce recurrent subluxation or
even frank dislocation of the tendons from the fibu-
lar groove. Patients may complain of a popping or
snapping sensation as well as pain usually located
directly over the lateral malleolus. Subluxation or
dislocation of the tendons can be detected by posi-
tioning the ankle in dorsiflexion and having the pa-
tient evert the foot against resistance. With the other
hand, the examiner palpates the area as the tendon
subluxes over the border of the fibula. Apprehen-
sion and pain with this maneuver are typical. Cir-
cular motion of the ankle and hindfoot may cause
subluxation, even in the absence of resistance.

Finally, the sural nerve courses halfway between
the distal fibula and the Achilles tendon in the pos-
terolateral quadrant. Severe inversion injuries may
cause traction neuritis of the nerve, resulting in
burning/shooting pain or parethesias. Other causes
of sural nerve involvement include calcaneal frac-
tures with lateral wall entrapment and impingement
of the nerve. Surgical incisions in the posterolateral
hindfoot can also result in laceration of the sural

nerve or one of its branches, causing a stump neu-
roma. Direct compression along the course of the
nerve as well as percussion of the nerve results in
sensitivity or pain. Diagnostic injection with local
anesthetic can once again confirm the diagnosis.

Posteromedial Quadrant

As with other regions of the ankle, the posterome-
dial quadrant can have involvement of the intraar-
ticular processes, such as osteochondral lesions or
degenerative arthritis. OCD lesions of the medial
talus typically present in the posterior portion of the
dome, as described above. Symptoms may include
pain with weight-bearing or active motion of the
joint and a sensation of clicking or locking. On ex-
amination, the ankle may be swollen medially with
mild synovitis and warmth. The posteromedial por-
tion of the talar dome may be tender to direct pal-
pation, although maximum dorsiflexion of the an-
kle may be required to uncover this portion of the
talus from behind the medial malleolus. Similar
findings may be present with arthritic involvement
of the medial aspect of the ankle, although usually
in a more diffuse pattern.

As described in the previous section, retrocal-
caneal bursitis and insertional Achilles tendinitis may
present with symptoms primarily posteromedially.
There may be swelling and warmth in the area as well
as pain during direct palpation of the retrocalcaneal
bursa or the attachment site of the tendon. Similarly,

54 / L.C. Schon, S.L. Haddad, and J.T. Campbell

FIGURE 3.13. Calcaneal
squeeze test with medial and
lateral compression of the cal-
caneus to diagnose a calca-
neus stress fracture. M, me-
dial malleolus; N, navicular.
Vertical line indicates the me-
dial border of the tibialis ante-
rior tendon. Dotted line indi-
cates the Achilles tendon
border.
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a calcaneal stress fracture may present primarily with
medial-side pain, which is best demonstrated with di-
rect mediolateral compression of the bone.

Pathology of the posterior tibial tendon is a com-
mon cause of medial-side ankle symptoms, ranging
from mild strain of the tendon to tendinitis to gross
insufficiency and even frank rupture of the tendon.
These conditions can be due to chronic overuse or
acute trauma. On examination, the medial portion
of the ankle is typically swollen, inflamed, and
boggy. There is usually pain with palpation along
the course of the posterotibialis tendon, most com-
monly directly posterior and inferior to the malleo-
lus where strain to the tendon is concentrated. When
viewed from behind, the heel may be in excessive
valgus with respect to the tibia, resulting in the of-
ten described “too many toes sign.”8 On muscle test-
ing, the patient may have normal strength or se-
verely decreased power if significant tendinosis or
rupture is present. Often the patient has difficulty
performing a double-heel rise and may be com-
pletely unable to perform a single-limb heel rise on
the affected side. Resistance to inversion and plan-
tar flexion elicits pain and noticeable weakness. This
diagnosis is clear clinically, and MRI scanning is
not necessary in most cases.

Conditions of the flexor hallucis longus tendon
can also result in posteromedial symptoms. Ten-
dinitis of the FHL tendon often occurs in dancers
and may be associated with an os trigonum lesion
as the FHL tendon enters the fiber osseous tunnel
behind the posterior aspect of the ankle. Because the
symptoms of both conditions are located deep
within the retrotalar compartment, differentiation by
palpation can be difficult. Specific tests for the FHL
include resistance to plantar flexion of the distal
phalanx of the hallux, which should result in pain.
The hallux may also demonstrate triggering similar
to that seen with stenosing tenosynovitis of the dig-
its of the hand, a condition known as hallux saltans.
Thomasen’s sign similarly implicates the FHL ten-
don along the course behind the talus (Fig. 3.14).
This test involves pain with passive dorsiflexion of
the hallux that is accentuated by dorsiflexing the an-
kle. Placing the ankle in a dorsiflexed position
causes increased excursion of the tendon with re-
sulting impingement of the FHL muscle belly as it
enters the fibroosseous sheath. Passive extreme
plantar flexion of the ankle, especially if combined
with inversion and eversion, induces pain in a pa-
tient with a symptomatic os trigonum but not in one
with an FHL lesion. Lateral radiographs may reveal

no obvious bony pathology or may demonstrate a
large posterolateral trigonal process or an os
trigonum. MRI scanning may reveal swelling and
intratendinous changes consistent with tendinosis,
indicating the FHL.

Finally, tarsal tunnel syndrome is classically pres-
ent in the posteromedial quadrant of the ankle. Pa-
tients complain of diffuse pain on the plantar aspect
of the foot that is often described as burning or tin-
gling in nature. Although the pain may worsen with
weight-bearing, it can present while the patient is at
rest or asleep. There may be associated proximal ra-
diation along the calf as well. Direct pressure over
the tibial nerve in the retromalleolar area elicits ex-
treme sensitivity and pain. Percussion over the nerve
often produces a positive Tinel’s sign with stabbing,
radiating pain into the plantar foot. Patients may not
demonstrate frank numbness on examination. The
symptoms may be exacerbated by passive eversion
of the hindfoot as the nerve is placed under tension.
Electrodiagnostic studies can be helpful in establish-
ing a diagnosis. Diagnostic injection with local anes-
thetic can also confirm the diagnosis but is not 
completely specific owing to anesthesia of other
structures that may be causing these symptoms. As a
result, tarsal tunnel syndrome must still be consid-
ered a diagnosis based primarily on clinical grounds.

Subtalar Pathology

Subtalar problems are uncommon in the athletic
population. There are four common conditions that
present in this area: (1) chip fractures or avulsion
fractures of the anterolateral shoulder of the talus or
anterior process of the calcaneus; (2) tarsal coali-
tions; (3) subtalar instability; and (4) subtalar syn-
ovitis, with or without impingement. Palpating var-
ious regions along the subtalar joint complex helps
establish a diagnosis.

Tenderness over the Anterolateral Shoulder 
of the Talus

Tenderness over the anterolateral shoulder of the
talus, just anterior to the fibula is found in patients
with tibial fractures of the lateral process of the
talus. Lateral talocalcaneal ligament injury or tears
of the lower fibers of the anterior talofibular liga-
ment may also manifest with tenderness. With the
examiner’s finger over the spot, subtalar excursions
may produce clicking or accentuate a small, loose,
or irregular fragment of bone in this location. Ten-
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derness deeper in the sinus tarsi or more laterally
along the talocalcaneal junction is consistent with a
sprain of the talar ligaments or posttraumatic sy-
novitis of the subtalar joint. If there is sinus tarsi im-
pingement, the patient has more pain with palpation
of the sinus tarsi when the foot is everted. This po-
sitioning brings the anterolateral portion of the body
of the talus into direct contact with the calcaneus in
the region of Gissane’s angle. Tenderness in the spot
aggravated by inversion of the foot is characteristic

subtalar instability. Patients with instability may
have increased subtalar excursion compared to the
opposite side or may have palpable gapping of the
subtalar joint with eversion/inversion manipulation.

Tenderness over the Anterior Process 
of the Calcaneus

Tenderness over the anterior process of the calcaneus
may signify a chip fracture of the anterior process of
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FIGURE 3.14. Thomasen’s
sign. A: Resting position. B:
Passive dorsiflexion of the hal-
lux to elicit triggering of the
flexor hallucis longus (FHL)
tendon at the posteromedial
ankle. M, medial malleolus; N,
navicular. Vertical line indi-
cates the medial border of the
tibialis anterior tendon.
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the calcaneus, a tear of the bifurcate ligament, or a
calcaneonavicular coalition. An athlete with a coali-
tion would be expected to have (1) decreased inver-
sion/eversion, (2) a palpable bony prominence in this
location, (3) possible crepitus with range of motion
or (4) warmth in association with a stress fracture of
the coalition or mechanical friction at the junction of
the calcaneus and navicular.

Tenderness medially over the subtalar joint just
distal to the medial malleolus over the sustentacu-
lum tali is found in patients with subtalar synovitis
or a medial facet tarsal coalition. Tenderness to pal-
pation in this region may also be found in patients
with tendinitis of the posterior tibialis, FDL, or FHL.
Distinguishing between these and subtalar pathol-
ogy requires specific testing of the affected tendons.

Heel

Examination of the heel should begin at the Achilles
tendon proximally and proceed to the dorsal aspect
of the calcaneus and then extend inferiorly and fi-
nally plantarly. For ease of examination, these po-
sitions have been organized into several regions: the
Achilles tendon 1–5 cm above the dorsal posterior
border of the calcaneus, the posterior border of 
the calcaneus, and the plantar aspect of the poste-
rior calcaneus.

Achilles Tendon

A thickened appearance of the Achilles tendon as-
sociated with warmth, bogginess, and tenderness of-
ten represents an intrasubstance Achilles tendon
tear, chronic tendinosis, or stenosing tenosynovitis.
An acute Achilles tendon tear presents after a trau-
matic event during which the patient felt that he or
she was shot or kicked in the back of the ankle. Ec-
chymosis often accompanies acute tears. If the ten-
don is totally disrupted, squeezing the calf does not
cause plantar flexion of the foot (Thompson test). If
the disruption is partial, the foot plantar-flexes when
the calf is squeezed. With a partial rupture, there is
pain and weakness with plantar flexion against re-
sistance, and there may be some increased passive
dorsiflexion due to stretching of the tendon. Care-
ful palpation along the course of the tendon may
identify a defect or a gap where the rupture occurred.

With Achilles tendinosis (intrasubstance degen-
eration of the tendon), usually there is a gradual on-
set of swelling and pain that is exacerbated by ac-
tivity. There often is nodular thickening of the

tendon, which is tender to palpation and squeezing
(Fig. 3.15). The tendon power is good, although it
may be slightly decreased owing to pain. The con-
tinuity of the tendon should be assessed to rule out
a tear.

With stenosing tenosynovitis, there may or may
not be a visible or tender nodule. There is often a
1- to 2-cm zone of fullness along the tendon 2–5 cm
above its insertion. The size of the nodule and the
degree of associated tenderness depends on the de-
gree of coexistent active tendinosis. With stenosing
tenosynovitis, the hallmark is painful crepitance on
range of motion testing of the Achilles tendon when
the fingers squeeze the tendon.

Posterior Border of the Calcaneus

The tenderness in the retrocalcaneal region may rep-
resent insertional Achilles tendinitis, retrocalcaneal
bursitis, Haglund’s deformity, or superficial Achilles
bursitis. It is important to be aware that these con-
ditions may coexist, which has implications regard-
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FIGURE 3.15. Palpation of the Achilles tendon proximal
to the calcaneus to identify noninsertional tendon pathol-
ogy. Dotted line indicates the Achilles tendon border.
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ing prognosis and treatment. Tenderness and
warmth directly posterior to the dorsal half of the
calcaneus is characteristic of insertional Achilles
tendinosis (Fig. 3.16). In advanced cases there may

also be thickening of the tendon in this location that
begins at the insertion of the Achilles and at times
extends more proximally. Pain is increased with
plantar flexion against resistance or with passive
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FIGURE 3.16. Palpation of the Achilles tendon where it
passes by the posterosuperior process of the calcaneus (A)
and mediolaterally at its insertion (B). F, lateral malleolus of
the fibula; C, calcaneus. Vertical line indicates the lateral bor-
der of the tibialis anterior tendon. Horizontal line indicates
the talotibial articulation. Dotted line indicates the Achilles
tendon border.
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dorsiflexion stretch of the tendon. Lateral radio-
graphs may demonstrate osseous deposits within the
insertion of the Achilles (spurring).

Retrocalcaneal bursitis typically manifests with
tenderness and swelling along the sides of the
Achilles between the Achilles tendon and the pos-
terior border of the calcaneus (Fig. 3.17). Patients
have pain during both passive dorsiflexion and ac-
tive plantar flexion against resistance. There may be
warmth and erythema in the region of the bursa.

Patients with Haglund’s deformity have promi-
nence of the posterosuperior edge of the calcaneus.
This may be palpable both medial and lateral to the
tendon or just on one side of the tendon. In symp-
tomatic cases, pain is reproduced with palpation
over the bony edge or where the tendon or bursa en-
counters the prominence. Patients usually feel bet-
ter without a shoe or with a backless shoe. The pain
in this condition is aggravated by walking or run-
ning with a heel counter compressing the spot. Ra-
diographs demonstrating the posterosuperior promi-
nence of the calcaneus support this diagnosis. Not

uncommonly, a patient with long-standing sympto-
matic Haglund’s deformity have retrocalcaneal bur-
sitis and Achilles tendinosis in association with a
bony prominence. In these situations the bony
prominence acts as a constant irritant for these more
superficial tissues.

Two final conditions warrant mentioning. Some
patients have posterior heel pain associated with a
large, protuberant posterior and inferior process of
the calcaneus. In these patients the prominence is
distal to the Achilles insertion. This lower bulging
of the posterior calcaneus (the “pregnant heel”) of-
ten makes shoewear difficult, as with a Haglund’s
prominence. Resection of the posterosuperior
prominence does not reduce the bony prominence
because it involves the entire posterior portion. The
clinician inspects this entire posterior region for
scars because they may be a source of pain. Given
the lack of fat tissue padding and the presence of
thickened scars in this area, the occasional sural neu-
roma can be symptomatic.

Plantar Heel Pain

Plantar heel pain may represent several entities:
plantar fasciitis, calcaneal stress fracture, fat pad in-
sufficiency or atrophy, or first branch lateral plan-
tar neuritis. There are, however, differentiating char-
acteristics. Pain with palpation and compression of
the medial and lateral walls of the posterior tuber-
cle of the calcaneus is indicative of calcaneal stress
fracture. Point tenderness at the junction of the plan-
tar-medial aspect of the calcaneus and the proximal
medial origin of the plantar fascia is indicative of
plantar fasciitis (Fig. 3.18). Tenderness elicited
along with neuritic symptoms (i.e., burning, shoot-
ing, tingling, radiating pain) while palpating along
the proximal medial aspect of the abductor hallucis
muscle is indicative of irritation or entrapment of
the first branch of the lateral plantar nerve. More
proximal tenderness along the course of the tibial
nerve also would lead the examiner to consider
nerve entrapment as a cause of, or contributing fac-
tor to, the heel pain. Tenderness located proximal
to the plantar fascia insertion, along the course of
the plantar bony tubercle, may represent plantar
fasciitis; but more often it represents a fat pad in-
sufficiency. In such cases the fat pad is typically
soft, and the bone is readily palpable plantarly
through the atrophic fat pad.

With plantar fasciitis, it is important to note
that testing the windlass mechanism by hyperex-
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FIGURE 3.17. Palpation of the retrocalcaneal bursa. Dot-
ted line indicates the Achilles tendon border.
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tending the toes and dorsiflexing the ankle may
not induce or increase the pain. This is an infre-
quent finding. Similarly, palpation along the en-
tire plantar fascia with diffuse tenderness repre-
sents a more diffuse fasciitis than the typical
plantar fasciitis, which is probably more like a
plantar fasciosis or insertional degenerative fas-
cial deterioration.

MTP Joint

Dorsal MTP

Tenderness over a dorsal prominence of the meta-
tarsal head in conjunction with localized skin
changes consistent with acute or chronic irritation
(i.e., redness, blistering, or thickening of the skin)
is typical of hallux limitus or rigidus. Decreased
range of motion of the great toe on one side versus
the other and pain with extremes of dorsiflexion or
plantar flexion are characteristic of this condition.
Radiographs demonstrate dorsal joint space nar-
rowing and osetophytic changes of the metatarsal
head or base of the proximal phalanx. Loose bod-
ies in the MTP joints are most likely to be palpated
dorsally, where there is some redundant capsule and
where the skin is relatively thin. Occasionally, a
loose body is appreciated plantarly by palpating this
area while supinating and pronating the toe, adding
varying degrees of flexion and extension during the
maneuver.

Medial MTP

Tenderness over a medial prominence of the
metatarsal head and hallux valgus are typical find-
ings associated with a bunion deformity. The promi-
nence may show signs of acute or chronic skin irri-
tation due to mechanical pressure from the shoe.
Dorsomedially, the distal branch of the medial 
dorsal cutaneous nerve can be irritated. Similarly,
plantar-medially, the medial hallucal nerve can be
irritated, compressed, or stretched where the nerve
rides over the abductor tendon just proximal to the
medial sesamoid. An acutely erythematous, warm,
tender MTP joint with medial (or occasionally dor-
sal) prominence may signify podagra or gouty
arthritis/synovitis of the first MTP joint. In these
cases the toe is exquisitely tender, and any attempted
range of motion produces extreme pain.

Plantar MTP

Plantarly, tenderness over the sesamoid exacerbated
by extreme dorsiflexion of the MTP is typical of
sesamoid or flexor brevis mechanism overuse or tear.
Buildup of skin callus underneath one or both
sesamoids may be indicative of overloading or ex-
cessive weight-bearing on the sesamoids. Flexion
weakness of the proximal phalanx is typical of an in-
jury to the flexor brevis mechanism, whereas flexion
weakness of the distal phalanx is indicative of an FHL
injury. Additional causes of sesamoid tenderness in-
clude injury, nonunion, sprain, osteochondrosis, or
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FIGURE 3.18. Palpation of the
plantar fascia origin on the cal-
caneus. M, medial malleolus;
N, navicular. Vertical line indi-
cates the medial border of the
tibialis anterior tendon.
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osteoarthritis. After acute athletic injury, stability of
the great toe should be assessed with varus and val-
gus stress and a modified anterior drawer maneuver.
This maneuver is performed by stabilizing the first
metatarsal head with one hand, grasping the base of
the proximal phalanx with the other, and then stress-
ing the toe from a plantar to dorsal direction. With a
plantar capsular injury, excessive translation is noted
relative to the contralateral side.
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chapter 4

Imaging Techniques

Richard D. Ferkel and Gregory R. Applegate

After a careful history and physical examination, ra-
diologic evaluation is critical to the proper treatment
of ankle disorders. Advances in imaging techniques
have given us the opportunity to understand better
soft tissue and bony pathology and, in some cases,
to diagnose conditions previously unknown. This
chapter describes current methods for imaging the
ankle and suggests which method is most appropri-
ate in specific situations.

CONVENTIONAL RADIOGRAPHY

Plain radiographs are still the easiest, least ex-
pensive way to evaluate the problems of the an-
kle initially. At least two projections at right an-
gles to each other are needed, and frequently a
third or fourth view is indicated, depending on the
abnormality suspected. Proper exposure and tech-
nique vary by region, and it is important that the
radiology technician understands the area of in-
terest and what the physician suspects may be the
problem.

Routine Views of the Ankle

Anteroposterior View

The articular surface of the malleoli, mortise, syn-
desmosis, and body of the talus are outlined by the
anteroposterior (AP) view. The fibula lies in the tib-
ial groove, and the anterior and posterior tibial tu-
bercles obscure the syndesmosis. The medial clear
space is the distance (in millimeters) between a line
drawn tangential to the medial articular margin of

the talus and that drawn tangential to the articular
margin of the medial malleolus. This distance de-
fines the integrity of the ankle mortise and is nor-
mally 2–3 mm. An increased distance (�3–4 mm)
is associated with ankle fractures or syndesmotic in-
juries in which the talus shifts laterally. It also in-
dicates that there has been a rupture of the deltoid
ligament (Fig. 4.1).

Weight-bearing AP radiographs of the ankle can
reveal information not readily apparent from non-
weight-bearing films. As in the knee, a weight-
bearing radiograph of the ankle can demonstrate sig-
nificant joint space narrowing, varus or valgus an-
gulation, or subluxation (Fig. 4.2).

Lateral View

The articular space between the talus and the tibia
is seen with the lateral view, as is the articulation
of the talus with the navicular and calcaneus. The
calcaneocuboid joint, mid-foot joints, and the base
of the fifth metatarsal can also be identified. The
subtalar joint, tarsal canal, and sinus tarsi can be
seen at the junction of the declining angle of the
posterior facet of the calcaneus (45 degrees) and the
inclining angle of the anterior facet. A portion of
the sustentaculum tali can also be seen. A “true” lat-
eral radiograph is necessary to evaluate the extent
of anterior and posterior distal tibial and talar os-
teophytes, the Stieda process, and loose bodies (Fig.
4.3). A weight-bearing lateral radiograph of the an-
kle is also important to demonstrate joint space nar-
rowing, anteroposterior subluxation, and incon-
gruity of the distal tibia with the talus and the talus
to the calcaneus.
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FIGURE 4.1. Anteroposterior (AP) view of the ankle. Note the
medial clear space and the overlap of the fibula with the dis-
tal tibia and talus.

FIGURE 4.2. Importance of the weight-bearing radiograph. A: Non-weight-bearing AP view of the ankle. B: Weight-bear-
ing AP view of the ankle. Note the loss of joint space and valgus angulation on the weight-bearing radiograph.

A B
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Mortise (Oblique View)

The mortise, or oblique, view is obtained by hav-
ing the patient recumbent, with the leg and foot
rotated internally 20–30 degrees. When properly
done, this view allows visualization “around” the
talus. The medial and lateral clear spaces and dis-
tal tibiofibular syndesmosis are well seen and
measured. This view is particularly helpful when
evaluating ligamentous injuries at the syndesmotic
area and detecting subtle shifts in the talus. Nor-
mally, the distal tibiofibular syndesmosis has a
width of 2 mm; and an increase in the width in-
dicates ligamentous injury. The mid-tarsus is ob-
scured, but the zone of rarefaction in the talus
clearly shows the posterior facet of the subtalar
joint (Figs. 4.4, 4.5).
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FIGURE 4.3. Lateral view of the ankle. The distal ante-
rior and posterior portions of the tibia are clearly seen, as
is the space between the distal tibia and talus and sub-
talar joint. A portion of the sustentaculum tali is seen
through the sinus tarsi and tarsal canal. The declining an-
gle of the posterior facet of the calcaneus and incline an-
gle of the anterior facet meet at the tarsal canal (i.e., si-
nus tarsi).

FIGURE 4.4. Mortise view of the ankle. The medial clear
space measures 2 mm, as does the tibiofibular syn-
desmosis, which is within the normal range. The zone of
rarefaction in the talus shows the posterior facet of the
subtalar joint.

FIGURE 4.5. Mortise view of the ankle demonstrating an
interosseous ganglion of the medial malleolus.
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Both AP and mortise radiographs are important
for assessing the integrity of the syndesmosis and
judging the adequacy and stability of the reduction
of a fracture or ligamentous injury to the distal lower
extremity syndesmosis (DLES). Two radiographic
dimensions are particularly important for evaluating
the syndesmosis. The first is the tibiofibular clear
space, which is the distance between the medial bor-
der of the fibula and the lateral border of the poste-
rior tibia, measured 1 cm above the distal tibial ar-
ticular surface. The second measurement is the
tibiofibular overlap (i.e., the maximum amount of
overlap of the distal fibula and the anterior tibial tu-
bercle).1 Studies have revealed some variance in the
exact measurements that indicate an injury to the
syndesmosis. In patients without an ankle injury, the
tibiofibular clear space is never more than 5–6 mm
on the AP and mortise views. More variance exists
regarding the appropriate amount of tibiofibular
overlap that indicates syndesmotic injury.1

Subtalar Joint. It is important to evaluate carefully
the integrity of the subtalar joint, especially in cases
of trauma or postsprain ankle pain. A portion of the
subtalar joint can be seen using a 45-degree wedge
under the outer border of the foot with the central
x-ray beam directed at the sinus tarsi. This projec-
tion outlines the anterior portion of the subtalar
joint, the calcaneus, the cuboid, and the talonavic-
ular joint.2

The Broden view is helpful for visualizing the
posterior facet of the subtalar joint and the talofibu-
lar and tibiofibular joints. This view is obtained with
the patient supine and the foot rotated medially 45
degrees. The foot is extended and a central x-ray is
pointed at the lateral malleolus and angled cepha-
lad at 10 degrees. This maneuver shows the most
posterior portion of the posterior facet. If the angle
is increased to 20–30 degrees, the middle facet is
better visualized. The anterior portion of the poste-
rior facet is best seen at 40 degrees (Fig. 4.6).
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A B

FIGURE 4.6. Broden views of the subtalar joint. A: The most posterior portion of the posterior facet is seen at 10 de-
grees angulation. B: The anterior portion of the posterior facet is seen at 40 degrees.
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The Cobey view is good for evaluating the posi-
tion of the calcaneus relative to the tibial axis and
the ankle joint. It is particularly helpful when look-
ing at varus and valgus alignment.

The Isherwood view shows the calcaneus in an
oblique projection. This view allows visualization
of the posterior portion of the subtalar joint, the sus-
tentaculum tali, the sinus tarsi, and a portion of the
anterior subtalar joint.

Heel. The posterior tangential (Harris-Beath) view
is excellent for evaluating fractures of the calcaneus,
injuries to the subtalar joint, and talocalcaneal coali-
tions.3 This view is obtained with the patient erect
and the sole of the foot flat on the film cassette. The
central beam is usually angled 45 degrees toward
the midline of the heel. The middle facet of the sub-
talar joint is seen oriented horizontally in this pro-
jection; the sustentaculum tali projects medially.
The posterior facet projects laterally and is parallel
to the middle facet. The body of the calcaneus is
well seen (Fig. 4.7).

Stress Views

Stress radiographs are used to evaluate ligamentous
integrity about the ankle and subtalar region. The
major ligaments about the ankle are described else-
where in this book (see Chapter 2). Ligamentous in-
juries are quite common about the ankle, but
20–40% of patients following ankle sprains have
chronic pain. One cause of this pain and “giving
way” is laxity of the ligaments surrounding the tibio-
talar joint. When stress radiographs are obtained, it
is important that both the injured and normal ex-
tremity be evaluated and the difference between
them calculated. In the acute situation, some advo-
cate injection of anesthetic in the area of the injured
ligament. However, it has been our experience that
most advanced grade I and II ankle sprains are still
too painful to subject them to stress accurately in
the acute situation. However, when a grade III or
complete tear of the ankle ligaments occurs, partic-
ularly on the lateral side, minimal gentle stress is
needed to demonstrate significant talar tilt. This can
usually be done without anesthesia, as people with
complete grade III tears frequently have little pain
during stress radiography.

Stress radiography can be done manually by the
physician, an experienced assistant, or a mechani-
cal device, although many of the devices are cum-
bersome and inaccurate. In addition, it may be dif-

ficult to generate a reproducible force by either man-
ual or mechanical methods.

The method we prefer for stress testing is the Te-
los stress device.4 It has several advantages. It (1)
causes no radiation exposure to the examining
physician, (2) provides reproducible patient motion,
(3) allows gradual, accurate application of stress to
avoid muscle splinting, and (4) allows reproducible
fixation and 18-degree internal rotation to approxi-
mate the mortise view during stress.

The apparatus is composed of a U-shaped frame
connected to two parallel bars that slide to adjust
for differences in leg length. A pressure bar and cal-
caneal attachment are placed on the top of the frame,
and the pressure bar is equipped with a screw-
threaded shaft (Fig. 4.8). As the handle of the shaft
is turned, the amount of pressure is observed on the
light emitting diode (LED) readout. The force is
shown in kiloponds (kp: a force equal to 1 kg of
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FIGURE 4.7. Posterior tangential (Harris-Beath) view of
the foot. The middle facet of the subtalar joint is seen ori-
ented horizontally, and the sustentaculum tali projects me-
dially. The posterior facet projects laterally and is paral-
lel to the middle facet; the body of the talus is well seen.

4530_e04_p63-86  11/7/03  11:20 AM  Page 67



68 / R.D. Ferkel and G.R. Applegate

A B

FIGURE 4.8. A: Patient in Telos device positioned for the inversion stress test. The calcaneal attachment is positioned
at 18 degrees to approximate a mortise view. B: Patient positioned in Telos device for anterior drawer stress test. Force
is applied in a posterior direction on the distal tibia while the heel and foot are secured.

FIGURE 4.9. Telos pressure
bar with LED digital readout.
The force is applied by rotat-
ing the handle of the shaft up
to 20 kiloponds.
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mass under the influence of gravity). Usually the
force is steadily increased over a 30- to 45-second
period to avoid muscle splinting until a pressure of
20 kp is obtained (Fig. 4.9). This pressure is con-
sidered to be near the maximum amount tolerated
by most patients. Inversion, eversion, and anterior
drawer testing can be done with this apparatus. Poor
technique by the examining technician is the usual
cause for nonreproducible results. Careful atten-
tion to all technical aspects of using this device is
necessary.

Inversion Stress Test. The inversion stress test is
done utilizing the Telos device or manually with the
patient supine and the foot mounted in internal ro-
tation. It has been shown that plantar flexion inver-
sion stress is a better indicator of the integrity of the
anterior talofibular ligament, and dorsiflexion in-
version stress is thought best to test the calcaneo-
fibular ligament. Various values have been calcu-
lated for normal and abnormal talar tilt, but no
standards are universally accepted. As stated above,
it is important that stress radiographs be compared
with views of the uninjured ankle. Some believe that

a maximum variation of 10 degrees between the
right and left ankles occurs in normal people.5

Using the Telos stress device, Sauser and co-
workers found a talar tilt of 10 degrees or more to
be associated with a lateral ligament injury in 99%
of cases.6 Normal values for talar tilt have been re-
ported to range from 5 to 23 degrees.7 Chrisman and
Snook noted that a difference of more than 10 de-
grees between ankles was significant when measur-
ing the anterior talofibular and calcaneofibular lig-
aments8 (Fig. 4.10).

Anterior Drawer Stress Test. The anterior drawer
stress test specifically tests the integrity of the an-
terior talofibular ligament (ATFL). In general, this
test is the most reliable indicator of injury to the
ATFL. The test is done using manual pressure or a
mechanical testing device, such as the Telos ma-
chine. Force is applied to the distal tibia in a poste-
rior direction, and a lateral radiograph of the ankle
is obtained. With injury to the ATFL, the talus is
anteriorly displaced in relation to the tibia. As with
the inversion stress test, absolute values for normal
and abnormal are not well established. Gould et al.
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FIGURE 4.10. Inversion stress radiographs of the ankle. A: Uninjured ankle opens 4 mm during the stress test. B: In-
jured ankle opens 11 mm with inversion stress testing, indicating a positive test for ankle stability.
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thought that, with the anterior drawer test an in-
crease of 4 mm was indicative of instability,9

whereas Laurin and colleagues thought that more
than 9 mm was abnormal.5 Overall, values up to 5
mm separation between the talus and distal tibia are
considered normal; values between 5 to 10 mm are
abnormal in most cases; and values higher than 10
mm are grossly abnormal (Fig. 4.11).

Eversion Stress Test. The eversion stress test eval-
uates the integrity of the deltoid ligament. This test
is used infrequently, as plain films usually reveal
widening of the medial clear space, an indicator of
deltoid ligament injury. The test can be done man-
ually or using a mechanical device. Complete tears
are associated with a talar tilt of 35–45 degrees.

Subtalar Stress Test. Subtalar instability can also be
tested with the Telos device. Although it can be dif-
ficult to diagnose, stress radiographs can detect lax-

ity in the joint when done properly. A special foot
piece and a change in position is necessary for the
subtalar stress test. The results should always be
compared with those of the opposite side.10

ARTHROGRAPHY

Ankle arthrography is mainly indicated when it is
necessary to evaluate the integrity of the ankle lig-
aments. It is also useful for evaluating degenerative
joint disease, loose bodies, and adhesive capsulitis.
Double-contrast arthrography usually gives better
resolution of noncalcified intraarticular loose bod-
ies. When combined with tomography, arthrotomo-
grams may be helpful when evaluating osteochon-
dral pathology and synovial surface abnormalities.
Diffuse synovial disorders such as inflammatory
disease, pigmented villonodular synovitis, synovial
ganglia, and adhesive capsulitis are readily evalu-
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A B

FIGURE 4.11. Anterior drawer stress test. A: Uninjured ankle shows minimal widening of the posterior tibiotalar joint
space with stress. B: Injured ankle demonstrates 10 mm of anterior displacement.
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ated using arthrography (Fig. 4.12). Ankle tomog-
raphy currently has limited usefulness in our prac-
tice, having been replaced by computed tomogra-
phy (CT) and magnetic resonance imaging (MRI),
unless contraindicated.

TENOGRAPHY

Tenography can be useful for evaluating tendons
and their sheaths, and it is occasionally helpful when
assessing ankle joint ligament tears. It is particularly
helpful for evaluating peroneal tendon disease in-
cluding tenosynovitis and tendon rupture.

Tenography has some disadvantages. It is an in-
vasive procedure that may be difficult to perform
when a large amount of swelling obscures normal
ankle landmarks. Furthermore, fibrosis and scarring
may block the tendon sheath and prevent the intro-
duction of contrast fluid. Currently, tenography has

limited indications, and it has been supplanted by
CT and MRI, unless contraindicated.

XERORADIOGRAPHY

Xeroradiography is most commonly utilized for
mammography. Occasionally, it is helpful when
evaluating bone and soft tissue pathology of the ex-
tremities. The disadvantages of the procedure are
that (1) it requires high radiation exposure and (2)
there are broad areas of contrast suppression in
which large regions of relatively uniform density
may be indistinguishable from one another. Today,
xeroradiography has been supplanted by CT and
MRI.

NUCLEAR MEDICINE

Radionuclide imaging is an excellent modality for
evaluating diseases of the foot and ankle.11 The
technique’s high sensitivity (which allows it to iden-
tify bone disease in patients whose radiographs are
normal) and low radiation dose requirement results
in a good screening test. Although nuclear medicine
studies have less spatial resolution than MRI or CT,
they are still clinically helpful for evaluating benign
or malignant tumors, septic arthritis, osteomyelitis,
osteonecrosis, stress fractures, metabolic bone dis-
ease, plantar fasciitis, and tarsal coalition.

The most commonly used radiopharmaceuti-
cal for bone imaging is the technetium-99m phos-
phate compound methyl diphosphonate (MDP). Af-
ter intravenous injection, the phosphate compound
appears to adsorb to the hydroxyapatite crystal
within the bone matrix. Imaging can be performed
as a routine bone scan or a three-phase examination.
For the latter, the first phase (perfusion) of imaging
is performed during isotope injection. The second
(venous pool) phase is obtained 60–90 seconds af-
ter the injection. The third phase is usually per-
formed 3–4 hours after the injection. Some have
added a fourth phase at 24 hours to increase the
specificity.

Routine bone scan imaging is adequate for struc-
tural abnormalities (i.e., trauma, arthritis, and
metastatic disease) (Fig. 4.13). Enthesopathy (bony
proliferation at ligamentous insertions) is a type of
stress syndrome. Bone scans are particularly sensi-
tive for detecting stress fractures, and a grading sys-
tem is sometimes used12 (Fig. 4.14). Bone scintig-
raphy is a sensitive tool for evaluating early stages
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FIGURE 4.12. Arthrogram of the ankle. On this sagittal
view a filling defect (arrow) in the posterior capsule rep-
resents a hyperplastic synovial nodule of pigmented vil-
lonodular synovitis (PVNS).
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evaluate both hyperemia within primary bone tu-
mors and reflex sympathetic dystrophy, and it is crit-
ical for assessing inflammatory conditions of soft
tissue and bone.15 For most of these indications,
MRI is preferred at present because the specificity
of bone scintigraphy is limited.

Additional scintigraphic procedures used to 
identify soft tissue abscesses and osteomyelitis are
gallium-67 citrate and indium-111 white blood cell
(WBC) scans. When correlated with the three-phase
images, these tests help differentiate osteomyelitis
from cellulitis. Indium-111 WBC imaging appears
to be the superior technique, although with some
chronic bone infections gallium imaging is positive
when the indium scan is negative.16 However, when
the cost of multiple scintigraphic studies and the
added time necessary are considered, MRI may be
the procedure of choice for evaluating osteomyelitis,
particularly in patients with underlying neuropathic
disease.

TOMOGRAPHY

Conventional tomography can be useful for defin-
ing the exact anatomic location of a lesion detected
on regular radiographs. Whereas plain film radiog-
raphy superimposes one structure on another, to-
mography provides a sharp definition of the partic-
ular area of interest without superimposition of
adjacent overlying structures. Tomograms can be
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FIGURE 4.13. Bone scan demonstrating increased activ-
ity in the medial dome of the talus and the os trigonum,
consistent with an osteochondral lesion of the medial
dome of the talus and nonunion of the os trigonum.

FIGURE 4.14. Bilateral cal-
caneal stress fractures in a 30-
year-old marathon runner.

of bone production of any etiology.13 Bone scans
are also helpful for evaluating subtle or occult
trauma, delayed union, reflex sympathetic dystro-
phy, and metastatic disease.14 The three-phase bone
scan is used in patients with avascular necrosis to
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unidirectional (linear tomography) or pluridirec-
tional. The slice thickness can vary from 2 to 5 mm
and can be obtained in both the AP and lateral pro-
jections. Tomographic sections should be contigu-
ous and the kilovoltage low enough (80 kVp or less)
to allow adequate contrast.

The main indications for tomography are to eval-
uate nonunions, arthrodesis, osteochondral fractures
of the talus, and Lisfranc’s fracture-dislocations. It
also can be used to evaluate navicular stress frac-
tures, calcaneal fractures, and subtalar arthritis.

The disadvantages of tomography include high
radiation exposure and absorption. The planes must
be exactly perpendicular; otherwise the pictures are
not accurate. In addition, tomographic studies can
take a long time for completion, particularly when
images are obtained in multiple planes.

Arthrotomography can also be done by injecting
contrast material into the ankle. This procedure is
particularly useful for determining if an osteochon-
dral lesion of the ankle is loose. Today conventional
tomography has been replaced by CT, and at the pres-
ent time tomography is rarely used in our practice.

COMPUTER TOMOGRAPHY

Sectional Planes

To understand computerized sectional imaging, it is
critical that one have an accurate understanding of

the sectional planes for scans. Most images are pro-
duced in one or more of the following orthogonal
planes: coronal, transverse (axial), sagittal. The
coronal view is perpendicular to the planar surface
of the foot, whereas the transverse or axial plane 
is parallel to the plantar surface of the foot and an-
kle. The sagittal view resembles the lateral view of
the ankle. These sectional planes are shown in Fig-
ure 4.15.

Advantages

Computed tomography produces images based on
tissue densities and individual differences in radia-
tion absorption. It is superior to MRI for evaluating
joint surfaces and the cortical outlines of individual
bones. A hindfoot scan can be done unilaterally or
bilaterally (for comparison with the opposite side).
This scan gives a clear picture of the distal tibia, an-
kle, and subtalar articulations as well as the medial
and lateral gutters in two planes. It also distinguishes
the talus and calcaneus, which are superimposed 
on conventional radiographs. Some soft tissue out-
lines can be appreciated and differentiated on the
scan, although MRI is better for most soft tissue 
abnormalities.

The indications for CT include evaluation of os-
teochondritis dissecans, osteochondral fractures,
loose bodies, subtalar and ankle arthritis, tarsal
coalition, and all fractures involving the hindfoot.
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FIGURE 4.15. Sectional plane
drawing indicating the lines of
axis for the coronal, trans-
verse (axial), and sagittal
views.
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Peroneal tendons can also be seen on transverse
imaging images, which are particularly well suited
to evaluate shallow fibular grooves in patients with
peroneal subluxation.

Disadvantages

The disadvantages of the CT scan include its high ra-
diation dosage, its inability to image directly in var-
ious planes, and its low spatial resolution compared
with conventional radiography and tomography.

Technique

Positioning the patient for CT scanning is extremely
important.17 Symmetry between the two extremities
must be maintained, and the plantar aspects of the
feet should be pressed against the flat surface with
a mild amount of pressure simulating weight-bear-
ing. The patient is supine, with hips and knees flexed
sufficiently to allow full insertion of the hindfoot in
the scanner aperture. A foot holder is particularly
helpful for maintaining the appropriate position of
the hindfeet to obtain symmetric images on bilateral
scans.

The transverse (axial) plane images are done with
the foot at a 90-degree angle to the end of the table
extension. The gantry is tilted either 0 or 20 degrees
(Fig. 4.16A,B). For coronal plane images, the pa-
tient is supine, with the feet placed in extension with
a 20-degree incline plane (Fig. 4.16C). If this is not
comfortable, a 40-degree incline plane can be used.
The gantry is tilted 20 degrees to compensate for
the incline plane of 20 degrees and is maintained in
perpendicular alignment with the plantar aspect of
the foot.

The sequence of the sections is from the poste-
rior surface of the talus to the body of the navicu-
lar. The slice interval is usually 3–5 mm, but the
scanner capability can be as little as 1 mm. The slice
thickness varies also but is generally 4 mm. For an-
kle and hindfoot pathology, generally the coronal
and transverse planes are utilized. The computer re-
constructions in multiple planes may be obtained at
the termination of the examination, although they
lack the spatial resolution of the direct transverse or
coronal scans. With newer software the image can
also be recreated with a three-dimensional picture
that occasionally is useful particularly for evaluat-
ing patients with fracture pathology.

Clinical Applications

The CT scans can be extremely useful when evalu-
ating and treating numerous disorders of the ankle.
Normal anatomy must be appreciated to understand
pathologic conditions. A detailed discussion of nor-
mal anatomy is beyond the scope of this chapter,
and the reader is referred elsewhere for further in-
depth presentations.18,19

Computed tomography scans are particularly use-
ful for evaluating osteochondral lesions of the talus.
By examining both the coronal and transverse
planes, the size and location of the lesion can be as-
sessed in AP and mediolateral directions (Fig. 4.17).
A staging system for osteochondral lesions has been
developed based on our experience (more than 150
cases) with pre- and postoperative CT scans and
arthroscopic verification20 (Table 4.1). Other appli-
cations of CT scanning include evaluation of tarsal
coalition and fractures (Figs. 4.18, 4.19).

Contraindications

Metallic implants provide a reflection pattern that
obscures images. However, sometimes, despite the
blurring of these images from such things as screws,
staples, and plates, the specific point of interest is
still visible if the metallic implant is not too close
to the target anatomy. In addition, the newer hard-
ware is able to eliminate some of these problems.
Thus in the future it will be easier to scan these 
areas.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging is indicated for evalu-
ating ligamentous and tendon injury, osteochondral
injuries, stress fractures, coalition, bone and soft tis-
sue tumors, ischemic necrosis, infection, and post-
operative complications.21–25 Routine radiography
remains the initial screening procedure of choice
when imaging the foot and ankle. MRI, however, is
proving to be the procedure of choice for evaluat-
ing soft tissue injuries of the capsule, ligaments, ten-
dons, cartilage, and muscle as well as radiographi-
cally occult conditions. The advantages of MRI
include lack of ionizing radiation, the ability to scan
clearly in a multiplanar fashion, and superb soft tis-
sue contrast with the ability to distinguish fat, liga-
mentous tendons, bone marrow, and fluid. There is
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FIGURE 4.16. Position for
computed tomography (CT)
scan images. A: Positioning for
transverse sections through
the ankle. The beam is made
parallel to the plantar surface
of the foot. B: Positioning for
transverse sections to evaluate
metatarsocuneiform joints and
talus. In this position the beam
is angled 20 degrees oblique 
to the plantar surface of the
foot, which makes it approxi-
mately parallel to the medial
metatarsals. C: Positioning for 
coronal images. Note the 20-
degree angulation on the ex-
tension apparatus. The beam
is also angled 20 degrees.
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excellent resolution of the ankle, subtalar joint, foot,
and surrounding soft tissue.

The magnetic resonance phenomenon involves
an atomic nucleus. Those imaged are usually hy-
drogen nuclei, which consist of a single proton and
are most abundant in water. A strong magnetic
field is used to align these protons uniformly. Fre-
quency pulses are then applied that change the ori-
entation of the aligned protons. After the pulse,

the protons relax back to their initial state. This
relaxation process may be described by two time
characteristics: T1 and T2. We can emphasize ei-
ther of these two characteristics by altering two
variables: echo time (TE) and recovery time (TR).
Images with short TE and TR are relatively T1-
weighted; those with long TE and TR are T2-
weighted. The third type of image is a “balanced,”
or intermediate-weighted, image, with a long TR
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FIGURE 4.17. Osteochondral
lesion of the medial dome of
the talus. A: Bilateral coronal
images demonstrating a stage
3 lesion with lucency sur-
rounding the lesion on the
right. B: Bilateral axial images
showing the posteromedial
extent of the lesion on the right
with the sclerotic line sur-
rounding it.
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and a short TE. This is also referred to as a pro-
ton density image.

The characteristics just described apply to the
most commonly used sequence, the spin echo tech-
nique. There are many other sequences, including
gradient echo and short tau inversion recovery
(STIR) imaging.

The patient is usually positioned supine, prefer-
ably on a 1.5-tesla MR imager, the highest field
strength available for clinical imaging today. This
high field strength allows the highest signal-to-noise
ratio, helping to optimize overall image quality and
permitting high-resolution imaging. Imaging of only
one foot or ankle is preferred, utilizing a dedicated
extremity coil. We utilize a custom-built hindfoot
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TABLE 4.1. Classification of osteochondral 
lesions of the talus

Stage Description

I Cystic lesion within dome of talus, intact 
roof on all views

IIA Cystic lesion with communication to talar 
dome surface

IIB Open articular surface lesion with over-
lying nondisplaced fragment

III Undisplaced lesion with lucency
IV Displaced fragment

From Ferkel RD, Sgaglione NA. Arthroscopic treatment
of osteochondral lesions of the talus: long term results
[scientific exhibit]. Presented in part at the 60th annual
meeting of the American Academy of Orthopaedic Sur-
geons, San Francisco, 1993.

FIGURE 4.18. Talonavicular coalition is best demon-
strated on sagittal CT scan reconstruction in a patient with
recurrent ankle sprains.

FIGURE 4.19. Comminuted
calcaneal fracture of the left
foot is best demonstrated on
this axial CT scan.
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positioning device and a separate custom-built foot-
holding device for imaging the midfoot and forefoot
(Fig. 4.20). To maximize resolution, we image a
small anatomic area utilizing thin (3–4 mm) sections
with an interslice gap of 0–1 mm.

The MRI scans provide dramatic tissue contrast.
Pulse sequences can be selected to maximize this
soft tissue contrast. Fluid gives a low signal inten-
sity on T1-weighted (T1W) images and high signal
intensity on T2-weighted (T2W) images. Fat satu-
ration techniques such as the STIR sequences allow
exquisite detection of bone marrow edema and are
essential for the earliest detection of osseous pathol-
ogy. Table 4.2 highlights the key sequences for MR
imaging of the foot and ankle.

Osteochondral Lesions of the Talus

The MRI technique is useful for diagnosing numer-
ous pathologic conditions of the foot and ankle.26,27

Whether CT or MRI is the study of choice for eval-
uating osteochondrosis dissecans (OLT) (osteochon-
dral lesions of the talus) is still controversial. MR is
more accurate than CT for detecting cartilaginous
abnormalities and their communication with the sub-
chondral bone. A thin layer of fluid may extend into
the bed of the OLT, with full-thickness chondral de-
fects that communicate with the joint. This results in
potential instability of the osteochondral fragment.
MRI may overestimate the size of the osteochondral
lesion if the associated subchondral cystic changes
are not described separately. We advocate MRI for
OLT if the routine radiographs are negative; we sug-
gest CT if an OLT is demonstrated on the radi-
ographs. CT more accurately defines the cortical
marginations and calcified loose bodies but may not
detect cartilaginous loose bodies, early OLT, or iso-
lated cartilaginous lesions (R.D. Ferkel et al., un-
published observations).

Ligament Injuries

The lateral ankle sprain is the most common ankle
injury. Most acute ankle sprains require only con-
ventional radiography. MRI may be helpful for de-
tecting associated osteochondral lesions or estab-
lishing the degree of ligamentous injury.28 With a
chronic ankle sprain that fails to respond to therapy,
MR may be helpful for evaluating associated in-
juries, including osteochondral lesions of the talus
and anterolateral impingement.

The intact lateral ligaments are best demonstrated
on axial and coronal sequences as low signal inten-
sity. Mild sprains demonstrate increased signal in-
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FIGURE 4.20. Custom built hindfoot positioning device for
magnetic resonance imaging (MRI) scans. The device is
worn while scanning is done inside the extremity coil.

TABLE 4.2. Preferred MRI sequences for the foot and ankle

Area of pathology Key plane(s) Sequence(s)

Achilles tendon Sagittal, axial T2 with F/S and/or STIR
Medial or lateral flexor tendons Axial, coronal PD and T2
Anterolateral impingement Sagittal T1 and STIR

Axial T2
Ankle ligaments Axial PD and T2

Oblique coronal PD with F/S
Soft tissue Axial PD and T2
Bone Sagittal T1, STIR

F/S, fat saturation; MRI, magnetic resonance imaging; PD, proton density or balanced images; STIR, short tau inver-
sion recovery, a fat saturation technique.
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tensity with irregular thinning or thickening. Com-
plete discontinuity is seen with complete grade III
ligament injuries (Fig. 4.21).

The deltoid ligament demonstrates a series of low
signal intensity bands extending from the medial
malleolus to the talus, sustentaculum talus, and spring
ligament and navicular. The posterior tibiotalar com-
ponent normally demonstrates a striated appearance.

To evaluate injuries to the syndesmotic complex,
all imaging sequences must be extended at least 4 cm
above the talar dome. The components of the syn-
desmotic complex are normally of uniformly low sig-
nal intensity and follow an oblique course. Complete
disruption may be evident and is best depicted on ax-
ial sequences. Tables 4.3 and 4.4 list the sequences
and anatomic orientations recommended for MR eval-
uation of the ankle, hindfoot, mid-foot, and forefoot.

Coalition

Osseous, fibroosseous, and osteocartilaginous coali-
tions are a frequent cause of ankle and foot pain.

Traditionally, plain radiography and CT scans have
been the studies of choice to evaluate coalition.
Properly performed, MRI demonstrates osseous
coalitions (Fig. 4.22). In addition, MRI has the ad-
vantage of depicting the bone marrow edema that
may be present at sites of fibroosseous and osteo-
cartilaginous coalitions. The latter two conditions
may be difficult to detect with CT.

Soft Tissue Impingement

The MRI technique is useful for diagnosing soft tis-
sue impingement of the ankle and tears of the ankle
ligaments (Fig. 4.23).29 Abnormal soft tissue can be
seen in the anterolateral gutter in patients with soft tis-
sue impingement. In our experience, this is best
demonstrated on sagittal images through the fibula.

Tendon Injuries

Tendon pathology is best demonstrated with MRI
(Fig. 4.24).30,31 Tendon injuries may be described
as grade I, with increased size and signal intensity
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FIGURE 4.21. Acute tear of
the anterior tibiofibular liga-
ment. These T2-weighted
double echo axial images
demonstrate rupture of the
right anterior tibiofibular liga-
ment and an extensive
amount of fluid. atif, anterior
tibiofibular ligament; fb, fibula;
tal, talus; tb, tibia.

TABLE 4.3. Ankle and hindfoot MRI protocol

Key Plane(s) Sequence(s)

Axial PD and T2
Coronal T2
Sagittal T1
Sagittal STIR
Oblique coronala PD with F/S

a35–45° along the talar dome.

TABLE 4.4. Forefoot and mid-foot MRI protocol

Key plane(s) Sequence(s)

Sagittal T1
Sagittal STIR
Coronal T1
Coronal STIR
Oblique axial PD with F/S
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of the tendon representing partial tearing. With
grade II tendon injuries, the tendon has a thin, at-
tenuated appearance and may or may not have al-
tered signal intensity. Grade III tendon injuries rep-
resent complete tendinous disruption. The peroneus

split syndrome has been described, characterized by
a longitudinal split tear of the peroneus brevis. The
peroneus longus is usually intact and is located be-
tween the two split portions of the peroneus tendon,
which may form an inverted V (Fig. 4.25).32
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FIGURE 4.22. Talocalcaneal
coalition. A: Sagittal T1-
weighted sequence demon-
strates talocalcaneal osseous
coalition. B: Oblique coronal
proton density-weighted image
demonstrates talocalcaneal
osseous coalition.

4530_e04_p63-86  11/7/03  11:21 AM  Page 80



Infection

The MRI procedure is the study of choice follow-
ing routine radiography for detecting infection.33,34

Although evaluating osteomyelitis in the diabetic
foot is a challenge on all radiographic studies, MRI
is the most accurate imaging technique. Areas of
cortical destruction or fluid collections in the
medullary cavity of bone are the key imaging fea-
tures of osteomyelitis. MRI is also helpful for de-
lineating soft tissue abscesses. Fat saturation tech-
niques, including STIR imaging, are extremely
sensitive for detecting early bone marrow edema.
The presence of marrow edema may be encountered
only with neuropathic changes and marrow edema
related to regional hyperemia; alone it is not suffi-
cient for a diagnosis of osteomyelitis.

Tumors

The MRI technique is also the imaging study of
choice following plain radiography for evaluating os-
seous and soft tissue tumors (Figs. 4.26, 4.27).35
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FIGURE 4.23. Soft tissue impingement. A sagittal T1-
weighted image demonstrates a low signal density mass
in the anterolateral gutter (arrow) consistent with soft tis-
sue impingement.

FIGURE 4.24. Achilles rupture. Sagittal T2-weighted images demonstrate rupture of the Achilles tendon at the muscu-
lotendinous junction.
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Some soft tissue masses (e.g., lipomas and gan-
glions), have typical homogeneous imaging features;
and osseous masses (e.g., enchondromas) have typi-
cal MR features. The primary role of MRI evaluation
in the presence of malignant osseous neoplasms is di-
agnostic staging. Evaluating the extent of soft tissue
involvement and neurovascular bundle involvement
is critical in the diagnostic workup of malignant neo-
plasms. Whole-body bone scans to detect additional
lesions are also indicated. Radiographic evaluation of
the chest may be necessary as well.

Kinematic MRI

Kinematic MRI studies may be useful for evaluating
osseous and soft tissue impingement and peroneal
subluxation. Further research is necessary to confirm
the utility of this developing MRI application.

Three-dimensional MRI Applications

Three-dimensional (3D) MR imaging currently al-
lows contiguous 0.7 mm slices. These high resolu-

tion sequences improve MRI’s role in evaluating
chondral lesions. Currently, 3D gradient echo ac-
quisitions with fat saturation are being utilized for
cartilaginous detection. The 3D data sets may also
be useful when evaluating ankle ligaments with
oblique reconstruction techniques. It is likely that in
the future several 3D data sets will be acquired, and
all imaging data will be reconstructed from those
data sets after the patient scan has been completed.

MR Arthrography

Direct MR arthrography using dilute gadolinium so-
lutions (1:100) have demonstrated improved accu-
racy for detecting ligamentous injuries in patients
with chronic ankle instability.36 Institutional Review
Board approval is recommended, as the intraarticu-
lar administration of gadolinium has not received
Food and Drug Administration (FDA) approval. Our
experience with MR arthrography suggests improved
visualization of chondral lesions (Fig. 4.28), loose
bodies, and the deep component of the deltoid liga-
ment. Further investigation is needed to determine the
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FIGURE 4.25. Axial proton density (left) and T2 images demonstrate a split tear of the peroneus brevis. Accompanying
fluid is best seen in the T2 image on the right. The peroneal longus is intact.
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A B

FIGURE 4.28. Magnetic resonance (MR) arthrography. A: High-resolution T1-weighted oblique coronal MR arthrogram
demonstrates an osteochondral lesion of the plafond. Cartilaginous faces are well demonstrated. B: Axial T2-weighted im-
age through the plafond demonstrates the osteochondral lesion with multiple small cystic components.

FIGURE 4.26. Axial T2-weighted image demonstrates a
ganglion cyst on the dorsolateral surface of the foot as-
sociated with the extensor digitorum brevis muscle. ic, in-
termediate cuneiform; nav, navicular; cal, calcaneus.

FIGURE 4.27. Two lesions, one dorsal to the second
metatarsal and the other dorsal to the intermediate
cuneiform, are seen on this sagittal T1-weighted image.
The patient was diagnosed as having angiosarcoma fol-
lowing surgical biopsy of both tumors. ic, intermediate
cuneiform; 2mt, second metatarsal; fdb, flexor digitum
brevis.
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ultimate role of MR arthrography in evaluation of the
foot and ankle. We do not advocate the use of indi-
rect MR arthrography. Indirect arthrography utilizes
intravenous gadolinium with a time delay following
exercise, allowing the contrast to accumulate in the
joint fluid. The major drawback to this technique is
the simultaneous enhancement of areas of increased
vascularity and synovium. No joint distension is
achieved with indirect techniques.
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chapter 5

Setup, Distraction, 
and Instrumentation

Melbourne D. Boynton, J. Serge Parisien, James F. Guhl, 
and Carole S. Vetter

OPERATING ROOM SETUP

Ankle arthroscopy, as for most arthroscopy, re-
quires a large operating room essentially dedicated
to arthroscopy. The room requires special attention
to electrical control with appropriate grounding. All
electric cables must have adequate shielding to pre-
vent macro- or microshocks. The operating room
must be large enough to accommodate all arthro-
scopy equipment and operating room personnel.
Ankle arthroscopy requires a significant amount of
equipment, including the operating table and dis-
traction device, arthroscopy cart, first and second
instrument tables, suction and pump systems, and
instrument storage cart. Occasionally, fluoroscopy
is needed; therefore the room must be large enough
to accommodate this additional equipment and per-
sonnel. Operating room personnel must be able to
move around the room freely and maintain appro-
priate sterile and unsterile areas. The anesthesiolo-
gist must have the necessary equipment for general,
regional, or local anesthesia. The arthroscopy cart
should be mobile such that it can be moved about
the room and contain the video camera, video mon-
itor, motorized shaver, light source, and video
recorder or printer. The instrument cart should be
equipped with a full supply of motorized tools, ex-
tra sterile light cords, an extra camera and arthro-
scope, and backup instruments in case of malfunc-
tion or contamination.

It is ideal if the circulating nurse, scrub nurse,
and assistant are specialized in arthroscopic surgery.

They must be familiar with all arthroscopic equip-
ment and be able to troubleshoot any problems. It
is extremely important that the scrub nurse be fa-
miliar with the goals of the procedure so he or she
is able to anticipate the needs of the surgeon. Per-
forming ankle arthroscopy often requires several co-
ordinated steps with both hands; therefore the sur-
geon cannot be distracted by having to show the
scrub nurse what instruments are needed next. A
new scrub nurse should be supervised by a nurse or
operating room (OR) technician who is experienced
in ankle arthroscopy until the new scrub nurse has
sufficient experience.

All personnel, including the surgeon, must have
a thorough knowledge of how the camera, monitor,
recorder/printer, and distension fluid system func-
tions. They must also be able to clean, inspect, and
appropriately care for all instruments.

The Mayo stand contains sharp instruments and
the most commonly used diagnostic instruments,
such as trocars, cannulas, and probes. The back table
contains the therapeutic instruments, such as
graspers, baskets, and curettes.

PATIENT POSITIONING

Ankle arthroscopy can be performed with general,
regional, or local anesthesia. If general anesthesia is
used, the patient should be paralyzed to allow eas-
ier distraction and visualization. Local anesthesia
(ankle block) (see Chapter 21) can provide excel-
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lent anesthesia and is often combined with intra-
venous sedation for ankle arthroscopy. If a tourni-
quet is required for hemostasis/visualization, con-
version to a general anesthetic may be necessary.

The position of the patient varies depending on
the surgeon’s preference and the anticipated mode
of distraction. Ankle arthroscopy can be performed
in three positions: supine using a thigh and ankle
holder; supine using a leg holder with the end of the
operating table dropped 90 degrees; and lateral de-
cubitus using a bean bag. Figure 5.1 shows four po-
sitions of the foot and leg for ankle arthroscopy us-
ing noninvasive distraction.

To use the thigh and leg holder, the patient is po-
sitioned supine with the hip and knee flexed 45–50
degrees. A tourniquet is placed around the proximal
thigh, and the thigh is placed on a nonsterile holder
that supports the thigh superior to the popliteal
fossa. Foam pads are placed under the thigh to pre-
vent injury to the hamstrings or sciatic nerve. The
extremity is secured in the thigh holder with an Ace
wrap and is then prepared with a sterilization solu-
tion and draped. If needed, a sterile ankle holder or
noninvasive distraction strapping device is applied

and attached to a sterile clamp as in Figure 5.2. The
clamp is attached to the table over the drapes. The
foot of the operating room (OR) table can be low-
ered 10–20 degrees if required to make room to
work through the posterolateral portal.

An alternative method has the patient in a supine
position with the leg in a knee holder and the end
of the OR table dropped 90 degrees. The leg and
ankle hang over the end of the table, allowing some
distraction by gravity. Additional noninvasive dis-
traction can be applied by an assistant using a Ker-
lix wrap clove-hitch knot around the ankle or pre-
fabricated straps held under the foot.1

Parisien described a 45-degree lateral position.2

The patient is placed in a lateral decubitus position
with the body supported by a bean bag and tilted
slightly posteriorly, as shown in Figure 5.3. The an-
kle is elevated on a well-padded box. The ipsilat-
eral hip is externally rotated for anterior portals ac-
cess and internally rotated for posterolateral portals
access. Plantar flexion of the foot and ankle allow
better anterior visualization and instrumentation.
This position is particularly useful for subtalar
arthroscopy through lateral portals.
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FIGURE 5.1. Four positions of the leg and foot for ankle arthroscopy using the Guhl noninvasive ankle distractor. (Smith
& Nephew Inc./Arthroscopy—Andover, MA.)
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DISTRACTION

Visualization and manipulation of the ankle can be
significantly improved by the use of distraction,
which increases the space between the tibia and the
talus. It allows better visualization of all compart-
ments while decreasing the risk of scuffing the ar-
ticular cartilage and breaking the instruments or
arthroscope. Without distraction, it is difficult to
place a rigid arthroscope over a curved structure
such as the talar dome, as seen in Figure 5.4.

Distraction methods applied to the ankle may be
invasive or noninvasive. In our experience it is rare
that invasive distraction is required. With the cur-
rent methods of securing the patient to the OR table,
the commercially available noninvasive distractors,
use of small joint instruments, the 2.7 mm arthro-
scope, and use of the posterolateral portal, we have
not needed invasive distraction for ankle or subta-
lar arthroscopy for at least 5 years.

Noninvasive Distraction

Noninvasive techniques such as manual distraction
and gravity are considered “uncontrolled” methods
because the amount of force applied cannot be mea-
sured, monitored, or maintained. Certainly, gravity-
only distraction is safe, whereas manual distraction
is associated with the possibility of damaged liga-
ments, although to our knowledge this complication
has not been reported. Noninvasive techniques 
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FIGURE 5.2. Noninvasive 
distraction with the ankle in 
the Guhl noninvasive distrac-
tor. (Smith & Nephew Inc./
Arthroscopy—Andover, MA.)

FIGURE 5.3. Ankle and subtalar arthroscopy can be per-
formed with the patient positioned supine and a bolster
at the end of the operating table. Manual distraction is
maintained by an assistant.
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such as the Kerlix clove-hitch knot with pressure
applied by stepping on the end is considered a
“semi-controlled” method of distraction. A “con-
trolled” method of noninvasive distraction devel-
oped by Guhl involves prefabricated straps that
hook across the foot and behind the heel and attach
to an outrigger, which applies a distraction force.
The Guhl noninvasive distractor is seen in Figures
5.2, 5.5, and 5.6. The distraction maintained should
be no more than 30 lb (135 N) of force and should
be applied for no more than 30–45 minutes without
periodic relaxation. Dowdy et al. demonstrated re-
versible nerve conduction changes with 30 lb (135
N) of force applied for 1 hour.3 Exceeding these lim-
its can result in paresthesias or neurapraxia in the
peripheral nerves of the foot. In practice, we do not
use a device to measure the distraction force but 
frequently release and readjust the noninvasive dis-
traction strap during the procedure. Often no dis-
traction is needed for anterior ankle joint arthro-
scopic surgery.

Contraindications to noninvasive distraction in-
clude impaired circulatory status, diabetes, ankle

edema, and fragile skin. Disadvantages include inad-
equate distraction and therefore increased potential for
missing the pathology, scuffing articular cartilage, and
breaking instruments. The disadvantages are mini-
mized by attention to detail, as mentioned earlier.

Invasive Distraction

Invasive distraction, although rarely required, is in-
dicated if noninvasive distraction does not provide
adequate visualization or enough room to perform
the arthroscopic procedure. Skeletal or invasive dis-
traction is performed by placing pins (medial or lat-
eral) in the tibia and talus or calcaneus. A threaded
distraction device is placed on the pins and is used
to open the joint a controlled amount.

Contraindications for invasive distraction include
reflex sympathetic dystrophy, open physis, os-
teopenia, and infection. Disadvantages include a risk
to neurovascular structures, infection, pin breakage,
and stretching of ligaments beyond their elastic limit
or ligamentous disruption. Another significant dis-
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FIGURE 5.4. A: Distraction helps prevent iatrogenic injury to the articular cartilage during arthroscopy. B: Without dis-
traction it is difficult to visualize the posterior structures of the ankle.
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advantage of invasive distraction is the inability to
manipulate the ankle position easily while main-
taining distraction during the procedure. Invasive
distraction can be performed using unilateral medial
or lateral pins or double distraction using through-
and-through pins and two distractors.

Lateral Distraction

Two threaded trochar-tipped Steinmann pins mea-
suring 4–5 inches long and 3/16 inch in diameter

are used for lateral distraction. The tibial pin is
placed 2.5–3.0 inches (6.5–7.0 cm) proximal to the
ankle joint line and a thumb’s-breadth below the an-
terior tibial crest. A soft-tissue trocar is used to tun-
nel through the subcutaneous tissue anterior to the
tibialis anterior tendon. A Steinmann pin is placed
through the trocar and is drilled across the lateral
cortex but not through the medial cortex. The cal-
caneal pin is placed approximately 1 inch (2.5 cm)
anterior and 1 inch (2.5 cm) superior to the pos-
teroinferior calcaneal margin and directed at a 20-
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FIGURE 5.5. This device is
part of the Guhl noninvasive
distractor. It allows fine ad-
justment of distraction inter-
operatively.

FIGURE 5.6. This prefabri-
cated sterile strap allows 
ankle arthroscopy using both
anterior and posterior por-
tals. (Smith & Nephew Inc./
Arthroscopy—Andover, MA.)
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to 30-degree caudal inclination. This pin should be
drilled through the lateral cortex up to but not
through the medial cortex. The joint is slowly dis-
tracted 4–5 mm. Additional traction is applied as the
capsular tissues relax. The pins then assume a near-
parallel position. Distraction should not exceed 7–8
mm or 50 lb of force for more than 1.5 hours. Care
should be taken to minimize bending of the pins.4

Figure 5.7 illustrates pin placement for invasive dis-
traction on the lateral side. The superficial peroneal
nerve and anterior tibial tendon are at risk of injury
with proximal pin placement. The sural nerve, lesser
saphenous vein, and peroneal tendon are at risk of
injury with distal pin placement.

Medial Distraction

The technique for medial distraction is performed by
placing the proximal pin in the medial bare area of
the tibia approximately 1.5 inches proximal to the an-
kle joint line. The distal pin is placed into the talar
body just anterior and inferior to the palpable tip of
the medial malleolus. This pin should be drilled
through the medial cortex up to but not through the

lateral cortex. Both pins should be directed 10 de-
grees anterior and superior while parallel to the joint
to avoid the subtalar joint and neurovascular bundle.5

INSTRUMENTATION

Arthroscopes

Originally, the 4.0 mm standard rod-lens system
arthroscope was exclusively used in the ankle. In
some cases, however, this arthroscope is too large
in diameter and has too long a lever arm and too
large a sheath to allow complete visualization of the
ankle joint. This larger arthroscope is thought to al-
low higher irrigation fluid flow rates through the
sheath and therefore continues to be preferred by
some surgeons. We now use exclusively 2.7 mm di-
ameter arthroscopes for ankle and foot arthroscopy.
This more delicate 2.7 mm arthroscope is required
for tight ankles, improving visualization of the gut-
ters, posterior ankle, and subtalar joint. Angulations
of 25 or 30 degrees and 70 degrees are useful for
visualization in the ankle. The future development
and improvement in image quality of smaller-
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FIGURE 5.7. Invasive distraction is
performed by placing threaded pins lat-
erally and applying an external fixator
device, as illustrated. Most ankle
arthroscopy procedures can be per-
formed with noninvasive distraction.
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diameter arthroscopes will result in the application
of arthroscopic procedures to smaller joints in the
foot. Development of a flexible arthroscope may as-
sist the ankle surgeon in the future. 

Also important for ankle arthroscopy is an inter-
changeable cannula system that allows the arthro-
scope to be switched from portal to portal without
reinstrumentation of the portals, thereby decreasing
potential injury to the tissue or local nerve branches.
A disposable cannula system can be used for
arthroscopy of the ankle. The presence of a double
seal prevents leakage of fluid medium, and the side
port allows inflow or outflow, eliminating the need
for accessory portals. These features help protect
soft tissues when inserting and removing instru-
ments.

Video Cameras/Monitors/Light Source

Video cameras are of two types: tube and solid state.
The older video tube camera is not suitable for an-
kle arthroscopy because of its large size and weight.
Having significant weight on the end of a small-
diameter arthroscope can result in breakage due to
the lever effect and makes delicate surgery difficult.
Currently available solid-state charge-coupled de-
vice (CCD) chip cameras are lightweight (2 oz) and
provide a high-resolution image when used with a
powerful light source. Single-chip and three-chip
cameras are available. The three-chip camera offers
slightly better image quality. Both types are rela-
tively reliable; but, as with all surgical instru-
ments/equipment, a spare camera should always be
available.

A video monitor compatible with the video for-
mat of the video camera used for arthroscopy is re-
quired. Three video formats are used worldwide but
are not compatible. The National Television Sys-
tems Committee (NTSC) is the standard for North
America, most of South and Central America, and
several countries in the Far East. Phase alternat-
ing line (PAL) is the standard in most of Europe,
Asia, and Africa. Sequential Couleur à Mémoire
(SECAM) is used in France and a few other Euro-
pean countries. Some video camera/monitor sys-
tems have the capacity to record, monitor, or play
in all three formats. These systems are useful for
sharing or presenting information with colleagues in
other countries.

The resolution of the monitor is another consid-
eration. The better the resolution, the better is the

image quality for arthroscopic viewing. Monitors
are available with as many as 750 lines of horizon-
tal resolution. However the ultimate image resolu-
tion is only as good as the resolution of the imag-
ing device with the least resolution. For example, if
a video camera with 300 lines of horizontal resolu-
tion is coupled with a monitor with 750 lines of hor-
izontal resolution, the image resolution is only 300
lines. A videotape recorder or video printer can be
used for documentation purposes. Currently, the
American Board of Orthopaedic Surgery (ABOS)
requires pictorial documentation of arthroscopic
findings for cases reviewed at the oral examination.
Commercially available video printers provide a
convenient means for documenting the postopera-
tive explanation of surgical findings to the patient
and a means to meet the ABOS requirement.

The light source is extremely important for
arthroscopy. The operating room personnel must
know how to change the light bulb in the source
during the procedure and to operate the source ad-
equately. The light source cable to the arthroscope
is a fiberoptic cable that is flexible and easy to ster-
ilize. However, the light-conducting fibers in the ca-
ble break and fail to conduct light adequately with
time; hence the fiberoptic cables should be checked
frequently and replaced if the light transmission ca-
pacity is diminished.

Inflow System

Irrigation fluid is required for visualization during
foot and ankle arthroscopy. We have no experience
with gas (CO2) for distension but suspect that it
would not be suitable because of poor visualization
secondary to bleeding or synovial fluid, the inabil-
ity to irrigate away debris, and the inability to dis-
tend the joint secondary to leakage.

Various irrigation solutions can be used for an-
kle arthroscopy. We use and suggest lactated
Ringer’s solution because it is physiologically and
osmotically compatible with articular cartilage and
is rapidly reabsorbed if it extravasates from the joint.
Lactated Ringer’s solution is also compatible with
radiofrequency devices if the surgeon wishes to use
them for foot or ankle arthroscopy.

Gravity inflow or an arthroscopic pump can be
used for joint irrigation. Gravity works well when
the fluid is elevated as high as possible above the
patient and is run through a separate inflow cannula
or when the arthroscopic sheath cannula has a large

5: Setup, Distraction, and Instrumentation / 93

4530_e05_p87-98  11/7/03  11:22 AM  Page 93



enough diameter to provide reasonable flow. High
flow tubing and 3-liter fluid bags provide an ap-
propriate pressure head when elevated. Ferkel re-
ported that an inflow cannula with 3.0 mm inner di-
ameter provides a flow rate of 750 ml/min with an
inflow fluid bag height of 3 feet.6 If the 2.7 mm
scope is placed in this 3.0 mm cannula, the flow de-
creases to 75 ml/min. The flow of a 3.7 mm can-
nula with a 2.7 mm scope in it is 500 ml/min at the
same bag height. The 4.5 mm “high flow” cannula
with a 4.0 mm scope in it produces a flow rate of
110 ml/min.

Arthroscopic pump systems can provide excel-
lent visualization but require pressure-regulating de-
vices to prevent overdistension or extravasation into
soft tissues. Extreme extravasation could result in a
compartment syndrome in the foot or leg. We have
excellent visualization with gravity inflow and
therefore presently cannot justify the risk or expense
of the pump systems.

Hand Instruments

Probes

The probe functions as a palpating finger during an-
kle arthroscopy. Flat-ended and curved-handle
probes are designed to evaluate chondral lesions and
to adjust to the multiple curvatures and multicom-
partment aspects of the ankle. Probes for ankle
arthroscopy should be 1.0–1.8 mm in diameter and

be able to be used through interchangeable cannu-
las (Fig. 5.8). Probes can have markings to help de-
termine the size of intraarticular lesions, but the
markings should be inked on to the metal and not
scored into it. Scoring creates stress concentration
that can result in breakage.

Knives

Special blades have been designed for the small con-
fines of the ankle joint. The blades are sharp, are re-
sistant to breakage, have magnetic properties, and are
disposable. They are short and can be delivered
through a cannula system. The blades are either
straight or hooked and are sharp on one or both sides.
These knives are used for sectioning fibrous bands,
plicae, capsular tissue, and ligaments and for excis-
ing osteochondral fragments and articular cartilage.

Basket Forceps

Small-joint, short, basket forceps with a variety of
tip designs are useful as cutting instruments for
débridement. They may be straight, angled right or
left, and angled up or down. Figure 5.9 is a basket
forceps with suction.

Currettes

Various small-joint, sharp curettes are particularly
useful for removing osteochondral lesions, trimming
articular cartilage edges, or removing articular carti-
lage for arthrodesis. They can be straight or curved
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FIGURE 5.8. Ideal probe for
ankle arthroscopy is as stout
as a probe for a knee joint but
shorter.
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and of an open-ring or closed-cup design. They should
resist bending and breakage. Small ring curettes are
used in only approximately 10 cases and then are dis-
carded before intraarticular fatigue failure occurs.
Curved Freer elevators are useful for disrupting ad-
hesions and loosening osteochondral fragments. Three
hand instruments are shown in Figure 5.10.

Rasps

Small rasps, both curved and straight, are particu-
larly valuable for modeling areas of the joint sur-

face after excising osteophytes or for abrading tis-
sue and smooth uneven surfaces of exposed corti-
cal bone.

Graspers

The optimal grasper has a flat head, is 2.7–3.0 mm
in diameter, and is able to reach all areas of the an-
kle easily. Graspers are used primarily to remove
loose bodies and soft tissue fragments. Pituitary for-
ceps are also useful not only for grasping loose de-
bris but for trimming osteophytes and débriding scar
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FIGURE 5.9. This instrument
is a basket forceps or punch
that is cannulated for suction.
The suction punch helps pre-
vent the tissue being resected
from getting loose in the joint.

FIGURE 5.10. Hand instru-
ments for tissue resection and
elevation between tissue
planes.
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tissue especially from the medial and lateral gutters.
Figure 5.11 shows various graspers.

Osteotomes

Small, sharp osteotomes are useful for removing os-
teophytes and elevating capsular or periosteal tissue.

Aiming Devices

Aiming devices, such as those used for anterior cru-
ciate ligament reconstruction, are useful for accu-
rate placement of guide pins, drills, and screws. Al-
though the devices designed for the knee work
adequately in most instances, a small joint device is
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FIGURE 5.11. A: Arthro-
scopic tissue grasper. B: Four
styles of grasping tip for loose
body removal and tissue exci-
sion.

A

B
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available commercially and can be helpful in tight
spaces.

Motorized Instruments

Small joint intraarticular shaving systems with 2.0–3.5
mm diameter instruments are used for ankle
arthroscopy. As with the larger motorized instruments,
suction is applied to the instrument to facilitate draw-
ing the tissue to be cut into the cutting blade or re-
moving the tissue that is being abraded away. The de-
vice is helpful, as it can débride the joint of soft tissue
more efficiently than simple hand instruments. It is
helpful to have a selection of cutting blades readily
available in the operating suite. The blades can be di-
vided into three types: full radius resectors, cartilage
cutters, and abraders. Motorized instruments are use-
ful for performing synovectomy, débriding adhesions,
resecting osteophytes, and abrading exposed cortical
surfaces. A power drill and selection of Kirshner wires
should be available, as they are useful for drilling the
bases of defects or osteocartilaginous craters that are
impossible to reach with the motorized shaver.

Retrieving Instruments

Metallic tubes with suction and magnetic properties
on one end are crucial during emergency situations
for immobilizing and retrieving broken instruments.
The combination magnetic tip with suction can
greatly simplify removal of a broken instrument tip
and can decrease patient morbidity by preventing
exploratory arthrotomy.

Repair Instrumentation

Several systems are available for repairing liga-
mentous injuries. Stapling systems and suture an-
chor systems can be used to tighten the anterior
talofibular ligament. Biodegradable pins can be used
to reattach osteochondral lesions of the tibia or talus.
The advantage of this device for osteochondrial fix-
ation is its ability to repair small lesions and mini-
mal iatrogenic damage to the articular cartilage.
Moreover, there is no need for hardware removal.
The disadvantage is its relatively poor fixation
strength compared to a screw.
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chapter 6

Soft Tissue Pathology

Melbourne D. Boynton and James F. Guhl

Soft tissue lesions are usually synovial or fibrocar-
tilaginous in origin and chronic in nature. Soft tis-
sue pathology accounts for approximately 40% of
the lesions in the ankle joint amenable to arthro-
scopic treatment. Most soft tissue lesions amenable
to arthroscopic treatment are secondary to trauma
and are localized. However, arthroscopic surgery
can also be useful for rheumatoid synovitis, chronic
synovial chondromatosis, and pigmented villonodu-
lar synovitis. Soft tissue lesions can occur coinci-
dentally with or secondary to chondral pathology
and may be associated with joint instability.

Arthroscopy is a major advance in the treatment
of soft tissue lesions of the ankle. Previously, many
disabling soft tissue impingement lesions were con-
sidered untreatable sequelae of a severe ankle
sprain. Arthroscopy not only allows identification
of soft-tissue impingement lesions but is a mini-
mally invasive technique for excision.

POSTTRAUMATIC LESIONS

Sprains or fractures of the ankle joint can result in
localized synovitis and fibrous scar formation. An-
kle sprains are an extremely common injury, oc-
curring during sports and activities of daily living.
Ankle sprains account for 45% of basketball in-
juries, 25% of volleyball injuries, and 31% of soc-
cer injuries.1 In a survey of 32 health care providers
associated with professional athletic teams, lateral
ankle sprains were the most common injury of the
foot and ankle among the athletes.2 Chronic symp-
toms are seen in 40–50% of patients with moderate
to severe ankle sprains.3,4 Although some patients

develop painful instability after an inversion injury
to the ankle, others have pain alone, with no feel-
ing of instability. A localized soft tissue reaction can
occur after an ankle sprain.3,4 With a localized sy-
novial or hyalinized fibrocartilaginous scar reaction,
motion of the ankle can cause impingement by the
talus or distal tibia. These space-occupying soft tis-
sue lesions cause pain and occasionally swelling
with impingement. Chronic impingement can result
in further hypertrophic synovium or fibrocartilage
formation.

Injury of the anterior talofibular ligament and in-
ferior band of the anterior tibiofibular ligament can
result in fibrocartilaginous scar formation at the an-
terolateral corner of the ankle joint. The hemarthro-
sis that occurs with these injuries can result in a fi-
broblastic response with fibrous tissue hypertrophy.
The hemarthrosis can also result in a synovitis that
can become chronic.5

Chronic synovitis and fibrocartilaginous hyper-
trophy results in a mass of inflamed tissue that is
most often seen in the anterolateral gutter of the an-
kle joint. The same painful mass is occasionally seen
anteromedially, posteriorly, or at the interarticular
portion of the syndesmosis. Most often with poste-
rior impingement symptoms, there is loose chondral
debris in the posterior recess responsible for the
chronic irritation that leads to the synovitis.

Anterolateral Impingement

Soft tissue impingement of the ankle is most often
seen anterolaterally. At this location, any reactive
synovitis or fibrocartilaginous scar can be impinged
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upon by the talus between the anterior tibia, the cor-
ner bounded by the anterior tibia and fibula, or both.
This phenomenon was described in 1950 by Wolin
et al., who treated nine patients with chronic pain
and swelling at the anterolateral corner of the ankle
after an ankle sprain.6 They described a mass of hy-
pertrophied fibrocartilaginous scar tissue that was
being impinged upon with motion of the ankle. They
termed this scar tissue a “meniscoid lesion” because
it was similar in appearance to a knee meniscus.
Open excision of this tissue resulted in relief of pain
in all of their cases (Figs. 6.1, 6.2).

The development of localized hypertrophied syn-
ovium or hyalinized-appearing scar tissue after an
ankle sprain can be due to two causes. Reactive syn-
ovium can form and become chronically painful sec-
ondary to the hemarthrosis of a single injury or re-
peated injuries. Second, the instability that results
from disruption of the anterior tibiofibular ligament
can result in altered ankle joint kinematics. Such in-
stability allows the scar tissue at the anterolateral
corner of the ankle to be pinched between the talus
and tibial plafond or in the lateral gutter between
the talus and the fibula. Instability of the ankle is
not required for anterolateral soft tissue impinge-
ment to occur, but it can be a cause of impingement
symptoms.

Impingement of the talus on the anteroinferior
tibiofibular ligament’s most distal fascicle was de-
scribed by Bassett et al. after a rear foot inversion
injury.7 During arthroscopy this ligament is some-
times seen below the articular edge of the distal

tibia. It can be a primary cause of impingement
symptoms if it is thickened or scarred from injury.
The fascicle can also predispose an ankle to im-
pingement. After a mild inversion injury, an ankle
with a large distal fascicle of the anteroinferior
tibiofibular ligament can develop significant symp-
toms due to mild hypertrophy of the synovium 
simply because of the space-occupying effect of the
fascicle.

The typical chief complaint of anterolateral im-
pingement lesions is pain with activities of daily liv-
ing after an inversion ankle injury (or more) that has
not resolved over several months. Often the incit-
ing sprain is described as mild. The pain is made
worse by climbing stairs or prolonged standing or
walking, and sometimes the patient complains of an
inability to run. The patient may have a feeling of
instability, but this complaint is not a diagnostic pre-
requisite. A complaint of instability or “giving way”
can be confusing, as the symptom may be due to
true mechanical instability secondary to ligamen-
tous insufficiency, or it may be due to intermittent
pain causing the feeling of giving way. Rest usually
results in complete but temporary relief of pain. The
patient may note some mild swelling when com-
paring this ankle to the contralateral ankle.

Physical examination reveals localized palpable
tenderness at the anterolateral corner of the ankle
joint. The tenderness can be over the anterior syn-
desmosis and can extend inferiorly around the an-
terior gutter over the fibula. Occasionally, there is
tenderness in the sinus tarsi, but it is mild compared
to the anterolateral corner. If the tenderness in the
sinus tarsi is more than mild, the examiner should
question the diagnosis of anterolateral soft tissue im-
pingement. It is also important to examine the sub-
talar joint for decreased motion and localizing ten-
derness. As with any musculoskeletal examination,
it is extremely important to localize the area of max-
imum tenderness, thereby helping to rule out other
diagnoses.

Often the examiner can palpate scar tissue or a
boggy fullness at the anterolateral corner compared
with the normal ankle. Pain is often elicited by pas-
sive forceful dorsiflexion of the ankle. Having the
patient actively dorsiflex the unloaded ankle fre-
quently does not elicit the pain; however, asking the
patient to squat from a standing position with the
ankle loaded frequently localizes the impingement-
induced pain.

Most patients have no positive findings on plain
radiographs, but it is obviously important to obtain
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FIGURE 6.1. Local subacute synovitis typical of what oc-
curs a few months following a sprain of the right ankle.
At a later date it may become chronic and develop into a
synovial impingement lesion.
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a three-view ankle series to rule out bony pathol-
ogy. Rarely some dystrophic calcification or het-
erotopic ossification is seen in the syndesmotic lig-
aments,8 and often a bony spur is seen on the
anterior tibia or neck of the talus predisposing the
patient to impingement symptoms. Bony pathology
is discussed in Chapter 7.

Radionuclide studies are usually normal and are

not required when radiography is normal. A mag-
netic resonance imaging (MRI) scan can be useful
to help confirm the diagnosis in the atypical patient.
MRI scans have highly variable accuracy depend-
ing on the availability of a high-resolution scanner
with extremity coil and the experience of the radi-
ologist. MRI is not required to diagnose anterolat-
eral soft tissue impingement in the typical patient.
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FIGURE 6.2. A: Bassett’s ligament,
showing the lateral aspect of the an-
kle joint. The distal fascicle of the an-
teroinferior tibiofibular ligament is par-
allel and distal to the anterior
tibiofibular ligament proper; it is sep-
arated from it by a fibrofatty septum.
Inset. With dorsiflexion, the distal fas-
cicle of the anteroinferior tibiofibular
ligament may impinge on the antero-
lateral aspect of the talus. B: An-
teroinferior tibiofibular ligament im-
pingement on the neck of the talus.
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An important diagnostic test in patients with soft
tissue impingement syndromes is a local anesthetic
injection. After sterile preparation of the skin, lido-
caine is injected in the area of maximal tenderness
around the ankle joint. The local anesthetic can be
combined with a corticosteroid preparation. Excel-
lent pain relief is expected with an accurately placed
injection, confirming the diagnosis of soft tissue im-
pingement. Occasionally, the steroid decreases the
mass of the hypertrophied synovium and obviates
the need for arthroscopy. There is some controversy
about the safety of an intraarticular cortisone injec-
tion, but we believe the risk of a single steroid in-
jection is probably less than the risk of ankle
arthroscopy.

Anteromedial or Medial Impingement

Localized anteromedial soft tissue impingement
of the ankle can occur, although it seems to be
rare. Eversion injury of the ankle can injure the
deltoid ligament and anteromedial capsule. Injury
to the deltoid ligament or capsule can result in
scarring and hyalinization or hypertrophy syn-
ovium causing symptoms on the medial side of
the ankle.9 The history and physical findings are
similar to those of anterolateral impingement, ex-
cept the pain, local swelling, and tenderness is me-
dial (Fig. 6.3).

Posterior Impingement

There are four potential posterior soft tissue im-
pingement lesions. First, hypertrophy of the trans-
verse tibia fibular ligament can occur. The ligament
is variable in both size and shape.10 Occasionally
the transverse tibiofibular ligament tears, and the
subsequent formation of hypertrophic scar tissue
can result in painful posterior impingement. A sec-
ondary tibial slip of the transverse tibial fibular lig-
ament has been described that, when present, may
predispose the ankle to posterior impingement
symptoms (Figs. 6.4–6.6).

Second, ballet dancers, who chronically place
their ankles in hyperplantar flexion, can develop sig-
nificant posterior impingement symptoms. It is im-
portant to recognize that these symptoms may be
due not only to soft tissue impingement but to im-
pingement or injury to an os trigonum.11,12 Hamil-
ton described a hypertrophied posterior labral struc-
ture that he termed the “meniscus of the ankle.” He
found tears of this hypertrophied posterior tibial
labrum in ballet dancers.13

Third, kicking athletes, such as football or soc-
cer players, can have violent posterior impaction of
the soft tissues between the talus and the tibia. This
violent posterior contact occurs intermittently and
may result in synovitis. The impaction is exacer-
bated if the ankle has laxity secondary to injury of
the anterior talofibular ligament. With insufficiency
of the anterior talofibular ligament, the talus can
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FIGURE 6.3. Ruptured deltoid ligament in medial gutter
enfolded on itself. Pain resolved after arthroscopic exci-
sion.

FIGURE 6.4. Typical soft tissue impingement lesion lo-
cated in the posterolateral corner of the right ankle. The
patient had long-standing localized pain and tenderness.
Complete relief was obtained after excision.
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sublux anteriorly during hyperplantar flexion activ-
ities. Chronic reactive synovitis may form in the
posterior gutter of the ankle joint, causing signifi-
cant pain and disability. This chronic reactive pos-
terior synovitis is often due to other pathology, such
as small, loose chondral debris or postfracture chon-
dral degeneration.

Fourth, a syndesmotic impingement lesion ema-
nating from the intraarticular portion of the distal
tibiofibular joint can sit in the posterolateral corner
of the ankle and cause posterior impingement symp-

toms. We have seen cases in which a large piece of
synovial tissue is on a pedicle attached at the distal
syndesmosis and sits in the posterior recess, caus-
ing posterior soft tissue impingement symptoms.

The clinical complaint with posterior soft tissue
impingement is typically pain with any activity that
involves forced plantar flexion. It is rare that these
patients have pain with walking. If the patient is a
ballet dancer, going en pointe causes significant pos-
terior pain. If the patient is a kicking athlete, strik-
ing the ball with the foot plantar-flexed results in
pain.

On physical examination, localized tenderness
posterolaterally and sometimes posteromedially
about the ankle joint is typical. Pain with forced
plantar flexion posteriorly is typical as well. It is,
however, extremely important to consider extraar-
ticular lesions around the ankle when examining for
posterior soft tissue impingement. It is our experi-
ence that extraarticular diagnoses are a more com-
mon cause of posterior pain than is intraarticular soft
tissue impingement. It is important to examine the
peroneal tendons for tendinitis or subluxation as
well as posteromedially for posterior tibial tendon
pathology, tarsal tunnel syndrome, and flexor hal-
lucis longus tendinitis (dancers’ tendinitis).14 Flexor
hallucis longus tendinitis may result in triggering
the great toe (hallux saltans). It is also important to
evaluate for a talocalcaneal coalition and Achilles
tendinitis. A stress fracture of the calcaneus or in-
stability of the calcaneal cuboid joint can cause con-
fusion when attempting to make a diagnosis of pos-
terior soft tissue impingement.15

Radiographs are important to rule out an os
trigonum or ossified loose bodies in the posterior
recess. A stress plantar flexion radiograph may show
impingement, anterior ligamentous laxity, or both.
If the patient has an os trigonum, a bone scan is use-
ful for evaluating the possibility of injury to the os
trigonum resulting in the posterior pain. We cur-
rently obtain a preoperative MRI scan to evaluate
for intraarticular versus extraarticular pathology in
patients with refractory posterior ankle symptoms
because of the complexity of the diagnosis.

Lidocaine and a corticosteroid preparation are in-
jected into the posterior recess of the ankle joint to
confirm the diagnosis of posterior ankle impinge-
ment. A corticosteroid is never included in the
preparation if the injection is into a tendon sheath
to evaluate for tendonitis, as it may result in atrophic
tendon rupture.16,17

6: Soft Tissue Pathology / 103

FIGURE 6.6. Enlarged transverse tibiofibular ligament (A)
in the posterior compartment of the left ankle joint seen
arthroscopically. It may be considered pathologic when
other lesions are ruled out and the symptoms are directly
related to this structure. Arthroscopic débridement should
then be considered. B, plafond; C, synovitis; D, talus.

FIGURE 6.5. Soft tissue impingement lesion in the pos-
terolateral aspect of the right ankle joint. It is typical of
this pathologic entity. The patient’s debilitating pain was
completely relieved after excision.
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Syndesmotic Impingement

Syndesmosis injuries are probably more common
than is usually recognized. Severe syndesmotic dis-
ruptions are usually recognized, especially if the del-
toid ligament is also injured, allowing subluxation
of the talus in the mortise. However, subtle syn-
desmotic injuries can result in chronic intraarticular
ankle symptoms without obvious clinical instabil-
ity. Syndesmotic injuries should be suspected and
examined for all ankle sprains. They should be es-
pecially considered when the mechanism of injury
involves external rotation or hyperdorsiflexion.18,19

Skiers,20 soccer players, and wrestlers frequently
have syndesmotic injuries. With a syndesmotic in-
jury the anteroinferior tibiofibular ligament can be-
come scarred and hypertrophied as described for an-
terolateral impingement. Chronic reactive synovitis
and synovial nodules can occur at the distal
tibiofibular joint and result in soft tissue lesions that
are impinged on by the talus in the ankle mortise
(Figs. 6.7–6.13). These lesions could not be visual-
ized prior to the use of arthroscopy. Arthroscopy has
allowed increased understanding of the existence of
these lesions and provides simple treatment as well.
A lesion emanating into the articular space from the
distal tibiofibular joint can mimic anterolateral or
posterolateral soft tissue impingement.

The clinical complaints emanating from syn-
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FIGURE 6.7. Typical synovial impingement lesion of the
lateral aspect of the right ankle. It arises from the synovial
recess of the superior portion of the lateral talomalleolar
joint and extends from the anterior to the posterior aspect
of the joint. Note the hemosiderin pigment. A, soft tissue
impingement; B, fibula; C, talus.

FIGURE 6.8. Aggregate of soft tissue removed from a
symptomatic ankle with the diagnosis of a soft tissue im-
pingement lesion.

FIGURE 6.9. Anterior-third lateral soft tissue impingement
lesion.

desmotic impingement lesions are similar to those
for anterolateral impingement. The major complaint
is pain while standing or walking. Occasionally, the
patient has a feeling of catching or locking sec-
ondary to a mass effect in the ankle.

On physical examination, these patients typi-
cally have localizing tenderness over the distal por-
tion of the anterior syndesmosis. It is often diffi-
cult to elicit pain from an intraarticular synovial
lesion of the distal tibiofibular joint. When exam-
ining for syndesmosis disruption, the squeeze test
and external rotation test are usually positive (see
Chapter 3); however, in a chronic setting these tests
may not be positive. When considering surgery for
a patient with syndesmosis impingement, it is im-
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portant to consider the possibility of chronic syn-
desmotic instability.

Radiographs are required before considering
treatment to rule out bony pathology.8 It is our ex-
perience that an MRI scan is typically not helpful
for true syndesmotic impingement lesions. If there
is concern about chronic syndesmotic instability at
surgery, fluoroscopy is used to determine syn-
desmotic laxity by obtaining a mortise view with
the foot in internal rotation and then a similar mor-
tise view with the foot forcefully rotated externally.
If there is significant widening of the mortise, a 
syndesmotic screw is placed after arthroscopic

débridement is performed. Consideration is also
given to an open repair of the syndesmotic ligaments
anteriorly.

Arthrofibrosis/Posttraumatic Adhesions

Arthrofibrosis and posttraumatic adhesions can oc-
cur after a fracture or after surgery. Treatment of
these problems after an ankle fracture is described
in Chapter 8. Arthroscopy is valuable for excising
adhesions that occasionally occur following a mild
to moderate ankle sprain or undisplaced fracture of
the distal fibula or medial malleolus. It appears that
fractures or ligament disruptions requiring open or
closed reduction or surgical repair are not followed
by adhesions or soft tissue impingement as often as
the less severe injuries. With displaced fractures or
ligament tears, intraarticular blood escapes into the
surrounding tissue. It also escapes during open re-
duction/internal fixation. With sprains and undis-
placed fractures, there is often a hemarthrosis that
is not aspirated and is ultimately absorbed by the
synovial joint lining. In some cases a marked cel-
lular response, fibrous tissue reaction, hyalinization,
and ultimately chronic synovitis with adhesion for-
mation occurs (Figs. 6.14–6.16).

The symptoms are often more dramatic and less
localized then those seen from other soft tissue en-
tities discussed earlier. Occasionally, locking is a
major complaint. The feeling of instability can be
misinterpreted as a ligament disruption. The patients
often experience loud clicking.
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FIGURE 6.10. Middle-third lateral soft tissue impingement
lesion.

FIGURE 6.11. Posterior-third lateral soft tissue impinge-
ment lesion.

FIGURE 6.12. Arthroscopic view shows laser beam just
before ablation of a posterior lateral soft tissue lesion.
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On physical examination, mild generalized
swelling is often seen with variable areas of lo-
calized tenderness. Motion is limited. The re-
maining motion is frequently painful and results
in crepitus.

At the time of surgery, multiple fibrous bands or
intraarticular adhesions are often seen. Adhesions
may form between the tibia and the talus and be-
tween the fibula and the talus. The adhesions can
range from small minor filaments of tissue to large
bands of tissue to severe adhesions with concomi-
tant capsulitis. This type of surgery is difficult, as
there is often little room in the articular space at the
beginning of the procedure. Extreme care must be
taken to avoid further damage to the already friable
articular cartilage. The postsurgical prognosis for
the more severely affected ankle with adhesions and
arthrofibrosis is limited.

ARTHROSCOPIC TREATMENT OF SOFT
TISSUE IMPINGEMENT LESIONS

Surgical Technique

Anesthesia is given according to the preferences of
the patient, surgeon, and anesthesiologist. Intra-
venous prophylactic antibiotics are prescribed—
usually cefazolin (1 g IV) unless the patient has an
allergy. A tourniquet is placed on the thigh. The po-
sition of the patient on the operating table is vari-
able. We prefer the patient supine with the thigh
supported by a thigh holder. Noninvasive distrac-
tion is applied using a sterile clamp attached to the
operating room (OR) table. Prior to applying dis-
traction, the skin undergoes routine preparation and
sterile draping. Anatomic landmarks are outlined on
the skin using a sterile skin marker. Such structures

106 / M.D. Boynton and J.F. Guhl

FIGURE 6.13. Chondral loose fragments often migrate
to the posterior recess, as the posterior recess is 1.5–
2.0 cm larger than the anterior recess.
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include the lateral and medial malleoli, anterior tib-
ialis tendon, dorsalis pedis artery, peroneus tertius
tendon, and the visible branches of the superficial
peroneal nerve. By placing the foot into plantar flex-
ion and eversion, one can often see the cutaneous
branches of the superficial peroneal nerve about the
ankle traveling to the foot.

The ankle joint is distended with lactated
Ringer’s solution using an 18-gauge needle. The an-
kle joint typically is maximally inflated with 15 ml
of solution. The needle is inserted into the ankle
joint just medial to the anterior tibialis tendon. Next,
the anteromedial portal is created. We use a no. 11
blade scalpel to make a vertical skin incision. Care
is taken to cut only the skin. Blunt dissection
through the subcutaneous tissues to the joint cap-
sule is carefully performed to avoid injuring the su-
perficial nerves. The joint capsule is then entered

with an obturator in the arthroscopic sheath. The an-
terolateral portal is created under arthroscopic con-
trol using an 18-gauge needle. The needle is placed
in the desired location of the portal just lateral to
the peroneus tertius tendon at the level of the joint
line. After confirming the location with the needle,
the portal is created with the same careful technique
used to create the anteromedial portal, avoiding in-
jury to the superficial peroneal nerve branches.

After the two anterior portals are created, the
arthroscope is maintained in the anteromedial por-
tal and instruments are placed through the antero-
lateral portal. Inflow is initially placed through the
arthroscopic sheath around the arthroscope. A pos-
terolateral portal is created if there is difficulty with
visualization or if posterior surgery is needed or ex-
pected to be performed. The posterolateral portal is
created by distracting the joint. The arthroscope is
inserted through the anteromedial portal through the
medial notch of Harty to visualize the posterior cap-
sule. An 18-gauge spinal needle is inserted pos-
terolaterally. The spinal needle is started in the skin
just lateral to the Achilles tendon approximately 2
cm proximal to the tip of the lateral malleolus. Once
the needle is visualized, it is then removed, with care
being taken by the operating surgeon to remember
the needle’s exact three-dimensional position. An
arthroscope sheath with an obturator in place is then
inserted in the same three-dimensional location and
is used to puncture the capsule just distal to the
transverse tibial fibular ligament. The cannula is left
in place, and the obturator is removed. The pos-
terolateral portal is used for inflow during anterior
surgery and for instrumentation and visualization
during posterior surgery. Care must be taken with

6: Soft Tissue Pathology / 107

FIGURE 6.14. Arthroscopic view of an adhesion coursing
its way over the mid-talus.

FIGURE 6.16. Histology of the lesion in Figure 6.15. Note
the fibrosis, minimal vascularity, hemosiderin, and a few
giant cells.

FIGURE 6.15. Gross specimen from the patient in Figure
6.14 after excision.
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creation and use of the posterolateral portal to avoid
injury to the sural nerve or short saphenous vein.

Gentle distraction or occasionally no distraction
is required for anterolateral isolated soft tissue im-
pingement lesions. Lesions of the anterolateral cor-
ner can easily be identified with the arthroscope in
the anteromedial portal. Often early in the proce-
dure hypertrophic synovial tissue must be excised
using a small-joint, motorized, full-radius soft tis-
sue resector. Placing the ankle into slight dorsiflex-
ion helps with visualization and makes more room
for working on anterior lesions. If the foot is placed
in plantar flexion, the anterior space may be closed
down, making it difficult to resect hypertrophic syn-
ovial tissue safely from the anterior capsular re-
cesses. Anterolateral impingement lesions can be re-
sected in any of the described arthroscopic positions,
but we prefer to have the patient supine using a thigh
holder. The 70-degree arthroscope can be helpful
for viewing and resecting anterolateral lesions as
well.

After resecting some of the anterolateral lesion,
complete diagnostic arthroscopy of the ankle is per-
formed. This requires switching the arthroscope to
the anterolateral portal and occasionally placing the
arthroscope in the posterolateral portal. It is com-
mon to have coexisting pathologies with any soft
tissue impingement syndrome; therefore complete
diagnostic arthroscopy of the entire ankle joint is
critically important. To complete the excision of the
anterolateral impingement lesion, hand instruments
may be required to excise the more distal fascicle
of the anteroinferior tibiofibular ligament. Care
should be taken to avoid injury to the anterior
talofibular ligament. Care must also be taken when
working anterolaterally or anteromedially to avoid
débridement through the anterior capsule. Anterior
débridement should always be carried out under di-
rect visualization to avoid injuring the normal ante-
rior capsule or going through the anterior capsule
into the dorsal neurovascular bundle.

Often a syndesmotic lesion can be excised with
the arthroscope in the anteromedial portal and in-
struments being placed through the anterolateral
portal. The syndesmotic lesion emanating from the
distal tibiofibular articulation is simply shaved
down to the level of the chondral surface, leaving
no soft tissue prominence. If the lesion cannot be
excised adequately with the shaver in the anterolat-
eral portal, the arthroscope can be placed in the an-
terolateral portal and the motorized shaver resector
in the posterolateral portal. Alternatively, the arthro-

scope and shaver can be reversed. Posterior lesions
are treated arthroscopically in a similar fashion, of-
ten requiring the arthroscope and hand instrument
portals to be switched frequently. The portals are
closed using 3.0 nylon suture in the skin.

Postoperatively, a bulky compression dressing is
used with a splint, which keeps the ankle out of the
equinus position. It is left in place for 5–7 days. The
patient remains on crutches during this time. At 5–7
days the splint, bulky compression dressing, and su-
tures are removed; and motion is encouraged.
Weight-bearing is permitted as tolerated if no os-
teochondral pathology is found at surgery. These pa-
tients often benefit from an aggressive physical ther-
apy regimen involving active range of motion
exercises until normal range of motion is achieved.
This is followed by a strengthening program for an-
kle dorsal flexion, plantar flexion, inversion, and
eversion. The program also includes proprioceptive
retraining exercises. Patients are told that their
symptoms may persist for 3–4 months. Return to ac-
tivities, including sports, is variable but can be ex-
pected by 6–12 weeks after operation.

Results

Arthroscopic excision of anterolateral soft tissue im-
pingement lesions is 80–90% successful in signifi-
cantly alleviating or eliminating symptoms.5,21–25

Most patients in published series had localized symp-
toms secondary to an inversion injury. It is our ex-
perience that patients with localized symptoms and
a palpable lesion that responds to a local injection
and no instability has the best outcome after arthro-
scopic excision. The literature regarding excision of
syndesmotic or posterior lesions is not as plentiful
or helpful in predicting postoperative outcomes.

The results of arthroscopic treatment of soft tis-
sue impingement in atheletes has been reported by
three investigators.26–28 DeBerardino et al.26 re-
ported 85% excellent results in 60 cases of antero-
lateral impingement in athletes with an average 2-
year follow-up, similar to the results of Guhl and
Stone.28 Synovial hyperplasia was universally found
in these series along with occasional fibrous bands.
They noted that the location of the impinging soft
tissues correlated with the clinical examination.
They also noted that many athletes had a diffuse pat-
tern of synovitis that seemed to impinge in the an-
terior and anteromedial compartments. DeBerardino
et al. suggested an ankle rating score for surgeons
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to review the outcome of their patients or compare
their patients with those from other series.26 Al-
though the scoring system has subjective and ob-
jective radiographic and functional criteria, it has
not yet been truly validated for use as a universal
score. Ogilvie-Harris et al. reported similar results
for anterior and anterolateral impingement lesions
in athletes who underwent arthroscopic treatment.27

The overall complication rate for recently re-
ported arthroscopic treatment of soft tissue im-
pingement lesions is about 3%.24,26,27 The compli-
cations in recent series included transient superficial
perineal nerve neuropraxia, local numbness around
the medial arthroscopic portal, and superficial
wound infections that responded to antibiotics and
did not progress to septic arthritis. It is possible that
the complication rates in reported series are less than
might be seen by the occasional ankle arthroscopist.
It is reassuring that the reported complications in
the large series are for the most part transient and
minor, although major complications such as septic
arthritis and permanent nerve injuries can occur.22

INFLAMMATORY DISORDERS/SYNOVITIS

Rheumatoid Arthritis

Rheumatoid arthritis is a disorder of the immune
system that affects the joints. The exact etiology is
unknown. Rheumatoid arthritis is known to affect
any joint with articular cartilage and synovium. Pain
with decreased range of motion in the subtalar joint
can be an early finding of rheumatoid arthritis. Any
joint in the body can be affected including the an-
kle. In most cases there is synovial hyperplasia with
villous and papillary formation with necrosis. Areas
of articular cartilage necrosis may be a late feature
of the disease. Disease-related symptoms may be
due to reactive inflammatory synovitis or the loss
of articular cartilage (Fig. 6.17).

Arthroscopy can be useful for complete syn-
ovectomy in the ankle joint affected by rheumatoid
arthritis. A more complete synovectomy can be per-
formed in the ankle joint arthroscopically than can
be performed with open techniques. The other ad-
vantage of arthroscopic synovectomy is that there is
less scarring than occurs with an open procedure and
therefore less stiffness. With rheumatoid arthritis, at
arthroscopy the synovial lining is typically prolifer-
ative and thickened. “Rice bodies” can be seen in
the synovium that are thought to result from areas

of surface necrosis in the synovial villae. Treatment
of a rheumatoid joint by synovectomy is controver-
sial, and there are no reported series regarding the
procedure on the ankle. Some state that early syn-
ovectomy provides better results in the knee joint
than later synovectomy and that early synovectomy
may provide increased joint function for several
years.29 Others believe that the risks of the proce-
dure do not outweigh the benefits.30

Crystalline Synovitis

Pseudogout or gout can occur in the ankle, as in the
knee, if nonoperative treatments have been ex-
hausted and the joint remains inflamed, extensive
lavage with the arthroscope can result in a marked
decrease in symptoms. Arthroscopic lavage is less
traumatic and more efficacious than open lavage
(Fig. 6.18).

Infectious Synovitis

Infectious synovitis or septic arthritis of the ankle
is amenable to arthroscopic treatment. The purulent
effusion can be evacuated arthroscopically. The fib-
rin clot, containing bacteria, can be completely
débrided from the joint arthroscopically as well. 
Occasionally, repeat arthroscopic irrigation and
débridement is required for the treatment of septic
arthritis. When treating an ankle joint or subtalar
joint for septic arthritis, it is important to be aware
of the possibility of a coexisting septic tenosynovi-
tis around the ankle that cannot be treated by arthro-
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FIGURE 6.17. Arthroscopic view of rheumatoid synovitis
(and arthritis) of the right ankle. Note the villous forma-
tion. (Courtesy of J.S. Parisien.)
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scopic lavage and débridement of the ankle joint.
Open débridement of the infected tendon sheath is
required. We have seen septic arthritis of the sub-
talar joint and septic tenosynovitis of the flexor hal-
lucis longus together.

Hemophilic Arthropathy

The ankle is a common joint for a hemophilic
hemarthrosis. Frequently the ankle is said to be a
“target joint.” Once hemarthrosis occurs, the syn-
ovium begins to hypertrophy. As the synovium hy-
pertrophies further, the joint is at increased risk 
for recurrent hemarthrosis. With each subsequent
bleed, there is synovial proliferation. This contin-
ued proliferation predisposes the ankle to further
hemarthrosis. The hypertrophic synovium secretes
enzymes that degrade articular cartilage. These 
enzymes and the enzymes released with the
hemarthrosis, damage the articular cartilage and can
result in hemophilic arthropathy, which may require
fusion.

Arthroscopic synovectomy can be used to de-
crease the frequency of hemarthroses. The assistance
of the patient’s hematologist to correct deficient fac-
tor levels prior to and after surgery is required for
arthroscopic synovectomy just as it is for an open
procedure. The patient is usually hospitalized for the
procedure to allow monitoring and treatment of clot-
ting factor deficiencies. Radioactive synovectomy
can be performed in place of arthroscopic synovec-
tomy with good early results. For radioactive syn-
ovectomy a radioactive isotope is injected into the
ankle and is taken up by the synovium, subsequently
resulting in synovial necrosis.31

Degenerative Synovitis

Posttraumatic degenerative conditions are occa-
sionally amenable to arthroscopic treatment (see
Chapter 8). An ankle with posttraumatic degenera-
tion or primary osteoarthritic degeneration is typi-
cally unlikely to respond to arthroscopic débride-
ment unless there are highly localized focal anterior
impingement symptoms.32 If the symptoms are se-
vere and not responsive to nonoperative measures
such as medications and bracing, arthroscopic ankle
arthrodesis is most often the appropriate treatment
(see Chapter 10).

Miscellaneous Disorders

Congenital Plicae

Plicae are common in the knee but rarely sympto-
matic. They are rarely seen in the ankle and even
more rarely are symptomatic. Occasionally a con-
genital band is seen in the ankle, but there are few
data regarding symptomatology from these congen-
ital bends. It is seemingly harmless to excise the
congenital band arthroscopically when it is an inci-
dental finding during arthroscopy for another pur-
pose (Fig. 6.19).

Neoplastic Disorders

Several benign neoplastic processes that occur in the
ankle can be well treated arthroscopically. Presently,
there is no role for arthroscopy when dealing with
malignant neoplasms of the foot or ankle.
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FIGURE 6.18. Crystalline synovitis. Note the probe with
crystals on the talar dome.

FIGURE 6.19. Congenital plica, posterior recess adjacent
or close to transverse tibiofibular ligament.
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Pigmented Villonodular Synovitis

Because pigmented villonodular synovitis (PVNS)
can recur after excision, we consider it a benign neo-
plastic process. It is seen in two forms: a localized
circumscribed lesion and generalized synovitis.
Clinically, the ankle joint shows evidence of chronic
synovitis with generalized swelling, aching, and
pain aggravated by activity. Radiographs are usu-
ally negative. MRI scans often reveal swollen syn-
ovial tissue and evidence of hemosiderin deposits
(Figs. 6.20, 6.21).

At arthroscopy, there is synovitis with advanced
papillary formation and more pigment (hemo-
siderin) than is seen with inflammatory synovitis.
Localized pedunculated or circumscribed lesions re-
spond well to arthroscopy with little chance of re-
currence. Recurrence is common with generalized
PVNS of the ankle.

Synovial Chondromatosis

Synovial chondromatosis can occur in the ankle.
This disease has been described to occur in three
stages.32 Stage I is synovial involvement only, with
chondral fragments in the synovial membrane but
no loose bodies. Stage II comprises active synovial
disease or synovitis with formation of numerous
loose bodies (often hundreds) in the joint. During
early stage II there is usually no osteoid involve-
ment, and therefore the loose bodies are not seen on
radiographs. Later, during the second stage, there is
bone formation in the loose osteochondral frag-
ments. The fragments are then seen on radiographs.
In stage III the synovitis becomes inactive, leaving

multiple osteochondral loose bodies. In addition to
the loose bodies, there is often local articular carti-
lage damage and early degenerative arthritis due to
mechanical disruption of the articular surface by the
loose bodies (Figs. 6.22–6.24).
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FIGURE 6.20. Arthroscopic view of pigmented villonodu-
lar synovitis (PVNS).

FIGURE 6.21. Another case of advanced pigmented vil-
lonodular synovitis.

FIGURE 6.22. This lateral arthrogram shows synovial
chondromatosis in the posterolateral corner.

4530_e06_p99-114  11/7/03  11:23 AM  Page 111



The clinical findings of synovial chondromotosis
depend on the stage. Typically, there is limited range
of motion with mechanical locking, swelling, and
palpable synovium or nodules about the ankle joint.
MRI is useful for diagnosing synovial chondro-
matosis prior to ossification of the chondral loose
bodies during stage II.

Arthroscopy is an excellent technique for diagnos-
ing and treating synovial chondromatosis. Synovec-
tomy must be performed during stage I or II, with
loose body removal conducted during the later stage.
Stage III requires arthroscopic removal of the loose
bodies with no need for synovectomy. A posterolat-
eral portal is used to examine the posterior recess for
loose bodies or chondral debris in the synovium. It is
important to recognize that loose bodies are frequently
present in conjunction with conditions other than syn-
ovial chondromatosis, such as osteochondritis disse-
cans, osteochondral fractures, and degenerative joint
disease. A synovial biopsy can help establish the di-
agnosis of synovial chondromatosis in selected cases.
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FIGURE 6.23. Anteroposterior arthrogram shows synovial
chondromatosis in the posterolateral aspect of the right
ankle. It was not seen on routine radiography.

FIGURE 6.24. Same case as in Figures 6.22 and 6.23.
Note the loose body in the medial talomalleolar joint and
the inflamed synovium.

The recurrence rate for synovial chondromatosis
after open surgery (arthrotomy) is about 5%. No 
series of arthroscopically treated cases has been 
reported.

ARTHROSCOPIC ANKLE 
SYNOVECTOMY: TECHNIQUE

Total or near-total synovectomy of the ankle can be
performed arthroscopically.33 Although there are no
reported studies regarding the efficacy of arthro-
scopic total synovectomy or the ability to perform
a total synovectomy, we suspect that arthroscopic
synovectomy can be performed that would leave
less than 5% of the synovium remaining. To per-
form near-total synovectomy, a posterolateral por-
tal and two anterior portals are required. Functional
distraction is essential. Both 30- and 70-degree 2.7-
mm arthroscopes are used. The procedure is tedious.
When excising synovium from the anterior capsule
extreme care must be taken to avoid injury to the
neurovascular bundle. Similarly, when excising the
synovium from the posteromedial capsule, one must
be careful to avoid injuring the posteromedial neu-
rovascular bundle. Attention to detail must be ap-
plied to the inflow/outflow system to maintain good
visualization without distending the extraarticular
soft tissues. As with nearly all ankle arthroscopy in
our center, gravity inflow is suitable for arthroscopic
synovectomy. The arthroscope and instruments are
switched from portal to portal frequently during syn-
ovectomy. An interchangeable cannula system is
helpful to avoid loss of the portals, particularly pos-
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teriorly, and to avoid injury to the soft tissues around
the portals.

Arthroscopic synovectomy of the ankle is a dif-
ficult procedure and is best performed by a sur-
geon with significant experience with ankle
arthroscopy. The procedure is clearly efficacious
in terms of infection. Most crystalline arthropathies
are likely to respond to conservative measures and
so do not require ankle arthroscopy. It is important
to realize that synovectomy in patients with
rheumatoid arthritis is controversial; and at present
no studies have demonstrated that arthroscopic
synovectomy in the presence of rheumatoid arthri-
tis is the optimal treatment. Chronic synovitis in
those with hemophilia can be treated with ra-
dioactive synovectomy, thereby avoiding or de-
creasing the need for arthroscopy. The most com-
mon arthroscopic procedure performed on the
hemophiliac ankle at our center is arthroscopic an-
kle arthrodesis (see Chapter 9).
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chapter 7

Osteochondral Pathology

James F. Guhl and J. Serge Parisien

SECTION 1: Defects of the Talar Dome

Some defects of the talar dome are better appreci-
ated when evaluated arthroscopically (Figs.
7.1–7.3). They should be suspected in the presence
of soft tissue pathology, where they may coexist be-
cause of the mechanism of injury. Therefore these
defects should be kept in mind when evaluating any
form of synovial impingement syndrome, adhe-
sions, or chronic nonspecific synovitis.

The surface of the articular cartilage should be
scrutinized for irregularities. The smallest amount
of fibrous tissue protruding from any linear defect,
the least movement or loosening, or the loss of re-
silience or luster should arouse suspicion. Such ar-
eas can then be easily dissected from the surround-
ing normal healthy cartilage using a probe. More
obvious stellate defects, linear cracks, and fibrillated
necrotic areas may be seen. There also are clear-cut
distinct craters with or without cartilaginous loose
bodies; they appear to be more common in the ta-
lar dome than in the plafond. These lesions may be
symptomatic and require treatment.

Radiographic evaluation begins with routine
films followed by the usual positional views for os-
teochondritis dissecans. Stress films may help pre-
dict the existence of these defects and their location
by the areas of contact between the talus and pla-
fond. Bone scans are negative because there is only
chondral involvement. Contrast studies can define
these defects and identify chondral loose bodies. Al-
though the computed tomography (CT) scan is not
likely to be of help, a CT arthrogram may reveal
subtle osteochondral lesions.

Beltran et al.1 originally described magnetic res-
onance imaging (MRI) of the ankle. They suggested
that this technique can demonstrate irregularities of
the articular cartilage surface. Kerr et al.2 found that

MRI was useful for diagnosing osteochondral de-
fects. The coronal and sagittal planes are most use-
ful for evaluating the talus by employing combina-
tions of T1- and T2-weighted images. Chondral
fractures, fragments, or lesions may be overlooked
as the cause of persistent ankle pain. Radiographs
are negative in most of these cases. MRI is a sensi-
tive means for demonstrating these lesions and may
also be used for staging. A bone scan can be nega-
tive in the presence of these lesions.

In addition to detecting subtle osteochondral le-
sions, MRI has been of value for assessing the over-
lying cartilage. MRI can show focal defects, disrup-
tion, thinning, swelling, and signal changes within
hyaline cartilage. Mild surface changes such as fib-
rillation may be difficult to demonstrate. However,
improved visualization of cartilage is possible with
several recently developed techniques or with the use
of intraarticular contrast media. CT or CT arthrogra-
phy is probably more accurate than MRI for demon-
strating intraarticular fragments, although gradient
echo images have improved MRI performance. The
advantage of MRI over CT when evaluating the talus
is that adjacent ligaments, tendons, and marrow space
may be evaluated as well. One must consider the cost-
effectiveness when using these studies. A good ankle
arthroscopist can make essentially the same diagno-
sis based on the history and physical examination and
proceed directly to treatment in many cases.

Some chondral lesions of the talar dome found at
arthroscopy are actually small or shallow osteo-
chondral fractures. In this case, the bone scan may
be weakly positive or negative owing to limited
bone involvement or early minimal arthritic
changes. Such entities may not have been recog-
nized on radiographs.
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Treatment requires complete débridement of all
necrotic or diseased articular cartilage, abrasion of
the base, and drilling. Drilling is done with a 0.062
inch Kirschner wire.

A complete set of small joint instruments was de-
signed by Ferkel and introduced by Acufex Micro-
surgical (now Smith/Nephew). The holmium-YAG
laser can be utilized to trim the margin, as is done
for osteochondritis dissecans. This practice appears
to reduce the rate of destruction (i.e., further peel-
ing or flaking of the articular cartilage) with con-
tinued use and time. Any combination of approaches
that best suits the location may be used.

The posterolateral portal is of value when study-
ing lesions located in the posterolateral aspect of the

dome as well as the anterior recess and remaining
joint. Posterior defects are usually located medially,
but posterolateral lesions have been encountered.
Viewing from the posterolateral portal is often far
superior when confirming the diagnosis or for chon-
dral bone defects.

LESIONS OF THE PLAFOND

Chondral defects of the plafond are probably the
most difficult lesions in the ankle joint to diagnose
preoperatively. They are rarely detected on routine
radiographs, and the bone scan is negative because
there is only chondral involvement. These lesions
may result from compression or twisting injuries in
which the talus is driven up or impacted against the
plafond. They may occur in the presence of more
extensive fractures of the extremity and be over-
looked or not considered at the time of injury. Such
defects can be the source of chondral loose bodies,
and they can also set the stage for future arthritic
changes in the ankle joint. Theoretically, a CT
arthrogram can delineate these defects, but often the
studies have not proved to have practical applica-
tion. MRI may be helpful.

Suspected chondral defects may be one of the
best indications to proceed directly to arthroscopy
for a diagnosis and then to arthroscopic surgery of
the ankle (Figs. 7.4–7.6). The lesions may appear as
large stellate or irregular defects with resultant
sources of loose necrotic cartilage. At times a clear-
cut defect with or without a separated loose body is
noted. On other occasions chondromalacia or fib-
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FIGURE 7.1. Video-arthroscopic view of a partially sepa-
rated chondral lesion (A) of the medial talar dome (B) in
the right ankle. C, plafond; D, medial malleolus.

FIGURE 7.2. Video-arthroscopic view of the same lesion
as in Figure 7.1 after débridement. Curette (A) is shown
removing the fibrous tissue from the base. B, lesion; C,
medial malleolus.

FIGURE 7.3. Arthroscopic view shows another case of a
chondral lesion of the talar dome after débridement. A,
débrided lesion; B, plafond; C, dome of the talus.
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rillation may be present, making the diagnosis more
difficult. After the chondromalacia is débrided, the
defect becomes apparent in contrast to the sur-
rounding normal articular cartilage.

Large osteochondral defects of the plafond can
also occur. They can be discovered and distin-
guished from lesions of the talar dome by a bone
scan. Better evaluation is by pinhole columnation or
single photon emission CT (SPECT) when the le-
sions are not visible on routine radiographic views.
Further definition or confirmation can be accom-
plished with tomography, CT scans, or MRI.

Treatment requires complete débridement and
abrasion, with drilling necessary at times. When
drilling, the defect is trimmed back to healthy ar-
ticular cartilage with a perpendicular margin.

The open-drilling technique has long been rec-
ommended for osteochondritis dissecans and such
other lesions. According to Cheung et al.3 more
stage II fibrocartilage consisting of a higher per-
centage of hyaline material is found when drilling
is used. These lesions can be approached for surgery
and drilled from the anterior portals with noninva-
sive distraction. The posterior approaches are of no
use because of the anatomic configuration of the
talocrural joint. Articular lesions of the tibial pla-
fond can be débrided from the anterior approach. If
drilling is thought necessary by the surgeon, it can
be done from above. A 2- or 3-mm hole is drilled
through the anteromedial tibial cortex with the use
of a 0.062 inch Kirschner wire directed by the Fer-
kel microvector guide. Autograft resurfacing, as de-
scribed for osteochondral lesions of the talar dome,
is not possible for local lesions of the plafond.

Postoperative rehabilitation requires early active
motion plus stretching and strengthening exercises.
A period of approximately 6–8 weeks of no weight-
bearing is important in these cases. Continuous pas-
sive motion (CPM) is used at the discretion of the
surgeon, followed by active motion.

One second-look arthroscopic procedure was
performed on a patient who had undergone
débridement and drilling of a plafond lesion 4
months earlier. Although the articular surface im-
proved, maturation of the fibrocartilage was not
complete. More time may have been required.
Other cases treated in the same fashion had good
clinical results at long-term follow-up (2 years or
more).
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FIGURE 7.4. Arthroscopic view of a lesion of the lateral
tibial plafond with a loose body in the right ankle.

FIGURE 7.5. Arthroscopic view of the lesion in Figure 7.4
after the loose fragment was removed and the crater was
débrided, abraded, and drilled.

FIGURE 7.6. Arthroscopic view of another chondral le-
sion of the lateral tibial plafond after reconstruction,
débridement, abrasion, and drilling. A, talus; B, drilled le-
sion; C, tibial plafond.
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COMBINED LESIONS OF THE DOME 
AND PLAFOND

Chondral lesions of the talar dome and tibial pla-
fond may occur, causing intraarticular pain, swell-
ing, crepitus, and limited motion (Figs. 7.7, 7.8).
The etiology may be presumed to be a twisting in-
jury, a forceful valgus or varus stress injury, com-
pression, or multiple instances of overuse.

The treatment selected must be appropriate for
the individual components of the pathologic entity.
Extensive clean-up (débridement) and lavage are re-
quired, including curettage, abrasion, and drilling of
all chondral surfaces as described above. The same
criteria are utilized depending on the surface, depth,
and position of the lesion. Extensive abrasion
arthroplasties are to be avoided. The prognosis is
generally bleak, and the end result may be an
arthrodesis. Because arthroscopic ankle arthrodesis
is associated with less morbidity, faster healing
time, superior duration of union, better cosmesis,
and, above all, fewer complications, it should be
considered, although in some cases the above
surgery may suffice.

CHONDROMALACIA

Chondromalcia lesions may be chondral defects of
the dome or tibial plafond, or they may be combined
lesions of the dome and tibial plafond. Usually they
coexist with soft tissue pathology, loose bodies, and
osteophytes (Figs. 7.9, 7.10).

The treatment is the same as that described for
chondral defects. If extensive or advanced pathol-

118 / J.F. Guhl and J.S. Parisien

FIGURE 7.7. Combined chondral lesion of the dome and
plafond.

FIGURE 7.8. Another view of the combined chondral le-
sion of the dome and plafond shown in Figure 7.7.

FIGURE 7.10. Video-arthroscopic view after the chon-
dromalacia was probed and débrided. A chondral defect
(A) was then apparent. B, abrader; C, dome of the talus.

FIGURE 7.9. Video-arthroscopic view of (A) chondroma-
lacia of the plafond.
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ogy is present, the prognosis may be grim and is to
some degree the same as that for combined chon-
dral defects. If the lesions are small, however, a
much better result can be expected.

Awareness of the pathology described above,
early recognition, confirmation, and aggressive
treatment are of the greatest importance. Conserva-
tive measures (i.e., antiinflammatory drugs, non-
steroidal antiinflammatory drugs (N.S.A.I.D.),
physical therapy, orthotics) should be considered
before advocating surgery.

CHONDRAL DEBRIS

Chondral debris requires awareness on the clini-
cian’s part. It usually is found in the anteromedial
corner or posterior recess (impingement) (Fig. 7.11)
and often coexists with local chronic reactive syn-
ovitis. Awareness and experience aid in early recog-
nition. The clinical examination (and history) is
most important; radiography and imaging are not es-
pecially helpful. Injection of a local anesthetic or a
steroid may be diagnostic or therapeutic. Should
symptoms persist, ankle arthroscopy is reasonable.
Removal by débridement and lavage is employed,
followed by early active exercise. A period of no
weight-bearing follows for a number of weeks at the
discretion of the surgeon.

MEDIAL IMPINGEMENT

Medial impingement results after a severe lateral an-
kle sprain that subsequently causes pain on the me-
dial and lateral sides of the ankle joint. This was not
fully understood until a series of cases were pre-
sented (unpublished data) by van Dijk.

The highest frequency of residual complaints oc-
curs after plaster immobilization for 6 weeks or
more. When this is preceeded by surgery, the per-
centage drops from 40–50% to 25–35%. If medially
located problems are not included in the statistics of
lateral ankle ligament treatment results, the numbers
of residual complaints are substantially lower.

Basically, the mechanism is rupture or sprain of
the lateral ligaments causing the superomedial cor-
ner of the talus to abut against the medial malleo-
lus. Chondral and osteochondral fragments shear off
from these surfaces, causing debris and reactive
chronic synovitis in the anteromedial corner.

Van Dijk observed this at intervals following the
date of injury. He documented the arthroscopic find-
ings and treatment, especially lavage and, as neces-
sary, ligament repair. During a 1.5-year period 
he treated and recorded the progress of 30 patients,
subsequently documenting his findings. The com-
bined arthroscopic views and sketches in Figures
7.12–7.20 show what the foot and ankle arthroscopist
may expect to see in the anteromedial corner and the
rest of the ankle joint prior to planning treatment.
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FIGURE 7.11. Iatrogenic adhesion impingement from drill
hole to place graft in the dome of the talus.

FIGURE 7.12. Localization and number of chondral le-
sions found at arthroscopy in a series of 30 consecutive
patients with rupture of the lateral ankle ligaments after
acute supination trauma. The arthroscopic procedures
were all performed 4–7 days after the trauma. (Van Dijk
1996)
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LOOSE BODIES

Loose bodies can be free or entrapped. Their re-
moval is the best reason for ankle arthroscopy. The
origin, development and fate of free loose bodies
must be kept in mind when reviewing the history
and clinical findings and then, when planning treat-
ment. The clinical picture of loose bodies in the an-
kle depends on the number, size, stage of develop-
ment, and associated pathology. Periodic episodes
of locking, pain, and a feeling of instability are typ-

ical. The clinical examination varies depending on the
factors discussed above. In advanced cases, swelling
may accompany any one of these episodes. Routine
radiographs often suffice, although occasionally CT
scanning or CT arthrography is necessary.

According to Milgram,4 loose bodies originate
from chondral and osteochondral defects such as os-
teochondritis dissecans, osteochondral fractures, in-
traarticular fracture defects, osteophytes, degenera-
tive arthritis, and synovial chondromatosis. They
may enlarge via osteoblastic formation or decrease
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FIGURE 7.13. A 21-year-old man sustained a rupture of
the anterior talofibular ligament. This arthroscopic view 5
days after trauma shows an osteochondral flake at the
medial talar facet and a small, round cartilage impression
on the tip of the medial malleolus.

FIGURE 7.14. A 22-year-old woman had an anterior
talofibular ligament lesion and a fibulocalcaneal ligament
lesion. The tip of the medial malleolus demonstrates a
chondral flake fracture. The fragment was left in place.
There were no complaints at the 6-month or 1-year 
follow-up.
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in size via osteoclastic activity. They also may be-
come attached to the synovium and remain un-
treated. Arthroscopic loose body removal provides
a significant advantage over open techniques (Figs.
7.21, 7.22). The limited access provided by open
arthrotomy makes complete removal of a loose body
subject to some guesswork. Complete arthroscopic
search for a single or a few remaining loose bodies
affords a much greater possibility of success. Dis-
traction with full distension and use of any of the
available approaches is employed.

During arthroscopy loose bodies may be found
with equal incidence in the anterior and posterior
recesses of the ankle joint, both lateral and medial
gutters, with minimal room to lodge elsewhere.
They can be hidden in those locations by numerous
synovial folds, chronic synovitis, or adhesions.
While they remain loose (i.e., do not become en-
trapped), they continue to migrate about the joint
owing to the patient’s activity. Triangulation via the
anterior approach is done at first. Often loose bod-
ies are mobilized from other areas in the joint and
cause more damage.

The posterolateral portals are often necessary if
the loose body is lodged in the posterior recess. A
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FIGURE 7.15. After a faulty landing on stage, a 26-year-
old professional female ballet dancer sustained combined
ruptures of the anterior talofibular ligament and calcaneo-
fibular ligament. At 5 days after trauma this arthroscopic
view demonstrates a chondral flake fracture of the tip of
the medial malleolus. The fragment was left in place. Af-
ter the 1-year follow-up there was stiffness after ballet per-
formances and pain after strenuous activities.

FIGURE 7.16. A 39-year-old woman made a faulty land-
ing after a jump, thereby sustaining a rupture of the an-
terior talofibular ligament. This arthroscopic view 4 days
after trauma shows a small cartilage flake fracture on the
medial talar facet and some irregularity on the tip of the
medial malleolus.
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large hypodermic needle, probe, or obturator can be
inserted posterolaterally and is used to push the 
lesions forward so they can be removed from the
anterior approaches. Occasionally, two stacked 
posterolateral portals are necessary. Triangulation
can be accomplished in many combinations or 
approaches.

As when treating osteochondritis dissecans and
chondral defects, use of the posterolateral approach
for viewing has proved to be highly effective when
inserting the operating instruments from anterior
portals. Often a loose body hidden in the extreme

anterior recess can be seen and removed best using
this technique. On occasion, tapping an area around
the portal with one’s finger helps remove a tight
loose body. Carefully twisting the grasper may re-
sult in the fragment gradually becoming dislodged.
Enlarging the incision by a few millimeters may aid
in removing a large loose body as well. Another
technique is to insert the grasping forceps and can-
nula together. When the loose body is captured, the
entire assembly can be extracted together, giving a
bit more control. Enlarging the incision may be
avoided by reducing the size of the loose body.
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FIGURE 7.17. A 26-year-old man twisted his ankle while running and sustained an anterior talofibular ligament lesion.
Arthroscopic view 6 days after trauma shows adhesion and fibrous tissue. No complaints were reported at the 6-month
and 1-year follow-ups. (A) Adhesion and fibrous tissue.
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ENTRAPPED LOOSE BODIES

Entrapped loose bodies are found in the anterior
or posterior recess or in the medial or lateral ta-
lar malleolar joint. They become firmly attached
or fixed in position over long periods of time by
soft tissue interposition or osteochondral attach-

ment. They differ from “ossicles” (described 
below).

The diagnosis is established by a combination of
clinical, radiographic, and imaging findings. Con-
firmation is by response to injection of a local anes-
thetic agent. Removal is more challenging, as they
must initially be freed by a variety of mechanical
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FIGURE 7.18. A 30-year-old man made a faulty landing after a jump playing soccer and sustained combined ruptures
of the talar fibular ligament and calcaneofibular ligament. Arthroscopic view shows cartilage damage on the anterior as-
pect of the medial malleolus (A). The large chondral fragment (B) was irrigated out of the joint. At the 1-year and 2-year
follow-ups, complaints about the medial side of the joint prevented him from returning to competitive soccer. (C) Defect
of medial malleolus.
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instruments. The holmium-YAG laser can be used
to great advantage during ankle arthroscopy, reduc-
ing the risk of damage to surrounding collateral soft
tissue or osteochondral structures (see Chapter 19).
Entrapped loose bodies may be asymptomatic, or
they may become symptomatic. If left in place, they
may cause further damage to the joint with contin-
ued motion. For these reasons, thorough removal is
required (Figs. 7.23–7.26).

OSSICLES

Ossicles are defined as intraarticular or periarticu-
lar osteochondral fragments enmeshed in a soft tis-
sue envelope. These fragments are often avulsed
from the tips of the lateral or medial malleoli and
lodge in their respective gutters as well as in the an-
terior recess (Figs. 7.27–7.31). Among more than
600 ankle arthroscopies, no fragments were seen in
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A

B

FIGURE 7.19. A 21-year-old man twisted his ankle while playing basketball and suffered combined ruptures of the an-
terior middle and posterior talofibular ligaments. This arthroscopic view 5 days after trauma demonstrates a loose carti-
lage fragment (A). The fragment was irrigated out of the joint. (B) Donor site defect.
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the posterior recess. On routine radiography they are
difficult at times to differentiate from free or en-
trapped loose bodies or osteophytes. Often ossicles
are small and asymptomatic. When they are symp-
tomatic and remain so, injection of a local anesthetic
agent combined with steroid may serve as a diag-
nostic test or be therapeutic. The relief may be tem-

porary or permanent. When removal is mandatory,
it must be performed by careful dissection from the
encapsulating soft tissue and the surrounding artic-
ular cartilage.

The ossicle is dissected from the surrounding tis-
sue by careful use of a banana knife, similar knives,
or a Frier dissecting instrument. The final avulsion
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FIGURE 7.20. A 24-year-old man made a misstep during walking on uneven ground, resulting in an anterior talofibular
ligament lesion and calcaneofibular ligament lesion. This arthroscopic view 4 days after trauma demonstrates a small
chondral flake fragment on the medial talar facet. At the 1-year follow-up there were no complaints. (A) Chondral flake
fragment from the medial talar facet.
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FIGURE 7.21. Video-arthroscopic view, with the plafond
(A) shown above and the dome (B) below. Two osteo-
chondral loose bodies (C,D) and the transverse ligament
(E) are seen.

FIGURE 7.22. Video-arthroscopic view of the same case
as in Figure 7.21. The loose body (A) has moved to the
medial side of the ankle joint proper. The grasping for-
ceps (b) are shown about to remove the fragment. C, pla-
fond; D, dome of the talus.

FIGURE 7.23. Radiograph of an entrapped loose body in
the medial corner.

FIGURE 7.24. Loose body at the posterior aspect of the
ankle.

FIGURE 7.25. Radiograph shows osteochondral body at
the posterolateral aspect of the ankle.
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FIGURE 7.26. A 35-mm arthroscopic view of the same
patient showing a loose body (A) (in the center of the il-
lustration) held by a sling of synoidal impingement tissue
(B). The loose body was easily dislodged with a probe
and removed with a grasping forceps. The impingement
lesion was also removed in its entirety. C, plafond; D,
dome of talus.

FIGURE 7.27. Arthroscopic view of two loose bodies.

FIGURE 7.28. Anteroposterior (AP) radiograph of an an-
kle after trauma shows a fragment distal to the tip of the
fibula.

FIGURE 7.29. Arthroscopic view shows a fixed osteo-
chondral fragment on the lower lateral talus.

FIGURE 7.30. AP radiograph after arthroscopic surgery.

FIGURE 7.31. Specimen from the lesion seen in Figure
7.30.
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can be in toto or piecemeal, similar to excision of a
pathologic os trigonum. The laser can be helpful
here because when dissecting away the soft tissue
the fragment can be identified by its honeycomb ap-
pearance (see Chapter 19). Ossicles are the best rea-
son for the use of laser in the ankle joint.

OSTEOPHYTES

Osteophytes are secondary to trauma or associated
with a degenerative joint.5,6 The traumatic lesions
are usually due to repeated dorsiflexion injuries or
may be the result of capsular traction following
forced plantar flexion of the foot. A genuine trac-
tion spur situated at the attachment of the anterior
capsule is rare, as most osteophytes are located well
within the attachment of the joint capsule.

On the talar side, the typical osteophyte is found
proximal to the talar neck notch. Both tibia and ta-
lar osteophytes can be easily detected during
arthroscopy. Normally, the lower anterior tibia and
the anterior part of the medial malleolus are cov-
ered with cartilage. The anterior joint capsule at-
taches to the tibia above the cartilage rim some 
5 mm above the joint line. It is this non-weight-
bearing anterior cartilage rim that undergoes osteo-
phyte transformation. Damage to the cartilage cov-
ering the anterior surface of the distal tibia and an-
terior rim of the medial malleolus is known to occur
with most supination injuries. Recurrent direct mi-

crotraumas to the anteriorly located cartilage rim
could be an important factor.

There is often a long delay in diagnosing these
conditions. The patient complains of pain with dor-
siflexion of the ankle, limitation of motion, and in-
termittent swelling. There is tenderness to palpation
along the anterior tibial tendon of the joint. Radio-
graphic studies show the presence of an exostosis at
the anterior lip of the tibia or at the anterior neck of
the talus. A bone scan may be helpful for early de-
tection of symptomatic osteophytes, and SPECT or
computer tomography with contrast may be required
for more accurate information. MRI is generally not
necessary. Conservative treatment such as antiin-
flammatory drugs, injections, physical therapy, or
some form of orthotics should be employed first.
Arthroscopy is the procedure of choice.

The arthroscope is placed initially in the antero-
lateral portal and interchanged with instruments in
the anterior and medial portals (Figs. 7.32–7.37).
Excision can be carried out with manual distraction.
Controlled noninvasive distraction with optimal po-
sitioning may be necessary to prevent damage to the
closely adjacent talar dome and to carry out a de-
tailed examination of the rest of the joint. At times,
if the anterior recess is limited or extremely tight,
distraction must be discontinued and the foot dorsi-
flexed on the ankle, which is redistended before pro-
ceeding. Small instruments may be used inter-
changeably here to accomplish removal. It is also
necessary, as with other ankle arthroscopic proce-
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FIGURE 7.32. Lateral radiograph of
the left ankle shows an interior im-
pingement (osteophyte) in a profes-
sional football kicker.
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dures, to débride the inflamed synovial tissue often
found in the anterior recess to gain adequate visu-
alization. The usual instruments are employed (i.e.,
osteotome, curettes, rasps, rongeurs, power instru-
ments, and a radiofrequency device or holmium-
YAG laser.

Arthroscopic removal of osteophytes of the an-
terior (and posterior) tibia, medial malleolus, ante-
rior fibula, and neck of the talus is the preferred
treatment. Entrapped loose bodies or ossicles can be
mistaken for anterior osteophytes and are excised.

If removal of the anterior tibial and talar osteophyte
(kissing lesion) is delayed, permanent tracking or
destruction of articular cartilage over the talar dome
and neck may result.

Postoperative management includes a soft com-
pression dressing for a few days, early active range
of motion, and strengthening exercises. Weight-
bearing is individualized. Intraarticular bupivacaine
(Marcaine) is often helpful.

Symptomatic posterior osteophytes, as described
by Schonholtz,7 are rare. When encountered, they
can be removed by any of the above-mentioned in-
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FIGURE 7.33. Same injury seen in figure 7.32 after suc-
cessful arthroscopic excision.

FIGURE 7.34. Video-arthroscopic view showing an os-
teophyte (A) being removed with a down-biting pituitary
rongeur (b).

FIGURE 7.35. Video-arthroscopic view of the case seen
in Figure 7.34 after a portion of the lesion has been re-
moved. A, osteophyte; B, dome of the talus.

FIGURE 7.36. Another video-arthroscopic view of the
case seen in Figures 7.34 and 7.35 shows the remainder
of the osteophyte (A) excised with a small osteotome (B).
C, dome of talus.
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struments via a posterolateral and accessory pos-
terolateral portal. These are the same portals utilized
to excise a symptomatic or pathologic os trigonum
or Stieda’s process.

INTEROSSEOUS BONE CYSTS

Bone cysts about the ankle are not common. They
occur in the area of the plafond and in the body of
the talus (juxtaarticular cyst). In the talus they are
usually located in the same area as osteochondritis
dissecans, which at times causes diagnostic confu-
sion. The difference in cases we have seen is that
the articular cartilage is usually intact. This is sug-
gested by radiography, confirmed by CT scans, and
further established at arthroscopy. These observa-
tions influence our choice of treatment. It is also of
interest that trauma was the causative factor in these
cases.

It was noted at arthroscopy that in cases of jux-
taarticular cysts of the plafond the articular cartilage
was intact; in a few of the cases there was a tiny
dimple where impending breakthrough could be a
threat. The treatment here was multiple drilling with
a 0.062 inch Kirschner wire from a 2- to 3-mm hole
in the tibial cortex from above using a guide. The
Ferkel microvector guide is preferred for accuracy.
Radiography and imaging are used as references.
All healed, as did a few cases of multiple cysts lo-
cated just above or adjacent to the tibial plafond.

The latter lesions are related to early degenerative
changes, which were thought to be the etiologic fac-
tor, rather than trauma. Bone grafting is not recom-
mended unless the cyst is larger than 1 cm.

POSTERIOR OSTEOCHONDRAL 
IMPINGEMENT LESIONS

Osteochondral lesions of the posterior ankle or hind-
foot must be differentiated from intraarticular soft
tissue impingement lesions. Schonholtz7 noted an
osteophyte of the posterior tibial lip. Hamilton (per-
sonal communication, 1986) referred to a large pos-
terior lip (spur) on the back of the talus that may
cause posteromedial impingement. These structures
are located intraarticularly. Arthroscopic surgery is
now the procedure of choice.

Symptomatic nonunions of the posterior facet (at-
tachment of the posterior talofibular ligament) can
occur. Posterolateral lesions, such as those involv-
ing the os trigonum or trigonal process (Steida’s
process), are intraarticular and may cause symptoms
in the hindfoot according to Parke.8 If not well seen
on routine radiography, they can be discovered by
the bone scan and are better demonstrated by CT
scans or MRI. These pathologic lesions are treated
via arthroscopy by “stacked” posterolateral ap-
proaches (i.e., posterolateral and posterolateral ac-
cessory portals). They are placed in a vertical man-
ner about 2.5–3.0 cm apart and immediately
adjacent to the lateral border of the Achilles tendon.

POSTTRAUMATIC AND 
DEGENERATIVE ARTHRITIS

Arthroscopic treatment of the arthritic ankle was ini-
tially considered worthless by one of us (J.F.G.). Ex-
perience with abrading arthritic knees generated
much initial enthusiasm, some overtreatment, and
later disappointment. It then became evident that
with proper selection some indications could be de-
veloped. Patients with arthritis of the ankle who
should be excluded from arthroscopic consideration
are those with advanced destruction, marked joint
line narrowing, extensive fibrosis, and a significant
degree of instability or deformity. Candidates for
arthroscopic surgery include patients presenting
with ankles having some limited motion due to 
capsulitis, a minimal to moderate degree of fi-
broarthrosis, osteophytes, chondral defects, loose
bodies, chondromalacia, early arthritis, or only min-
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FIGURE 7.37. Final video-arthroscopic view of the case
seen in Figures 7.34, 7.35, and 7.36. A rasp (A) is used
to smooth the remaining margin of the anterior tibia. B,
osteophyte.
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imal instability. Also to be considered when con-
templating arthroscopic treatment of degenerative
arthritis of the ankle are the degree of disability, al-
ternative forms of treatment, results of previous
treatment, type of job demand, and expected result.
Finally, a cooperative patient with a positive atti-
tude and reasonable expectations can be considered
a candidate for this type of surgery.

Results are sometimes highly favorable, whereas
at other times there is only limited improvement.
Partial recovery may be much appreciated and al-
low continued function and employment. The re-
sults may be further enhanced with the aid of anti-
inflammatory medications, aspirin, or other means
of keeping these patients comfortable. Overtreat-
ment for this condition should be carefully avoided.
It should also be remembered that the radiographic
picture of arthritis of the ankle does not always cor-
relate with the symptoms. Some patients with ad-
vanced findings on radiographs and long-standing
involvement are relatively asymptomatic. The ankle
is sometimes a forgiving joint, whereas at other
times, even with minimal involvement (especially
on radiography), it is not.

When selecting patients with ankle arthritis for
arthroscopic intervention, the above indications and
conditions should be kept in mind. Long-standing
symptoms, significant disability, and failure to re-
spond to conservative treatment are prime indica-
tions for arthroscopic treatment. The expected re-
sults should always be clearly outlined to the patient.

The pathologic components of the arthritic ankle,
as viewed from the arthroscopic standpoint, should
be considered separately for treatment and the total
picture assessed. These defects may be on any of the
surfaces described; they include chondromalacia, os-
teophytes, loose bodies, and chondral and osteo-
chondral defects. Treatment of all of the above has
been discussed previously. Also to be considered are
extensive chronic synovitis, synovial impingement
lesions (local or general), adhesions, fibroarthrosis,
and in some cases capsulitis. Initial débridement with
motorized equipment and lavage is required.

Ogilvie-Harris reviewed 27 patients who had
arthroscopic debridement for osteoarthritis of the an-
kle. The average age of the patients was 40 years,
and their preoperative duration of symptoms was 4

years. The average follow-up was 45 months. Alto-
gether, 20 patients were men, and 7 patients were
women. Radiographs for arthritis were graded 1 to 3.

Arthroscopic débridement of the ankle had lim-
ited success. Two-thirds of the patients exhibited
some improvement. It is clear that the goals of
arthroscopy are limited. Patients can be afforded
reasonable alleviation of their pain and improved
function that will probably last for years.9 The best
results were in the mildest cases, and the least ben-
efit was seen in severe cases.

CONCLUSIONS

Ankle arthroscopy has a great deal to offer patients
with osteochondral pathology. For many of these
entities, the results have lived up to our expecta-
tions, and the approach is rapidly becoming the stan-
dard of care. The results are limited, however, for
arthroscopic débridement of the osteoarthritic ankle.
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SECTION 2: Osteochondritis Dissecans

Osteochondritis dissecans is synonymous with os-
teochondral fracture of the dome of the talus. It is
referred to as a transchondral fracture, an intraar-
ticular fracture, or a flake fracture.

ETIOLOGY

In 1856 Alexander Munro1 first reported the pres-
ence of loose bodies in the ankle joint. Konig2 in
1888 classified loose bodies in other joints and sug-
gested spontaneous necrosis as their origin. He also
proposed the term osteochondritis dissecans to de-
scribe these lesions. Barth3 described the same le-
sion in 1898 and proposed it to be an intraarticular
fracture. Fisher4 in 1920 and Phemister5 in 1924
classified the many conditions that produced loose
bodies. Kappis6 in 1922 was the first to use the term
osteochondritis dissecans of the ankle joint. In 1932
Rendu7 described it as an intraarticular fracture of
the talus. Berndt and Harty8 reviewed the world lit-
erature in 1959 and presented their own theories.
They suggested that the term transchondral fracture
of the talus best described the etiology and pathol-
ogy of this lesion. O’Donoghue9 during the mid-
1960s also stated that these lesions were intraartic-
ular fractures.

Davidson et al10 thought that although O’Don-
oghue’s work referred primarily to the knee joint it
also applied to any discussions of the ankle joint. In
separate discussions Goldstone and Pisani11 and
Campbell and Ranawat12 indicated that there were
causes for osteochondritis dissecans of the ankle
other than trauma. Campbell and Ranawat pointed
out that bone infarction preceded these pathologic
fractures.

The predominant theory regarding etiology, how-
ever, still appeared to be trauma. Yvars13 in 1976
and Alexander and Lichtman14 in 1980 emphasized
that the usual etiology was trauma and the preferred
treatment was operative. In Canale and Balding’s15

1981 series 25 of 29 injuries were due to trauma.
Since the days of Berndt and Harty, trauma has been
considered the leading cause of osteochondritis dis-
secans or osteochondral fractures.

INCIDENCE

Osteochondritis dissecans of the talus comprises
about 4% of all cases of osteochondritis dissecans.

It occurs most commonly during the third decade.
McCullough and Venugopal16 reported an average
age of 27 years in their series. Males predominate
slightly in most series.

Medial dome lesions are more common than lat-
eral lesions in most series. Yao and Weis17 reported
56 lesions located on the medial aspect of the talar
dome compared to 34 of the lateral talar dome. A
review of several series found that the incidence of
bilateral lesions averaged about 10%. According to
Berndt and Harty,8 9 of 207 cases were bilateral.
Blom and Strijk18 reported that 2 of 16 were bilat-
eral in their study. Lindholm et al.19 stated that 3 
of 17 were bilateral. There were two central lesions
in Canale and Belding’s series of 29 talar dome 
lesions.

MECHANISM OF INJURY

According to Yao and Weis,17 lateral lesions are
caused by eversion of the foot with the ankle dor-
siflexed and the tibia internally rotated on the talus.
These lesions are almost always secondary to
trauma. The medial lesions are almost always sec-
ondary to trauma. The medial lesions are likely
caused by inversion of the foot with the ankle 
plantar-flexed. They may occur without any an-
tecedent trauma.

LOCATION

Lesions of the medial aspect of the dome of the talus
occur in the mid or posterior third. Osteochondral
fractures on the lateral side of the dome are in the
mid or anterior portion, with some exceptions. On
occasion they are centrally located on the talar
dome. Rarely, multiple lesions are seen (Fig. 7.38).

STRUCTURAL CHARACTERISTICS

Medial dome lesions are usually asymmetric,
whereas lateral dome lesions are symmetric. Also,
the medial lesions appear to be deep and cup-
shaped, and they usually remain in situ. Lateral le-
sions are more shallow. Medial lesions cause fewer
symptoms, heal spontaneously at times, and do not
lead to the development of arthritis according to
Canale and Belding.15 According to Roden et al.,20

lateral lesions rarely heal with conservative treat-
ment, cause more symptoms, and may lead to early
arthritic changes after open surgery.
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SYMPTOMATOLOGY

The presenting symptomatology in acute cases may
include pain, swelling, ecchymosis, and limited
range of motion. In chronic cases joint stiffness can
be found associated with a deep aching sensation
and crepitus. Swelling and joint-line tenderness can
also be elicited. Joint locking is highly unusual.

RADIOGRAPHIC AND 
IMAGING TECHNIQUES

Radiographic examination includes anteroposterior
(AP), lateral, and internal oblique views. Tomogra-
phy is helpful for better defining the lesion. This
particular investigation can be helpful for stage I and
II osteochondral lesions. Plain computed tomogra-
phy (CT) or axial CT following injection of contrast
material have been used successfully for diagnosing
osteochondral fractures of the talus. Coronal CT fol-
lowing double-contrast arthrography has been used

to study the stability of the osteochondral fragments.
The presence of contrast material between the os-
teochondral fragments and the talar bed demon-
strates the absence of any bony or fibrous union be-
tween the fragments and the talar dome. The
interpretation of coronal arthrotomography results
is easy, as the plane of the osteochondral separation
and the articular cartilage lining is at a right angle
to the plane of imaging. Bone scans can be helpful
for stage I lesions. Osteochondral fractures are
clearly demonstrated using surface coil magnetic
resonance imaging (MRI) (see Figs. 7.51 and 7.52,
below).

STAGING

Berndt and Harty8 staged lesions of the talar dome
according to their appearance at surgery. Stage I was
defined as a compression fracture without displace-
ment (intact). Stage II represented an incomplete
avulsion of the osteochondral fragment (early sep-
aration). Stage III was complete avulsion of an os-
teochondral fragment without displacement (de-
tached). Stage IV was a completely displaced
osteochondral fragment (displaced). Stage IV le-
sions may lie upside down in the crater or may be
completely separated from the lesion. This classifi-
cation applies to both medial and lateral lesions
(Figs. 7.39–7.42).

Berndt and Harty8 concluded in 1959 and Canale
and Belding15 agreed, that stage I and II medial or
lateral lesions, along with stage III medial lesions,
should be treated nonoperatively. Lateral stage III
and medial and lateral stage IV lesions should be
excised and the base of the lesion curetted. Blom
and Strijk18 found that stage II and stage III lesions
were not always distinguishable by radiographic
techniques. They also stated that the degree of in-
volvement of bone and cartilage can vary from frac-
ture of only the cartilage (i.e., chondral fracture) to
fracture of only the osseous part, which leaves the
articular cartilage intact (the latter was described by
Berndt and Harty as a transchondral fracture).

Both medial and lateral lesions predispose to the
formation of loose bodies. It occurs more so in the
latter.

Arthroscopy has added a new dimension to the
evaluation of ankle osteochondritis dissecans. The
arthroscopic examination is frequently at odds with
that predicted by radiographic evaluation. Although
arthrography combined with computed tomography
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FIGURE 7.38. Location of osteochondritis dissecans in
the medial and lateral aspects of the talar dome. (Cour-
tesy of G.R. Paul.)
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and magnetic resonance imaging techniques attempt
to determine the integrity of the articular cartilage,
the predictions are frequently found to be incorrect
at arthroscopic examination.
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FIGURE 7.39. Arthroscopic view of an intact lesion in a
young patient. There is slight bulging or elevation of the
lesion, which is magnified to some degree by the arthro-
scope. The entire border was intact, and there was no
break in the articular cartilage. The lesion was firm in its
bed when probed. Transmalleolar drilling in situ is the
treatment of choice, especially in young patients. A, in-
tact osteochondritis lesion; B, plafond; C, medial malleo-
lus. In older patients (15 years and up), if the bulging le-
sion is large, hard when probed, and causes incongruity
with joint motion, débridement, abrasion, and drilling
should be considered.

FIGURE 7.41. Arthroscopic view of a separated osteo-
chondritis lesion. A, Break in the cartilage is complete.
The fragment was easily lifted from its bed with a probe.
Reconstruction (excision, débridement, abrasion, drilling)
of the defect is the treatment of choice. Postoperatively,
early motion within a few days and weight-bearing were
employed at about 2 weeks with a good result. B, medial
malleolus; C, dome of talus.

FIGURE 7.40. Video-arthroscopic view of osteochondritis
dissecans of the medial dome of the talus, showing par-
tial separation. Note the break in the articular cartilage at
the border of the lesion where fibrous tissue protrudes.
When probed, this lesion appears to be slightly loose, in-
dicating early separation. The treatment in this case is
complete excision, débridement, abrasion, and drilling of
the base. Arrow, fibrous margin; A, plafond; B, medial
malleolus; C, separated osteochondritis lesion; D, dome
of talus.

FIGURE 7.42. Video-arthroscopic view of a reconstructed
crater (A) (osteochondral dissecans) in the medial dome
of the talus (B). Note the arthroscopic abrader (C) in the
top left corner.

MANAGEMENT OF OSTEOCHONDRITIS
DISSECANS OF THE TALUS

Osteochondral fractures of the talus can be treated
nonoperatively or surgically. The nonoperative ap-
proach consists of immobilization in a plaster cast.
The period of immobilization in the reported series
is 8–18 weeks. According to Canale, stage I and
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some stage II lesions, medial or lateral, can heal with
conservative treatment. Although stage III medial
lesions can heal by nonoperative means, stage III
lateral lesions often require surgical excision.

Several authors have advocated early surgery for
the treatment of osteochondral lesions of one talar
dome in active individuals. Surgical treatment has
been shown to yield good long-term results in some
reported cases. Many methods are available, such as
the use of large soft tissue incisions, grooving of the
distal tibia, and ostotomy of the medial malleolus.

ARTHROSCOPIC TECHNIQUES

The introduction of arthroscopy for the diagnosis
and treatment of osteochondritis dissecans and
dome fractures of the talus offers improved results.
Distraction (invasive or noninvasive) has added an-
other dimension to surgery performed for these le-
sions. Prior to ankle arthroscopy, the exact status of
the health of the articular cartilage could not always
be evaluated adequately. Now, however, utilizing
direct viewing and probing, the articular cartilage is
evaluated in a much more accurate fashion. Whereas
the radiographic images may have suggested that
the lesion was intact, direct observation often proves
otherwise. This added dimension affects the treat-
ment and prognosis.

Classification by arthroscopy should result in se-
lection of the most appropriate surgical procedure.
For example, intact lesions (as found on radiogra-
phy) have at times been seen to be separated at
arthroscopy, and lesions that appeared separated
were subsequently found to be intact. Furthermore,
intact lesions can now be treated in young patients
by arthroscopic drilling in addition to or instead of
immobilization alone.

With the use of arthroscopy and distraction, it has
often been noted that the articular cartilage is a lit-
tle soft or fibrillated and therefore invariably be-
comes loose with time. Areas of elevation or de-
pression are often observed. Fibrous tissue may be
noted protruding from the border of the lesion be-
tween the normal and abnormal articular cartilage.
If these changes are present, there is no reason to
try to save the cartilage or the separated osteochon-
dral fragments. This observation indicates the pres-
ence of fibrous tissue between the necrotic bone
fragment and underlying normal bone. These patho-
logic changes are irreversible, and healing in situ
cannot be expected. Treatment of these lesions

should include removing the loose cartilage or frag-
ments, and curretting, abrading, and drilling the base
to freshly bleeding bone (Figs. 7.43–7.47).

The goal of treatment is to obtain good, tough fi-
brocartilaginous tissue to fill the defect, which
yields good results. Should arthroscopic recon-
struction (excision, débridement, abrading, drilling)
not be done, it is likely that degenerative arthritis
will occur at an early age.

At the present time, arthroscopic surgery is the
rule. The status of the articular cartilage can be eval-
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FIGURE 7.43. Anteromedial view showing the 70-degree
oblique arthroscope (A) (posterolateral portal) in the top
left corner and a 0.062 inch Kirschner wire (B) through
the medial malleolus and into the crater (C) for drilling the
base. D, dome of the talus.

FIGURE 7.44. Arthroscopic view of the same crater as in
Figure 7.43 (A) through the 70 degree oblique arthroscope
inserted through the posterolateral portal. A, crater; b, drill
holes; C, dome of the talus.
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uated and the viability of the lesion determined to
decide whether the lesion can be left alone, drilled,
pinned, or excised. When the articular cartilage is
normal and the lesion is stable, drilling may be in-
dicated. When the articular cartilage lining is nor-
mal with an unstable lesion (presence of dermarca-

tion or fracture line) that has enough subchondral
bone, pinning or grafting (large lesion) may be per-
formed. If there is not enough subchondral bone, ex-
cision with drilling or abrasion is preferable.

When the articular cartilage lining is soft on pal-
pation or is fibrillated or degenerated, although the
lesion may be stable, excision is recommended fol-
lowed by drilling or abrasion. When the articular
cartilage is soft, fibrillated, or degenerated with an
unstable lesion, excision and curettage are recom-
mended followed by drilling or abrasion of the bed
of the lesion.
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FIGURE 7.45. Video-arthroscopic view of the same crater
(A) as in Figure 7.44. Note the medium-size (2.5 mm)
arthroscope (B) in the upper left corner (posterolateral
portal). Kirschner wire (C) is in the middle, and the probe
(D) is in the lower right corner. E, dome of talus.

FIGURE 7.46. Video-arthroscopic view through a
medium-size arthroscope (2.5 mm) from the posterolat-
eral approach. The probe (A) is shown lifting the poste-
rior surface of the crater, demonstrating an additional sig-
nificant amount of loose diseased cartilage (B) that was
not appreciated from the anterolateral approach.

FIGURE 7.47. View through the 2.3-mm arthroscope
(posterolateral probe) showing a curette (A) removing the
remaining loose cartilage. B, margin of deficit.

FIGURE 7.48. Video-arthroscopic view by way of the pos-
terolateral portal of drilling with a 0.062 inch wire by way
of the transmalleolar canal for intact lesion.
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Drilling, Débridement, Pinning, 
or Bone Grafting

Osteochondral lesions located laterally are usually
anterior and are easily accessible for arthroscopic
drilling or pinning (Figs. 7.48–7.60). Two portals
are required: one on the medial side for placing the
arthroscope and the other on the lateral side for in-

troducing the operating instrument. Kirschner wire
(0.062 inch) is used for the drilling to stimulate
revascularization. If the chondral fragment has un-
derlying bone, it can be reattached with absorbable
(biodegradable) pins or screws.

Because medial lesions are usually located on 
the posterior aspect of the ankle, they may be diffi-
cult to drill or pin using the anterior portals. The 
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FIGURE 7.49. Another view of the area shown in Figure
7.48.

FIGURE 7.50. Video-arthroscopic view via the transmal-
leolar portal showing multiple holes through intact carti-
lage.

FIGURE 7.51. Anteroposterior
magnetic resonance imaging
(MRI) scan shows a large central
osteocartilaginous defect of the
central talus, which was not seen
on routine films or tomograms in
both planes.
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FIGURE 7.52. MRI lateral view of
the defect seen in Fig. 7.51. The
articular cartilage was intact at
arthroscopy.

FIGURE 7.53. Anteroposterior
MRI scan at 2 months after
operation. The lesion was
drilled arthroscopically with
fine (0.062 inch) Kirschner
wires, using the transmalleo-
lar approach. The arthro-
scopic anterior cruciate liga-
ment guide was used for
accuracy during wire place-
ment.
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FIGURE 7.54. Lateral MRI scan
demonstrates healing.

FIGURE 7.55. Anteroposterior radiographic view showing
two 0.062 inch Kirschner wires drilling the lesion by the
transmalleolar approach.

FIGURE 7.56. Lateral radiographic view shows the wire
placement for transmalleolar drilling.
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FIGURE 7.57. Two parallel wires are used for drilling. The
ankle is flexed and extended. Although up to eight drill
holes can be made, in this case there were six.

FIGURE 7.58. Anteroposterior radiographic view shows
healing 2 months after drilling.

FIGURE 7.59. Arthroscopic view shows the detached le-
sion being lifted from its bed with a probe.

FIGURE 7.60. Arthroscopic view shows the procedure for
retrograde (distal to proximal) drilling of the osteochon-
dral defect with a 0.062 inch Kirschner wire. The proce-
dure was performed with noninvasive distraction in this
woman with relatively lax ligaments. The Kirschner wire
was redirected slightly to place multiple drill holes into the
lesion from the same starting point.

transmalleolar portal can be used with noninvasive 
distraction (Guhl noninvasive distraction; Smith/
Nephew–Acufex). A drill guide (Ferkel guide) is
recommended to facilitate drilling on the lesion. If
bone grafting is contemplated, the technique re-
quires a tunnel in the medial malleolus.

However, concerns exist regarding the use of this
approach. The hole made in the malleolus represents
a potential area of stress concentration and theoret-
ically increases the risk of postoperative fracture, al-
though this has not been a problem clinically. Plac-
ing a 4- to 5-mm hole through the articular surfaces
of the talus and the tibia may contribute to the de-
velopment of later degenerative changes in the an-
kle joint. Finally, scar tissue or adhesions may form
in the area between the osteochondritis dissecans 

4530_e07_p115-148  11/7/03  11:33 AM  Page 140



lesion and the medial malleolar drill hole, which are
in close proximity to each other. This complication
did occur in the patient whose postoperative pain
was relieved by arthroscopic resection of the adhe-
sive band.

These potential complications have spurred the
development of a new technique for drilling and

bone grafting posteromedial osteochondritis disse-
cans lesions of the talar dome. Guhl and James W.
Stone developed the technique that employs retro-
grade drilling of the lesion through the talus (Figs.
7.61–7.69). This approach avoids the potential com-
plications involved with a transmalleolar approach.
A guide pin is placed percutaneously in the sinus
tarsi such that it enters the talus in its nonarticular
portion just anterior to the insertion of the anterior
talofibular ligament. This location is distal to the ar-
ticular surface of the lateral aspect of the talus. The
pin is angled in the direction of the posteromedial
dome of the talus. Use of an anterior cruciate liga-
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FIGURE 7.61. Cadaver dissection specimen identifies the
starting point for the retrograde drilling procedure. Two
guide pins were placed percutaneously under arthro-
scopic control for a simulated lesion of the posteromedial
dome of the talus in the cadaver specimen. The pins pass
through the sinus tarsi and enter the talus in its nonartic-
ular portion distal to the articular surface of the dome of
the talus and anterior to the articular surface of the lat-
eral side of the talus. The entry point is anterior to the in-
sertion of the anterior talofibular ligament.

FIGURE 7.62. Lateral radiograph of the ankle seen in Fig-
ure 7.61 with two guide pins in place. (The two lower pins
were placed in the subtalar joint.)

FIGURE 7.63. Anteroposterior radiograph of the ankle
seen in Figures 7.61 and 7.62 demonstrates placement
of the two pins into the posteromedial talar dome lesion.

FIGURE 7.64. One of the guide pins shown in Figure 7.63
was overdrilled with a 5-mm cannulated reamer, after
which the talus was disarticulated from the specimen and
split in half along the path of the reamer. The path of the
reamer passes through the middle of the talus and there-
fore is unlikely to compromise the support of the articular
cartilage of the talar dome.
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ment reconstruction guide or the small ankle guide
designed by Ferkel can facilitate placement of this
pin. Cadaver studies have shown that pin placement
in this area does not damage the articular surface,
nor does it significantly undermine or weaken sup-
port of the talar dome. The pin can be repositioned
to place multiple drill holes in an area that has been
débrided.

The technique can also be used to bone-graft an
intact posteromedial osteochondritis dissecans le-
sion without traversing the medial malleolus or pen-
etrating the overlying articular cartilage. The guide
pin is overdrilled with a 4- to 5-mm cannulated drill

under direct arthroscopic visualization. The pin is
advanced to, but not through, the articular cartilage.
Care is taken to avoid injury to the articular surface.
The drilling can be motivated intraoperatively us-
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FIGURE 7.65. Video-arthroscopic view of the lesion seen
in Figure 7.64. The lesion appeared intact on radiography
but was not intact at arthroscopy because the articular
cartilage over the lesion had a different texture and color.
The lesion was easily lifted with a needle. A, separated
osteochondritis lesion; B, dome of the talus; C, tip of the
hypodermic needle.

FIGURE 7.66. Postoperative arthroscopic view of the pa-
tient shown in Figure 7.65 shows a lesion in the right an-
kle after drilling.

FIGURE 7.67. Anteroposterior radiographic view of an in-
tact lesion of the medial talus.

FIGURE 7.68. Video-arthroscopic view shows the probe
lifting off the diseased articular cartilage at the site of the
lesion. A, probe; B, flap of cartilage; C, base of the lesion.
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ing image intensification. After drilling the hole so
it is 4–5 mm in diameter, a bone graft is packed into
the hole. Early postoperative motion is instituted,
but weight-bearing is limited for approximately 6
weeks.

Excising Posteromedial Lesions of the 
Talus With Distraction

Technique

General or spinal anesthesia is used to sedate the
patient for excising a posteromedial lesion of the
talus with distraction. The patient is then placed in
a supine position, with the ipsilateral buttock ele-
vated on a folded sheet. The leg is immobilized in
a leg holder and the ankle placed on a well padded
box or a rolled sheet. A tourniquet is placed on the
thigh but is usually not inflated. After localizing the
two branches of the superficial peroneal nerve, an-
terolateral and anteromedial portals are placed. A
standard 4 mm, 30 degree angled arthroscope is used
as well as a 70 degree arthroscope for visualizing a
posteriorly placed lesion. The small instrumentation
set is necessary and consists of a small probe, small
cutting instruments, basket forceps scissors, grasp-
ing forceps, and small motorized instruments. The
use of a disposable cannula system with a side port
that allows inflow or outflow of saline eliminates
the need for an accessory portal and also prevents
soft tissue damage by constantly inserting and re-
moving the surgical instruments. After localizing

the lesion, a partial synovectomy is performed to
improve visualization. A small flat-ended probe is
used to palpate the lesion, which is scooped out with
a small, curved knife and displaced into the anterior
compartment where it can be excised with a grasp-
ing forceps. Curettage and drilling or abrasion com-
plete the procedure (see Postoperative Care). The
procedure is outlined in Figures 7.70–7.86.

Postoperative Care

Patients with reconstructed lesions (excision, débride-
ment, abrasion, drilling) should institute early mo-
tion postoperatively and begin weight-bearing as tol-
erated. Participation in sports should be withheld until
the lesion is judged completely healed and the tissue
is mature. Patients with extensive, shallow lesions of
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FIGURE 7.69. Arthroscopic view after reconstruction
shows bleeding following release of the tourniquet, which
is important for confirming that there was sufficient abra-
sion and drilling. A, fresh bleeding; B, plafond; C, recon-
structed crater; D, dome of the talus.

FIGURE 7.70. Anteroposterior radiograph with a large le-
sion of the right ankle. This 37-year-old man had osteo-
chondritis dissecans treated by arthrotomy and curettage
3 years before being seen by one of the authors (J.F.G.).
A large loose body was removed at that time. According
to the operative report, drilling was not done. The patient
continued to have symptoms.
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the talus (more than 1.5 cm in diameter) should be-
gin early motion but maintain non-weight-bearing fol-
lowing reconstruction and drilling for approximately
8–10 weeks. Return to heavy work or any demand-
ing activity should be slow, according to the individ-
ual case. Rehabilitation may require several months
to more than 1 year.

In young patients intact lesions that have been
drilled should be kept non-weight-bearing with ac-
tive motion for about 8–10 weeks. Return to sports
is best judged independently by clinical criteria, ir-
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FIGURE 7.71. Tomogram shows a lesion much larger and
more extensive than it appears on radiography. 

FIGURE 7.72. Same lesion as
in Figure 7.71 demonstrated
by a computed tomography
(CT) scan. This technique is
reported to be superior to the
tomogram for showing the lo-
cation and extent of the lesion
for preoperative planning.

FIGURE 7.73. Arthroscopic view shows the poor quality
of fibrocartilage that filled in the defect. A flap of tissue
(A) was easily lifted from this lesion with a probe. B, me-
dial malleolus; (C) dome of the talus.
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FIGURE 7.74. Arthroscopic view after excision. Note that
drilling was also done in the posterior direction to get at
that portion of the lesion (A) underlying good bone and
articular cartilage.

FIGURE 7.75. Arthroscopic view shows another lesion of
the medial talar dome that appears intact. The diseased
articular cartilage is outlined and is white after injection of
the methylene blue dye. A, osteochondritis lesion; B, me-
dial malleolus.

FIGURE 7.76. Arthroscopic view of the same lesion as in
Fig. 7.75 after reconstruction. A, drill holes; B, lesion.

FIGURE 7.77. Arthroscopic video shows the drill tip cre-
ating an adequate channel for instrumentation in a lesion
located far posteriorly. Several graduated drill sizes can
be used (or a cannulated reamer as an alternate method).
A, drill; B, transmalleolar canal; C, dome of the talus.

FIGURE 7.79. Same arthroscopic video view as in Figure
7.78. Note the 2.5-mm arthroscope (A) protruding through
the canal. B, margin of canal; C, dome of the talus.

FIGURE 7.78. Arthroscopic view shows the abrader for
preparing the base and trimming the margin of the lesion.
A, channel through medial malleolus; B, abrader; C, de-
fect; D, dome of the talus.
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respective of the radiographic findings. It is best to
wait until the extremity has been fully rehabilitated.

Patients who have received bone grafts should be
immobilized 6–8 weeks until the graft is adequately
incorporated. Weight-bearing is withheld until heal-
ing is complete clinically, radiographically, or both.
Bone scans are of no practical value for following
the progression of healing after surgery because the
radiographic uptake remains pronounced.

Results and Conclusions

At the present time, open treatment for transchon-
dral fractures of the talus is obsolete in most in-
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FIGURE 7.80. Same arthroscopic video view as in Fig-
ures 7.78 and 7.79. The light cable is now changed to the
small arthroscope. A, canal; B, arthroscope; C, defect; D,
dome of the talus.

FIGURE 7.81. Same lesion as in Figures 7.78–7.80
through a 2.5-mm arthroscope by way of the transmalle-
olar channel. A, drill holes; B, base of lesion.

FIGURE 7.82. Anteroposterior radiograph of separated le-
sion of osteochondritis dissecans; separated, in a 16-
year-old girl.

FIGURE 7.83. Arthroscopic view (Polaroid) of the probe
used to evaluate a separated osteochondritis dissecans
lesion.

stances. Since the advent of arthroscopy, closed
treatment is the rule in the hands of an experienced
arthroscopist and has been associated with a more
rapid recovery period, less morbidity, and increased
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of the excision have been present radiographically
with no evidence of joint space narrowing. Guhl29

and Ferkel and Fischer26 emphasized the use of the
noninvasive distractor to facilitate débridement.
They also advocated the use of a posterolateral por-
tal. Ewing25 has successfully used a purely nonin-
vasive distraction technique in the management of
osteochondritis dissecans of the talus. Kelberine and
Frank,30 reporting 48 ankle arthroscopies performed
to treat osteochondral fracture of the talus, used the
posterolateral portal once and the distractor in 11
cases to gain access to the posteromedial lesion. No
patient in their series developed complications from
the use of the distractor. In the Parisien series,36

arthroscopic management of osteochondritis disse-
cans/transchondral fractures of the talus (even when
they were located posteromedially or posterolater-
ally) was performed successfully in 92 patients with
only 2 anterior portals and no mechanical distrac-
tion. This technique was facilitated by the avail-
ability of small surgical instruments and the use of
a 70-degree arthroscope.
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FIGURE 7.84. Biodegradable pins and driver.

FIGURE 7.86. Arthroscopic view (Polaroid) shows two
holes in the lesion where biodegradable pins were placed
and properly countersunk.

FIGURE 7.85. Arthroscopic view (Polaroid) of biodegrad-
able pin in place.

acceptance by the patient. Various reports are avail-
able in the literature with some short follow-up pe-
riods and a few long follow-up periods.21–39

No deterioration of the results has been observed
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chapter 8

Fracture Problems

Michael D. Feldman

The incidence of osteochondral injury due to ankle
sprains has been reported to be 6.5% and could be
as high as 50%.1 The incidence of osteochondral in-
juries in patients with an acute ankle fracture re-
quiring fixation is approximately 75%.2,3 Although
the long-term results of operative and nonoperative
ankle fractures is generally good, there are some pa-
tients who have persistent symptoms despite mini-
mal findings on the physical examination and unre-
markable radiographs. Quite possibly these patients
have unidentified intraarticular pathology caused by
the initial injury that was not treated. Arthroscopic
evaluation is helpful for identifying and treating
these problems in patients who remain symptomatic
and in those for whom the likelihood of intraartic-
ular damage is high. The treatment of fracture prob-
lems can be divided into two categories: treatment
of acute fractures and treatment of chronic fractures
and postfracture pathology.

ACUTE FRACTURES

Indications

The indications for arthroscopy of acute ankle frac-
tures include displaced intraarticular fractures and
extraarticular ankle fractures that can be expected
to cause significant intraarticular pathology. In-
traarticular fractures, such as medial malleolar, pos-
terior malleolar, tillaux, triplane, and mildly com-
minuted tibial plafond fractures, and amenable to
arthroscopic or arthroscopy-assisted reduction and
internal fixation. In addition to visualizing the in-

traarticular fracture lines seen on preoperative radio-
graphs adequately, it is not uncommon to see addi-
tional fracture lines or osteochondral fragments at
arthroscopy. It has also been reported that impaction
injuries (usually to the lateral tibial plafond) are as-
sociated with bimalleolar, trimalleolar, and fracture-
dislocations of the ankle.4 Unless specifically
looked for during open or arthroscopic surgery,
these lesions are frequently missed.

Displaced fractures of the fibula, especially those
at the level of the distal tibiofibular syndesmosis,
have been reported to cause intraarticular pathol-
ogy.5 Chondral fractures of the lateral talus or a ver-
tical fracture of the anterior border of the distal
fibula (Wagstaffe’s fracture6) can be the source of
a chronic posttraumatic impingement lesion if left
untreated. Finally, even though there is no intraar-
ticular fracture line present on the preoperative ra-
diographs, ankle fractures that displace the mortise
(Fig. 8.1), such as deltoid substitution supination ex-
ternal rotation (SER IV D) and deltoid substitution
pronation external rotation (PER IV D) fractures, or
fractures that disrupt the syndesmosis, such as
pronation abduction (PA II) fractures, typically
cause intraarticular damage and should be consid-
ered for arthroscopy at the time of internal fixation.

Contraindications

Absolute contraindications to arthroscopy of acute
ankle fractures are neurovascular injury and severe
edema or swelling that precludes palpation of
anatomic landmarks. Relative contraindications in-
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clude some fracture-dislocations that cause signifi-
cant distortion of ankle anatomy. Additionally, com-
plications secondary to severe localized soft tissue
swelling due to fluid extravasation is possible in
these cases. Some would also say that open frac-
tures are a relative contraindication to arthroscopy,
although in grade I and selected grade II open frac-
tures arthroscopy may provide better irrigation and
débridement while minimizing further soft tissue
trauma than do conventional open techniques.

Surgical Technique

Thoughtful preoperative planning is essential to op-
timize the postoperative outcome. Anteroposterior
(AP), lateral, and mortise radiographs of the ankle
should be obtained and studied prior to surgery.
Some fractures, such as tibial plafond and triplane
fractures, may also require preoperative tomograms
or computed tomography (CT) scans for better def-
inition of the fracture configuration. Potential loca-
tions of hardware (interfragmentary screws, plates)
and proposed incisions should be identified.

Under adequate anesthesia, the patient is placed
supine on the operating room table. A tourniquet is
placed high on the thigh, the operative extremity
placed in a knee arthroscopy leg holder, and the foot
of the table dropped. After the extremity is appro-
priately prepared and draped and the anatomic land-
marks and proposed incisions are marked, the
tourniquet is inflated. A sterile Mayo stand is placed
nearby to support the foot when the lower extrem-
ity is not in a dependent position. A mini C-arm is
also draped sterile for use.

Ankle distraction is helpful in most cases to im-
prove arthroscopic visualization and provide liga-
mentotaxis, which may aid in fracture reduction.
Manual (noninvasive) distraction is usually ade-
quate; invasive distractors are not recommended.
However, if the fracture configuration dictates post-
operative external fixation, the fixator may be
placed prior to arthroscopy and used as an invasive
distractor. It may be particularly useful for selected
trial plafond fractures.

Because of the risk of excessive soft tissue
swelling secondary to fluid extravasation, gravity
inflow rather than pump inflow is used during
arthroscopy of acute fractures. Ankle arthroscopy
can be performed with a 2.7- or 4.0-mm 30 degree
arthroscope. I prefer the 4.0 mm arthroscope as it
affords better gravity inflow through the arthro-
scopic cannula. Additionally, because soft tissue re-
straints are frequently disrupted in acute fractures,
visualization of all intraarticular structures with a
4.0 mm arthroscope is usually accomplished with-
out difficulty. If visualization is inadequate with a
4.0 mm arthroscope, a 2.7 mm arthroscope is ac-
ceptable, but the posterolateral portal is frequently
required for inflow.

Anteromedial and anterolateral portals are rou-
tinely used; the posterolateral portal is used to en-
hance visualization of the posterior aspect of the an-
kle joint or to provide supplemental inflow. The
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FIGURE 8.1. A: Anteroposterior (AP) radiograph of an
acute supination-external rotation ankle fracture. The
talus is displaced laterally out of the mortise. Note that
the fibula fracture exits above the level of the syndesmo-
sis. These fractures commonly have intraarticular pathol-
ogy even though no fracture line extends into the ankle
joint. The arrow points to two loose bodies that were re-
lated to a previous injury but were easily removed arthro-
scopically at the time of surgery. B: Arthroscopic view of
the same fracture showing an impaction injury to the me-
dial tibial plafond.
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anteromedial portal is usually established first.
Upon entering the ankle joint, visualization may be
difficult because of hemoarthrosis and fibrinous de-
bris. A double-port arthroscopic cannula is useful at
this point as it allows both inflow and outflow,
which aids in irrigating the joint. The anterolateral
portal is now created under direct visualization and
a 3.5 mm full radius shaver is inserted to remove
the remaining hematoma and fibrinous debris from
the joint. If visualization is still unsatisfactory at this
point, inflow is placed through the posterolateral
portal.

A thorough arthroscopic examination is per-
formed utilizing all portals for visualization. Artic-
ular surfaces are evaluated for chondral defects (Fig.
8.2) and fracture lines; recesses are checked for
loose osteochondral fragments (Fig. 8.3); and liga-
mentous structures such as the deltoid ligament and
the syndesmosis are evaluated for disruption (Fig.
8.4). In some instances the joint capsule is torn, and
this is documented as well. After determining the
intraarticular pathology, loose fragments are re-
moved, chondral lesions are débrided to a stable rim,
and standard treatment of the fracture is undertaken.

When intraarticular fracture fragments are pres-
ent, a determination is made whether to fix or ex-
cise the fragments. Fragments that have healthy ar-
ticular cartilage with adequate subchondral bone
should be repaired; conversely, fragments with com-
minuted or damaged cartilage and little attached
bone should be excised. Fracture reduction can be
performed with a probe, grasper, or reduction tenac-
ulum (Fig. 8.5). Once acceptable reduction is ob-
tained, provisional reduction is maintained with
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FIGURE 8.2. Arthroscopic view of an acute chondral de-
fect in the anteromedial talus resulting from tibiotalar im-
paction in a displaced ankle fracture.

A

B

FIGURE 8.4. Intraarticular view of an acute injury to the
syndesmosis of a right ankle viewed through the antero-
medial portal. A: Normal syndesmosis. B: Injured syn-
desmosis with acute hemorrhage and widening of the dis-
tal tibiofibular joint.

FIGURE 8.3. Untreated pathology, such as this osteo-
chondral fragment arising from the intraarticular extension
of a fibular fracture, may lead to persistent postoperative
symptoms. Once identified, the fragment was easily re-
moved arthroscopically with a grasper.
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0.045 inch Kirschner wires placed perpendicular to
the fracture line, if possible. The mini C-arm is now
used to confirm the reduction, and final fixation is
performed using cannulated screws, headless
screws, or absorbable pins, depending on the frac-
ture configuration.

Certain fracture patterns, such as those involving
the tibial plafond, talar neck, or fibula, may require
both an arthroscopic and an open approach. In these
cases, the intraarticular fracture fragments are re-
constructed first using the arthroscope to aid in re-
duction of the articular surface. Once the articular
surface has been satisfactorily aligned, the extraar-
ticular fracture fragments are reduced using con-
ventional open techniques. Limited incisions, liga-
mentotaxis, and other indirect reduction maneuvers
are helpful at this point to minimize further soft tis-
sue injury. Even if the intraarticular fractures can-
not be reduced arthroscopically, the arthroscope

may still be used in a dry fashion to aid in visual-
ization. This is particularly useful when evaluat-
ing posterior fracture lines in comminuted plafond
fractures.

After fracture fixation has been performed,
arthroscopic visualization is used to confirm satis-
factory articular congruency, and fluoroscopy is
used to confirm acceptable placement of the hard-
ware (Fig. 8.6). Generally, fracture fixation should
be as rigid as possible to allow early range of mo-
tion. Finally, incisions are closed, and a bulky dress-
ing incorporating a posterior splint placing the an-
kle in neutral dorsiflexion is applied. At 7 days after
operation the incisions are inspected, and range of
motion exercises are begun. Weight-bearing status
is dictated by the fracture pattern and rigidity of fix-
ation and is individualized for each patient.

Potential Pitfalls and Complications

Pitfalls and complications can be subdivided into
two categories: those related to ankle arthroscopy in
general and those related specifically to arthroscopy
of acute fractures. Examples of the former include
neurovascular damage during portal placement, iat-
rogenic articular injury due to scuffing, and post-
operative sinus or fistula formation at the portal
sites. Most of these complications can be prevented
with careful attention to anatomy and the principles
of portal placement, as discussed in Chapter 2.

Because arthroscopy of acute fractures involves
working on an acutely traumatized joint, the poten-
tial for complications is high. Soft tissue swelling
may distort and disguise anatomic landmarks, mak-
ing portal placement difficult. An 18-gauge spinal
needle with or without fluoroscopy can be extremely
helpful for locating proper portal position. In
arthroscopy-assisted reductions, proposed incisions
occasionally fall over portal sites. In these cases, the
incision is made first to protect neurovascular struc-
tures and to locate the capsule prior to creating the
portal.

Fluid inflow and outflow must also be monitored
closely during arthroscopy of acute fractures. Al-
though an arthroscopic pump is commonly used for
ankle arthroscopy, it is not recommended for
arthroscopy of acute fractures as the capsule can be
torn, leading to significant fluid extravasation.
Maintaining high flow and low pressure during the
surgery avoids potential complications due to ex-
cessive soft tissue swelling, such as compartment
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FIGURE 8.5. Use of a small periosteal elevator to aid in
reduction of the articular surface. A: Before reduction. 
B: After reduction.
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syndrome and vascular compromise. A posterolat-
eral portal is occasionally used to increase inflow,
thereby improving arthroscopic visualization.

Inadequate reduction or inadequate fixation are

two potential pitfalls that deserve special attention.
Although arthroscopy of acute fractures aids in vi-
sualization of the fracture lines, it is still a techni-
cally demanding procedure to reduce the fragments
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FIGURE 8.6. Arthroscopic reduction of a distal tibial triplane fracture. A: Preoperative AP radiograph. B: Preoperative
coronal computed tomography (CT) scan showing displacement of the articular surface. C: Intraarticular view after re-
duction. D: Postoperative AP radiograph.
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through limited incisions or indirect reduction tech-
niques. More demanding still is the ability to pro-
vide rigid fixation through these limited incisions.
In cases where the reduction or fixation is tenuous,
it is better to revert to conventional open techniques
so the principles of fracture treatment (i.e., anatomic
reduction and rigid fixation) are maintained.

The incidence of postoperative wound complica-
tions is slightly higher with arthroscopic treatment
of acute ankle fractures than with ankle arthroscopy
in general owing to the traumatized soft tissue en-
velope and prolonged surgical time. Fracture blis-
ters denote significant soft tissue injury, and surgery
should be delayed until they resolve. Superficial and
deep infections can be prevented by administering
preoperative antibiotics, handling the skin and soft
tissues gently, and monitoring closely for soft tis-
sue swelling. Fistulas and sinus tracts may be pre-
vented by suturing the portals and incisions closed.
Finally, skin necrosis or breakdown can be mini-
mized by placing portals and incisions in appropri-
ate locations so instruments do not put excessive
tension on the skin.

Results

Until recently, there has been little mention in the
literature of arthroscopy of acute ankle fractures.
Most reports were limited to a few cases in larger
studies covering all indications of ankle arthros-
copy, and recommendations were based on anec-
dotal experience. As more surgeons are now per-
forming ankle arthroscopy for acute fractures, the
results and technical tips are becoming more mean-
ingful.

Whipple et al. reported two cases of arthroscopic
reduction and internal fixation of triplane fractures
using Steinmann pin fixation.7 They recommended
using a 2.7 mm arthroscope to decrease articular
scuffing. Follow-up at 6 months after operation re-
vealed that the fractures healed with full range of
motion and without leg length discrepancy, angula-
tion, or malalignment. The point of their article was
that the “fundamental tenet of intraarticular fracture
treatment is anatomic reduction of the articular 
surface.”7

Saltzman et al. reported a case of arthroscopy-
assisted open reduction and internal fixation of a
displaced talar fracture. Their approach combined
the advantages of both open and closed techniques:
mainly the ability “to remove osteochondral frag-

ments from the ankle and subtalar joints, to directly
reduce the fracture, and to assess flexion stability,
while causing minimal disruption of talar blood sup-
ply.”8 Technical pearls included positioning similar
to that used for knee arthroscopy with the foot dan-
gling, applying a temporary tibiocalcaneal small
wire external fixator for distraction, and placing two
small cannulated screws from posterior to anterior
through an incision just lateral to the Achilles ten-
don. In the case of proximal neck or body fractures
or body fractures with a large posteromedial frag-
ment, they recommended placing the screws from
anterior to posterior. Finally, they noted that using
the arthroscopy-assisted technique would be “par-
ticularly helpful in cases with massive soft tissue
swelling causing increased risk of developing
wound problems” compared with traditional open
techniques.

In 1994 Holt presented one of the first series of
patients treated by arthroscopy-assisted reduction
and internal fixation for acute ankle fractures.9 He
treated 14 fractures, four of which were trimalleo-
lar fractures and 10 were minimally comminuted
tibial plafond fractures. Technical recommendations
included using a large uterine tenaculum for provi-
sional fixation, extending the fibular incision pos-
terior to the peroneal tendons, and mobilizing the
peroneus brevis both anteriorly and posteriorly to
allow palpation of the posterior lip fragment and free
passage of reduction instruments. He also advocated
reducing the posterior lip fragment with cannulated
screws prior to fixing the fibula fracture. Postoper-
ative evaluation of the four trimalleolar fractures at
15 months revealed that all fractures had healed
without arthrosis. Range of motion was within 5 de-
grees of the uninjured ankle in three patients and
lacked 10 degrees of dorsiflexion and plantar flex-
ion in one patient. One patient was also noted to
have transient neuropraxia of the deep peroneal
nerve secondary to screw placement.

In addition to aiding fracture reduction and fixa-
tion, arthroscopy of acute fractures is valuable for
identifying and treating intraarticular pathology
caused at the time of injury. Prior to arthroscopy,
the true incidence of occult intraarticular lesions due
to acute ankle fractures was unknown. Ferkel and
Orwin presented the largest series to date, consist-
ing of 33 patients.3 Osteochondral lesions were
identified in 26 of 33 cases (79%); 9 lesions were
found on the tibia, 16 on the talus, and 1 on the
fibula. Of the talar lesions, 13 were located medi-
ally and 3 laterally. Loose bodies were present in
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18 of 33 cases (55%). Unfortunately, fracture clas-
sification was not discussed in their series, which
could have been helpful for predicting which frac-
tures were likely to have intraarticular involvement.

It stands to reason that if a fracture line extends
into the articular surface on preoperative radio-
graphs intraarticular damage will be noted at the
time of arthroscopy. However, what about fracture
patterns that have forces that pass through the 
joint but do not have an intraarticular fracture line
present? Such examples are deltoid substitution
supination-external rotation and pronation-external
rotation injuries (Lauge-Hansen classification).10

With these displaced extraarticular fractures the
fracture forces start at the fibula fracture, travel
down the syndesmosis through the ankle joint, and
exit through the deltoid ligament rupture. Are the
fracture forces significant enough to cause intraar-
ticular damage even in the absence of an intraartic-
ular fracture line?

In a personal review of ankle fractures treated
during 1989–1996, a group of 15 were classified as
displaced extraarticular fractures: 14 supination-
external rotation injuries and 1 pronation-external
rotation injury.2 Although type II pronation-abduction
injuries also satisfy this criterion, none was treated
during this time. At the time of arthroscopy, 11 of
the 15 patients (73%) were noted to have intraar-
ticular damage not predicted by the preoperative ra-
diographs. Seven patients (47%) had talar lesions,
four (27%) had tibial lesions, and four (27%) had
extension of the fibular fracture into the ankle joint.
Five patients (33%) had combined lesions. Three
patients (20%) were noted to have the deltoid liga-
ment infolded into the medial gutter. Free osteo-
chondral fragments were seen in two patients (13%).

Tourniquet time for the entire operation averaged
89 minutes (range 39–170 minutes), and no com-
plications were directly or indirectly related to the
arthroscopy.

The results of the previous two studies are re-
markably similar (Table 8.1). The percentages of pa-
tients with intraarticular pathology, talar lesions,
and tibial lesions were almost identical. The differ-
ences regarding the presence of loose bodies and
fibular lesions are most likely explained by the dif-
ference in fracture patterns. In Ferkel and Orwin’s
study, intraarticular fracture lines were probably re-
sponsible for the development of small osteochon-
dral fragments that broke off and became loose bod-
ies.3 The increased percentage of fibular lesions
identified in my review was due to the increased
number of fractures where the fracture forces ex-
tended through the fibula instead of the syndesmo-
sis and into the joint. In both studies, though, the
results demonstrate an extraordinarily high inci-
dence of intraarticular pathology that would other-
wise not be expected.

In summary, arthroscopy of acute ankle fractures
is gaining acceptance as a valuable tool for identi-
fying, treating, and preventing intraarticular pathol-
ogy. Arthroscopy allows minimally invasive surgi-
cal exposures while providing superior visualization
of fracture fragments. Although technically de-
manding, decreased soft tissue dissection and im-
proved articular reductions should minimize post-
operative complications. Thorough arthroscopic
débridement of organized hematoma and fibrinous
tissue from the joint may also decrease postopera-
tive adhesions and improve ankle range of motion.
Identification of intraarticular pathology may be
valuable in providing a more accurate prognosis re-
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TABLE 8.1. Arthroscopic findings of acute ankle fractures

Parameter Ferkel 3 Feldman 2

No. of fractures 33 15
Fracture pattern N/A 14 SER/1 PER
Tourniquet time (avg.) 81 min 89 min
Intraarticular lesions 26 (79%) 11 (73%)
Talar lesions 16 (48%) 7 (47%)
Tibial lesions 9 (27%) 4 (27%)
Fibular lesions 1 (3%) 4 (27%)
Loose bodies 18 (55%) 2 (13%)
Infolded deltoid ligament N/A 3 (20%)
Arthroscopic complications N/A 0

SER, type IV supination-external rotation deltoid substitution; PER, type IV pronation-external rotation deltoid substitu-
tion; N/A, not available.
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garding the outcome of these fractures. In the case
of displaced extraarticular ankle fractures, arthro-
scopic examination at the time of open reduction
and internal fixation allows the diagnosis and treat-
ment of otherwise unrecognized intraarticular
pathology, which may decrease early postoperative
complications and improve long-term results. With
many potential benefits and minimally increased
risks, arthroscopy of acute ankle fractures should be
seriously considered in operative cases.

CHRONIC FRACTURES AND 
POSTFRACTURE PATHOLOGY

Indications

Chronic fractures are defined as those that have been
present more than 3 months since the time of injury.
Postfracture pathology includes nonunions, syn-
desmosis disruptions, medial or lateral talomalleo-
lar diastases, intraarticular loose bodies, and reduc-
tion incongruities causing impingement or early
degenerative changes (Fig. 8.7). The main indica-
tion for arthroscopy of chronic ankle fractures and
postfracture pathology is persistent pain unrespon-
sive to conservative measures, such as immobiliza-

tion, bracing, or physical therapy. Resultant liga-
mentous instability and posttraumatic arthritis re-
quiring fusion are also indications for arthroscopy;
these subjects are discussed in Chapters 9 and 10.

Contraindications

The absolute contraindications to arthroscopy of
chronic fractures and postfracture pathology are
bony ankylosis and acute infection of the tibiotalar
joint. Relative contraindications include previous
septic arthritis, vascular insufficiency, extensive
arthrofibrosis, and severe joint destruction or nar-
rowing that may make entering the joint difficult.

Surgical Treatment

Arthroscopy of chronic fractures and postfracture
pathology is generally more difficult than arthros-
copy of acute fractures because of the presence of
multiple adhesions and a contracted joint space.
Even with distraction, entering the tibiotalar joint
can be difficult. Initial visualization is also usually
compromised because of abundant scar tissue in the
anterior aspect of the joint. Adherence to sound
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FIGURE 8.7. Common areas of postfracture
pathology.
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arthroscopic principles is mandatory to avoid iatro-
genic neurovascular injury or scuffing on the artic-
ular surface.

Positioning for arthroscopy of chronic fractures
and fracture defects is similar to arthroscopy of
acute fractures. After adequate anesthesia has been
administered, the patient is placed supine on the op-
erating room table and the ankle is examined. Pas-
sive range of motion, ligamentous stability, and neu-
rovascular status are documented. A tourniquet is
placed on the thigh, and the operative extremity is
placed in a knee arthroscopy leg holder with the foot
of the table dropped. After preparing the area and
draping it, anatomic landmarks are located. Specif-
ically, the anterior tibial artery, the course of the su-
perficial peroneal nerve, and the tibialis anterior, ex-
tensor hallucis longus, and extensor digitorum
communis are identified and marked on the skin
with a marking pen. Knowledge of the position of
these anatomic structures is paramount prior to
arthroscopy to minimize the risk of injury dur-
ing débridement of the anterior scar tissue that is
usually present. The lower extremity is exsan-
guinated and the tourniquet inflated. If an arthro-
scopic pump is used, the tourniquet is usually not
necessary, but careful attention for fluid extravasa-
tion is maintained.

Noninvasive ankle distraction is almost always

required during arthroscopy of chronic fractures and
postfracture defects to allow access into the joint.
Ten to fifteen pounds is usually sufficient, although
up to 25 pounds may be used. Whereas for acute
fractures a 2.7 mm or 4.0 mm arthroscope may be
used, chronic fractures almost always require a 2.7
mm arthroscope to visualize the entire joint without
scuffing the articular surfaces.

Anteromedial, anterolateral, and posterolateral
portals are routinely used. Anterior portals may be
more difficult to establish here than when treating
acute fractures because of anterior capsular scar tis-
sue. It is recommended that proposed portal sites be
identified with an 18-gauge spinal needle prior to in-
cising the skin and that a mosquito clamp be used for
blunt penetration of the soft tissues and capsule. Oc-
casionally, upon entering the joint the anterior scar
tissue is so dense that visualization is impossible. In
these cases it is helpful to place blunt obturators in
the anteromedial and anterolateral portals and trian-
gulate them until you can feel the tips of the obtura-
tors touching. Once this is accomplished, the obtura-
tors are swept horizontally to “create” a space in the
anterior aspect of the joint (Fig. 8.8). The arthroscope
and shaver are now placed in this “space,” and the
anterior scar can be débrided under direct vision. Un-
der no circumstances should the anterior capsular tis-
sues be débrided without unequivocal visualization
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FIGURE 8.8. Technique for creating a “space”
to allow initial visualization of the anterior aspect
of the ankle joint in patients with arthrofibrosis
after ankle fractures. Obturators are placed in
the anteromedial and anterolateral portals and
triangulated so they touch. The obturators are
then swept in a horizontal motion to break the
dense adhesions and create an area for visual-
ization. Once this is accomplished, débridement
can be performed under direct visualization us-
ing standard principles.
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of the mouth of the shaver at all times. Identification
of fatty tissues in the anterior scar is important, as it
signals that the capsule has been violated and neu-
rovascular structures are close by.

After débriding the anterior scar tissue, the joint
is thoroughly examined with specific attention to the
medial and lateral gutters. Loose bodies (Fig. 8.9),
avulsion fracture nonunions (Fig. 8.10), and im-
pingement lesions are commonly found. The artic-
ular surfaces are carefully inspected for chondral le-
sions and posttraumatic degenerative changes. If
posttraumatic degenerative changes are more severe
than initially expected, arthroscopy-assisted ankle
fusion may be performed at this time. Finally, the
syndesmosis should be inspected as it occasionally
shows evidence of chronic injury, which can be
missed on preoperative radiographs.

At the completion of the procedure, the portal
sites are reapproximated with 4-0 nylon; 10 cc of
0.5% bupivacaine with epinephrine (1:200,000) is
then injected intraarticularly to decrease bleeding
and provide postoperative pain relief. A sterile
dressing is applied. Patients are instructed to ambu-
late with crutches, bearing weight as tolerated. Su-
tures are removed 1 week after operation, and phys-
ical therapy is started.

Potential Pitfalls and Complications

Pitfalls and complications for arthroscopy of
chronic fractures and postfracture defects parallel
those for ankle arthroscopy in general. They include
neurovascular damage, damage to articular surfaces,
infection, and incisional problems. The surgeon

should always be aware of the anterior neurovascu-
lar structures, as they can easily be injured during
débridement of anterior scar tissue. Constant visu-
alization of the mouth of the motorized shaver and
identification of anterior fatty tissue are useful tips
for minimizing this disastrous complication.

Because of the frequently decreased joint space
seen with chronic fractures and postfracture defects,
iatrogenic scuffing of the articular surface is rela-
tively common. Accurate portal placement, ade-
quate distraction of the joint, and the use of a 2.7
mm arthroscope is essential for minimizing this
problem. Even with meticulous technique, it is not
uncommon to note some damage to the articular sur-
face caused by probing instruments due to the soft,
friable nature of the articular cartilage.

Lastly, postoperative hematoma can be a prob-
lem secondary to aggressive débridement of abun-
dant scar tissue. Although rarely necessary during
ankle arthroscopy, careful hemostasis with arthro-
scopic electrocautery may help minimize this prob-
lem. An intraarticular injection of 0.5% bupivicaine
with 1:200,000 epinephrine is given at the comple-
tion of the case, as it helps decrease postoperative
bleeding. It is important to minimize this complica-
tion, as it can lead to prolonged decreased range of
motion and a recurrence of intraarticular adhesions.

Results

Although more is written about arthroscopy of
chronic fractures and postfracture defects than
arthroscopy of acute fractures, much of the infor-
mation is hidden within broader studies discussing
the results of ankle arthroscopy in general.11–14

There are, though, a few studies entirely devoted to
arthroscopy of chronic fractures and postfracture de-
fects.3,15,16 Because these studies are retrospective
reviews and include many types of postfracture
pathology, however, it is impossible to compare
these studies to each other, although useful infor-
mation leading to outcome trends and treatment rec-
ommendations can be obtained by reviewing them.

In all the studies reviewed, the indication for
arthroscopy was pain uncontrolled by conservative
measures for at least 6 months after fracture or syn-
desmosis disruption. Although every study listed the
postoperative arthroscopic findings and clinical re-
sults, there were significant disparities regarding the
details and classification of the arthroscopic find-
ings and the postoperative outcome. One fact,
though, was obvious. The postoperative clinical out-
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FIGURE 8.9. Loose body identified and easily removed
from the medial gutter in a patient with persistent pain 1
year after a nondisplaced ankle fracture.
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come was highly dependent on the arthroscopic
findings at surgery. Amendola et al. noted that pa-
tients who had localized pathology, such as osteo-
chondritis dissecans of the talus, fared much better
than those who had diffuse conditions such as post-
traumatic scarring or osteoarthritis.11 Similarly,
Pritsch et al. discovered that patients who had 

localized adhesions at the tibiofibular syndes-
mosis had great pain relief, and those who had ta-
lar dome chondral lesions had some pain relief.16

Patients who had a normal arthroscopic examina-
tion often had no pain relief, as symptoms appeared
to be subjective and pathology was either minimal
or nonexistent.
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FIGURE 8.10. This patient had a 6-month history of persistent pain following a “severe ankle sprain.” A: AP radiograph
demonstrating a small avulsion fracture of the distal medial malleolus. B: Arthroscopic view of the medial gutter reveal-
ing fibrous nonunion of the avulsion fracture. C: View of the medial gutter after arthroscopic excision of the fibrous
nonunion. D: Postoperative AP radiograph after excision of the avulsion nonunion. The patient experienced complete
relief of symptoms within 8 weeks after operation.
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Arthroscopy for the treatment of chronic syn-
desmosis disruptions also produced good results. In
a retrospective review of 19 patients treated an av-
erage of 24 months after injury, 14 of 17 (82%) re-
turned to their preinjury level of activity.15 A triad
of findings were always noted at arthroscopy: dis-
ruption of the deep portion of the posterior tibiofibu-
lar ligament, rupture of the interosseous ligament
with a syndesmotic gap of more than 2 mm, and a
chondral fracture of the posterolateral portion of the
tibial plafond in the area of insertion of the deep
posteroinferior tibiofibular ligament. These authors
also noted that the “external rotation stress test” was
positive in all patients preoperative and negative in
all patients postoperatively.17 They concluded that
the test does not measure instability but, instead,
measures irritation or mechanical disruption of the
syndesmosis.

Arthrofibrosis, on the other hand, was a more dif-
ficult problem to treat. Objective criteria, such as
range of motion, were poorly evaluated, if at all, in
these studies. Ferkel and Orwin reviewed 25 patients
who underwent arthroscopy for postfracture prob-
lems; 8 of those patients had arthrofibrosis preop-
eratively.3 For all patients, an average increase in
dorsiflexion of 4 degrees and an average increase in
plantar flexion of 11 degrees was noted after arthro-
scopic débridement. Of the 25 patients, 5 (20%) re-
gained motion equivalent to that on the nonoperated
side. One patient developed loss of motion postop-
eratively and subsequently underwent successful
ankle fusion to relieve persistent symptoms. Two
patients redeveloped arthrofibrosis and required re-
peat arthroscopic débridement. Although 19 of 25
(76%) patients reported a decrease in ankle pain and
an increase in activity, fewer than 50% of the pa-
tients with preoperative arthrofibrosis showed im-
provement (Table 8.2).

In summary, arthroscopy of chronic fractures and

postfracture defects is useful for diagnosing and
treating persistent pain unresponsive to conservative
measures such as antiinflammatory medications,
immobilization, and bracing. Pathology not iden-
tified by radiologic studies, such as chondral le-
sions, postfracture adhesions, and chronic ligament
injuries, are easily identified and treated with
arthroscopy. Because of the increased fibrosis and
scarring found in these patients, following the basic
arthroscopic principles regarding portal develop-
ment and use of motorized shavers is essential to
avoid neurovascular complications. The postopera-
tive outcome depends on the pathology found. 
Localized injuries and soft tissue pathology clearly
did better than diffuse articular injuries and bony
pathology.

CONCLUSIONS AND 
FUTURE DEVELOPMENTS

For treatment of acute ankle fractures arthroscopy
has the advantage of providing better visualization
of the articular surface to improve fracture reduc-
tions while at the same time minimizing soft tissue
dissection. Arthroscopy also allows the surgeon to
remove small osteochondral fragments and other de-
bris from the joint more easily, which may help de-
crease the formation of postoperative adhesions and
other late complications. Recent improvements in
support equipment, such as the mini C-arm fluoro-
scopic unit, cannulated screws for fixation, and
small wire external fixators have expanded the in-
dications of arthroscopy-assisted reduction and fix-
ation of many fractures previously thought to re-
quire extensive soft tissue exposures.

In addition to treating intraarticular fractures,
arthroscopy of acute fractures helps identify associ-
ated intraarticular pathology not usually seen on pre-
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TABLE 8.2. Arthroscopic findings of postfracture pathology

No. of cases

With postfracture
Study Total pathology Soft tissue Articular E/G F/P

Amendola11 79 20 14 (70%) 6 (30%) 15 (75%) 5 (25%)
Pritsch16 19 19 11 (58%) 2 (11%) 13 (68%) 6 (32%)
Ogilvie-Harris15 17 17 17 (100%) 0 (0%) 14 (82%) 3 (18%)
Liu13 68 4 N/A N/A N/A N/A
Ferkel3 25 25 25 (100%) 20 (80%) 19 (76%) 6 (24%)

E/G, excellent or good; F/P, fair or poor.

No. of lesions Results
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operative radiographs or at the time of surgery.
Chondral lesions, syndesmotic injuries, and loose
bodies are frequently found in displaced fractures.
Although most patients fully recover after appro-
priate treatment for displaced ankle fractures, some
remain in persistent pain secondary to associated in-
traarticular injuries. It is these patients in whom
acute arthroscopic evaluation and débridement may
be beneficial for preventing a poor outcome. Larger
numbers and longer follow-up are needed to deter-
mine if acute arthroscopy of ankle fractures statis-
tically alters the outcome.

In the case of chronic fractures and postfracture
pathology, arthroscopy has provided a minimally in-
vasive yet accurate method of diagnosing and treat-
ing the intraarticular pathology that causes chronic
pain. As for arthroscopy of other joints with chronic
symptoms, the results of ankle arthroscopy are much
better for localized injuries and soft tissue pathol-
ogy than for diffuse articular injuries. Even in cases
of extensive posttraumatic arthritis, arthroscopy
helps determine which patients are candidates for
ankle fusion or other salvage procedures. So long
as the principles of portal placement and the use of
motorized instruments are maintained, the risk of
complications is small.

Some have advocated the use of holmium:
YAG lasers to treat ankle pathology.18 Advantages
include easier accessibility to confined spaces, de-
creased iatrogenic injury (articular scuffing), and in-
creased intraarticular hemostasis. Common applica-
tions have been synovectomy, chondoplasty, and
ablation of impingement lesions. Although there
have been no complications reported in the litera-
ture regarding laser use in the ankle, the cost of the
equipment and the risk of developing localized os-
teonecrosis (as seen after laser-assisted partial
meniscectomy in the knee) have limited its use.19

Additionally, one study demonstrated that damage
to meniscal tissue caused by a laser is much greater
than is evident intraoperatively and is much greater
than the damage caused by mechanical instru-
ments.20 Because the articular surface and soft tis-
sues are already traumatized owing to the injury,
lasers are not recommended for treating acute ankle
fractures. Further study is also indicated to deter-
mine the true efficacy and safety of lasers in the
treatment of chronic fractures and postfracture
pathology.

Finally, although arthroscopic treatment of acute
fractures has been limited to treating the ankle joint,
future consideration should be given to treatment of

subtalar fractures and dislocations. Studies have
shown that intraarticular fractures or osteochondral
fragments in the subtalar joint lead to an increased
chance of posttraumatic arthritis and may result in
persistent stiffness of the subtalar joint.21,22 It has
been shown that plain radiographs do not always 
reliably identify osteochondral or intraarticular
pathology after these injuries, and CT scans or to-
mograms are recommended.21,23 Arthroscopic eval-
uation and treatment of the subtalar joint may prove
to be helpful in minimizing posttraumatic arthritis,
chronic pain, and stiffness in these cases.
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chapter 9

Arthroscopic Ankle Arthrodesis

James M. Glick

More than 40 surgical techniques for performing
an ankle arthrodesis were described during the
twentieth century.1–13 As these and other studies
indicated, this procedure has been plagued with
complications, slow time to fusion, and nonunion.
Nonunion rates as high as 41% and overall com-
plication rates of 31–60% have been reported.14–18

In contrast, a 1985 study by Morgan et al. reported
a 96% fusion rate and few complications among
101 ankle fusions.8 Morgan et al.’s fusion tech-
nique maintained the bony contour of the ankle
mortise and used two crossed transmalleolar
screws for internal fixation. Schneider was the first
to report ankle fusion using arthroscopy.10 The pa-
tient in that case experienced little pain and was
able to ambulate shortly after the procedure. In ad-
dition, the ankle fused quite rapidly.

The purpose of the present chapter is to describe
the operative technique of ankle arthrodesis and 
to show the advantages of the procedure. Arthro-
scopic ankle arthrodesis is indicated to relieve in-
tractable disabling pain at the tibiotalar joint. Be-
cause visualization through the arthroscope is
two-dimensional, it is difficult to correct deformi-
ties, so it cannot be used when there is significant
malalignment (varus or valgus of more than 15 de-
grees) or when there is extensive bone loss, such as
with avascular necrosis of the talus or after a failed
total joint replacement. The indications I use include
traumatic arthritis, hemophilic arthropathy, congen-
ital deformity, rheumatoid arthritis, old osteochon-
dritis dissecans, and previous ankle infection now
eradicated.

OPERATIVE TECHNIQUE

Similar to open methods for ankle fusion, the arthro-
scopic procedure consists of three main steps: (1)
removal of all hyaline cartilage and subchondral
bone; (2) reduction of the ankle in the neutral posi-
tion; and (3) internal fixation with two transmalle-
olar screws.

The arthroscopic equipment necessary to perform
this procedure includes a 30 degree fore-oblique 4
mm arthroscope with camera and appropriate video
equipment, high-speed motorized suction abraders
and shavers, arthroscopic graspers, 15 degree angle
curettes, an image intensifier, and large-diameter
cannulated compression screws (6.5, 7.0, or 7.3
mm).

After a general or spinal anesthetic is adminis-
tered, position the patient supine toward the foot end
of a standard operating table. Place the thigh of the
operative leg in a leg holder just above the knee and
flex the knee over the end of the table, so the sole
of the foot is parallel with the floor (Fig. 9.1A).
Space should be allowed for placing the image in-
tensifier at the end of the case. Next, make sure that
the ankle can be easily dorsiflexed to neutral. In-
ability to obtain the neutral position may be due to
a contracted Achilles tendon and posterior capsule,
bony impingement between the talar neck and 
anterior tibia, or a combination of the two. If ra-
diographs do not show evidence of bony impinge-
ment (anterior spurs), percutaneous Achilles ten-
don lengthening should be performed prior to
arthroscopy (Fig. 9.2).19 This step not only allows
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A B

C

FIGURE 9.1. Setup for left ankle arthrodesis using noninvasive (strap) distraction. When the image intensifier is brought
in, the knee is extended and the foot is placed on its flat portion. A: Thigh is supported in a standard thigh holder, and
the knee is flexed over the end of the table so the sole of the foot is parallel to the floor. B: Leg is draped with the dis-
traction strap and weights in place. C: A sterile rolled towel in back of the calf keeps the back of the ankle away from
the drapes.
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reduction to a neutral position for fusion but facili-
tates distraction of the ankle during the procedure.
If radiographs show bony impingement, the anterior
spur should first be arthroscopically removed. If the

ankle still cannot be brought to the neutral position,
Achilles tendon lengthening should be performed
after the arthroscopic part of the procedure and be-
fore reduction. Now, prepare and drape the opera-
tive leg from the proximal tibia to the toes to allow
intraoperative assessment of ankle alignment.

If desired, apply a traction device to distract the
ankle. I use a soft strap, rather than skeletal traction,
to distract the ankle joint. This method eliminates
the need for two incisions and provides adequate
distraction to accomplish the fusion (Fig. 9.1B). To
keep the heel from pressing back against the drapes,
insert sterile rolled towels between the upper calf
and the drapes (Fig. 9.1C).

Establish standard anterolateral and anteromedial
arthroscopic portals. Then débride all hypertrophic
synovium and loose osteochondral fragments that
block the view of the joint. A posterolateral portal
can now be established for fluid outflow (Fig. 9.3).
Next, débride the articular surfaces of the tibial pla-
fond, talar dome, and medial and lateral talomalle-
olar surfaces of all remaining hyaline cartilage and
subchondral bone in a systematic fashion. This step
is performed with a motorized arthroscopic abrader
(burr) to expose cancellous bone on all joint sur-
faces (Fig. 9.4). During the débridement, care is
taken to maintain the normal bony contours of the
talar dome and tibial plafond. Attempting to reshape
the surfaces of the talar dome and tibial plafond to
planar surfaces (known as “squaring off” the mor-
tise) should be avoided, as it may leave a bony gap
when the ankle is reduced and prolong the time to
fusion (Fig. 9.5).
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FIGURE 9.2. Position of the three subcutaneous incisions
used for lengthening the Achilles tendon.

FIGURE 9.3. Three portals used for
left ankle arthrodesis. The arthro-
scope is in the anterolateral portal,
a shaver is in the anteromedial por-
tal, and a combined outflow pres-
sure-sensing cannula for a fluid
pump is in the posterolateral portal.
The bulge on the front of the ankle
is an old soft tissue graft in the pa-
tient whose case is shown in Figure
9.13.
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In general, débridement of the medial half of the
joint is done with the arthroscope placed anterolat-
erally and the abrader placed anteromedially. Con-
versely, débridement of the lateral half of the joint
is done with the arthroscope placed anteromedially
and the abrader placed anterolaterally. The posterior
aspect of the joint can be débrided sufficiently
through the anterior portals, with the joint distracted.
Removal of extremely sclerotic bone or subchon-
dral cysts may be facilitated by using 15 degree an-
gled curettes (Fig. 9.6). A large anterior osteophyte
on the tibia that blocks dorsiflexion of the ankle is
removed with an arthroscopic burr through one an-
terior portal while visualizing the bony protuberance
through the other anterior portal. Alternatively, a
0.25 inch osteotome can be used in place of the
burr.20

Once viable cancellous bone is visualized on all
surfaces of the talus and tibia, secure the ankle joint
with two crossed cannulated screws. At the anterior
aspect of the medial malleolus and above the joint
line, percutaneously drill one guide pin through the
tibia, directing it posteriorly and laterally toward the
talus (Fig. 9.7). Repeat the same procedure on the
lateral side, but start the guide pin through the lat-
eral malleolus and aim it anteromedially into the
neck of the talus. If the bone is osteopenic or if con-
comitant Achilles tendon lengthening was per-
formed, a third screw may be needed for additional
stability. This additional guide pin for the third
screw is begun laterally in the tibia, anterior to the
fibula, pointed toward the talus and at the same time
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FIGURE 9.4. Abrasion of the articular surfaces, exposing
bleeding bone while maintaining the normal contour of the
joint. A: Abrasion of the talus (bottom). The tibia is shown
at the top. B: Abrasion of the talus adjacent to the me-
dial malleolus (medial gutter).

FIGURE 9.5. Ankle in which an at-
tempt was made to reshape
(square off) the talar surface. Note
the wide space and the lack of con-
gruity. This ankle went on to de-
layed union.
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aimed as far anteriorly as possible. Through the
arthroscope visualize the precise location of the pins
crossing the joint and entering the talus. If neces-
sary, they can be redirected (Fig. 9.8A). Then back
the guide pins out so the tips are level with the de-
nuded surfaces of the tibial plafond and lateral
malleolus. Next, removal all arthroscopic equipment
from the joint, release the distraction (Fig. 9.8B),
and reduce the fusion surfaces under fluoroscopic
guidance. Hold the talus in the position of fusion.
The correct position for fusion is neutral dorsiflex-
ion, 0–5 degrees of valgus, and 0–5 degrees of ex-
ternal rotation. With this position for fusion care-
fully held, drill the guide pins into the talus (Fig.
9.9), determining the precise depth by image inten-
sification (Fig. 9.10A). Then insert the correspond-
ing screws over the guide pins and screw them into

place (Fig. 9.10B). Confirm the reduction and screw
placement with permanent radiographs (Fig. 9.11).

Close the wounds with single nylon sutures and
apply a well-padded sterile dressing that allows ab-
sorption of extravasated fluid. Immobilize the ankle
in a posterior splint. At the first postoperative visit,
convert the splint to a walking cast or removable
walking fracture boot (Fig. 9.12). The patient may
bear as much weight as he or she can tolerate. The
fracture boot may be removed when lying in bed so
long as the patient reapplies it for weight-bearing.
Obtain radiograms every 3–4 weeks until the joint
is solidly fused.

RESULTS

The final method of arthroscopic ankle fusion, de-
scribed above, was gained from the experience of
78 cases performed by four surgeons in three cen-
ters: I and my partner Thomas G. Sampson from
San Francisco, California; Craig D. Morgan from
Wilmington, Delaware; and Mark S. Myerson from
Baltimore, Maryland. All of the surgeons per-
formed the procedure in a similar manner and added
to the refinement of the operation. Various débride-
ment and fixation techniques were tried, with the
safest, most reliable ones incorporated into the fi-
nal procedure. Sampson and I,21–24 Morgan et
al.,24–26 and Myerson et al.24,27,28 have published
on the topic.

The ages of the patients ranged from 18 to 83
years (average 46 years). Follow-up ranged from 16
months to 10 years (average 44 months). The final
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FIGURE 9.6. Removing a cyst in the talus with an angled
curette.

FIGURE 9.7. Inserting a guide pin
for a cannulated screw, starting
above the medial malleolus. This is
the same patient described in Fig-
ure 9.13.
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FIGURE 9.8. Guide pins for the cannulated screws have
been placed from the medial and lateral aspects of the an-
kle. A: Arthroscopic view of the tips of the guide pins pene-
trating the joint surface of the tibial plafond. B: Outside view
with the guide pins in place and the ankle ready to be re-
duced.

FIGURE 9.9. Ankle reduced on an
image intensifier. This is the patient
shown in Figure 9.13. The ankle has
been placed on the flat surface of
the image intensifier. One of the
guide pins is being drilled into the
talus.
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results were based on a rating scale developed by
Morgan et al.8 (Table 9.1). Of the 78 ankles, 71
(91%) fused solidly. Four of the seven nonunions re-
sulted from a surgical technique no longer used. Two
nonunions developed after using a Charnley com-
pression device for fixation. The other two occurred
after holmium:YAG laser was used for débridement,
which induced osteolysis. These four went on to suc-
cessful fusion after a conventional arthrodesis.

The three other nonunions were attributed to
technical errors and were part of the learning curve
for this technique. In one case a central portal was
used for the arthroscope, causing damage to the dor-

salis pedis artery. In the same case, fixation was not
secure, so when the artery was repaired 1 week af-
ter operation the fixation was lost and the fusion
subsequently did not unite the fracture. Later, a fu-
sion performed through a conventional incision
went on to unite the fracture successfully. For the
first eight cases performed by me, fixation was ac-
complished with either threaded or smooth Stein-
mann pins. Another nonunion occurred in a case in
which the lateral and medial gutters were not
débrided of articular cartilage. We no longer use a
central portal and carefully débride the gutters in all
of our ankle arthrodeses (Fig. 9.4B). The third
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FIGURE 9.10. Fluoroscopic views of the progression of fixation. A: Two guide pins have been inserted to the correct
depth on this anteroposterior (AP) view. B: View of the lateral cannulated screw in place.

FIGURE 9.11. Final intraoperative radiographs with cannulated screws in place. A: AP view. B: Lateral view.

A B
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nonunion was a case of noncompliance. The patient
was obese and a heavy smoker, and he removed his
cast several weeks prematurely to return to work as
a truck driver. He failed subsequent follow-up 
appointments.

The average time to arthrodesis was just over 8
weeks (58 days), with a range of 4–14 weeks. Bony
fusion was determined mainly from a lateral radio-
graphic view (Fig. 9.13). There were three delayed
unions: two following Achilles tendon lengthening
and one after two screws were used to fixate an un-
stable ankle. There were no deep wound infections
and only one superficial wound infection. There
were 85% excellent and good results, 5% fair results,
and 10% poor results. Two ankles were rated as fair
because of moderate to severe subtalar pain. Of the
eight poor results, seven were nonunions, and the
other was a malunion, fused in excessive equinus.

Other than the nonunions, there was one major
and one minor complication. The major complica-
tion was in the patient who underwent fusion in 20
degrees of equinus. It required revision of the fu-
sion. The minor complication was a wound infec-
tion over prominent hardware well after the patient
had achieved a solid arthrodesis. The problem re-
solved with hardware removal and local wound care.

DISCUSSION

I have been performing arthroscopy-assisted ankle
arthrodeses since February 1984, and several key
points have been established from the mistakes
made over the years: (1) A central portal should
never be used because of its close proximity to the
dorsalis pedis artery and the deep branch of the pe-
roneal nerve. (2) The Charnley apparatus does not
work when the arthroscope is used because the fu-
sion surfaces must be flat to provide a stable con-
struct. It is almost impossible to shape the joint sur-
faces so they are perfectly flat with arthroscopic
visualization. (3) The medial and lateral tibiotalar
surfaces (gutters) should be denuded of all carti-
lage. (4) At this time, a device that ablates by heat
(e.g., laser, electric current) should not be used for
débriding the joint surfaces because it kills the un-
derlying bone cells. (5) Finally, three screws should
be used for fixation when Achilles tendon length-
ening is performed or when an unstable situation
exists.
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FIGURE 9.12. Walking fracture boot
used for postoperative immobiliza-
tion.

TABLE 9.1. Clinical rating scale

Rating Clinical characteristics

Excellent Solid fusion, no pain, no limp, no job 
restrictions, excellent appearance

Good Solid fusion, mild pain, mild inconstant 
limp, same job but with some 
restriction and acceptable 
appearance

Fair Solid fusion, moderate pain, constant 
limp, job change, poor appearance

Poor Any ankle with fusion failure or severe 
pain
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There are several advantages of the arthro-
scopic technique of the ankle fusion over open
methods of ankle fusion. Morbidity of the arthro-
scopic procedure is significantly less. The surgery
requires only a few small incisions and minimal
soft tissue dissection. For this reason, the surgery
can usually be done as an outpatient procedure or
occasionally with hospitalization overnight. In ad-
dition, the minimal soft tissue disruption makes
arthroscopic ankle fusion ideal for patients with
compromised healing potential, such as patients
with vascular disease, diabetes, rheumatoid arthri-

tis, a history of corticosteroid use, or prior skin or
soft tissue grafts.

A case of poor healing potential is shown in 
Figure 9.13. The patient sustained a severe open
fracture-dislocation of the ankle that included loss
of the soft tissue covering the anterior aspect of the
ankle. Extensive skin grafting was required. Two
problems occurred during the fusion procedure.
First, a wide gap was created between the faces of
the tibia and talus because extensive débridement
was required to obtain bleeding surfaces. Second,
optimal placement of the two screws was difficult
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FIGURE 9.13. This 32-year-old man sustained a
fracture-dislocation of his left ankle along with a full-
thickness soft tissue loss over the anterior aspect 
of his ankle. The ankle was reduced and fixated 
with a plate on the distal fibula. A skin graft was ap-
plied that healed without incident. Severe traumatic
arthritis ensued. A: Appearance of the ankle. B: AP 
and lateral radiographs immediately after operation.
C: AP and lateral radiographs 12 weeks after oper-
ation. Note how the gap has begun to fill in, espe-
cially on the lateral view. The patient did not expe-
rience pain or swelling on weight-bearing, so
immobilization was discontinued.
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because of the need to position the incision for the
anterior screw outside the skin graft and to keep the
lateral screw from striking the plate on the fibula.
To offset these problems, three screws were inserted
that increased the security of the fixation, and a short
leg walking cast was applied rather than a fracture
boot for further postoperative stability. A fracture
boot was applied after 6 weeks, and the ankle fused
at 12 weeks. The gap that was left between the tibia
and talus could not be helped in this case because
of the need for extensive débridement. In our re-
ported series, exact placement of the screws did not
appear to be paramount for fusion to occur. In this
case all three screws were in the posterior aspect of
the talus, and the ankle fused without incident.

The time until fusion and thus the immobiliza-
tion time is, on average, 4–8 weeks less than with
open methods of arthrodesis. This is a distinct ad-
vantage in many respects. It allows patients to re-
turn to their previous level of independence much
more quickly, and it cuts down on the time out of
work for those whose jobs require ambulation. The
significantly shorter time to fusion is a distinct ad-
vantage to certain physically disabled patients, such
as those with rheumatoid arthritis, who have diffi-
culty ambulating with upper extremity walking aids.

The reason for the shorter time to fusion is spec-
ulative. The most likely basis is that minimal inter-
ruption of the soft tissue structures around the an-
kle preserves the blood supply to the bones and soft
tissue envelope. An intact blood supply enhances
the fusion process. It is also possible that the orig-
inal contour of the bony surfaces is better main-
tained with the arthroscopic technique, given the
precise removal of bone using an arthroscopic burr.
This may lend added stability to the fusion construct
and leave a larger surface area of bony contact, al-
lowing more rapid fusion.

The arthroscope is an excellent device to help with
arthrodesis of an ankle. We have found that this
method of fusing ankles is reliable and delivers re-
sults comparable to those seen with open techniques.
The time to fusion is rapid, and morbidity is low.
Arthroscopic ankle arthrodesis is a viable choice in
a patient with minimal or mild deformity of the an-
kle joint and may be the preferred method for fusion
in patients with compromised healing potential.
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chapter 10

Posterior Subtalar Joint Arthroscopy

J. Serge Parisien

At the present time, accurate assessment of the sub-
talar joint is possible through the use of some in-
vestigative procedures such as contrast arthrogra-
phy, special radiographic projections, computed
tomography (CT) scanning, and magnetic resonance
imaging (MRI).1–5 Direct visualization of the pos-
terior subtalar joint via the arthroscope is also pos-
sible.6 With the availability of miniature surgical in-
struments, some selected surgical procedures can
also be performed. The relevant regional anatomy,
arthroscopic portals, arthroscopic anatomy, the tech-
nique for diagnosis and surgery, and the possible in-
dications for subtalar joint arthroscopy are reviewed
in this chapter.

ANATOMY

Three joints form the hind part of the foot: poste-
rior subtalar joint, talocalcaneal-navicular joint (or
anterior subtalar joint), and calcaneocuboid joint.
Two grooves form the tarsal canal: one on the in-
ferior surface of the talus and one on the superior
surface of the os calcis. Its lateral opening is called
the sinus tarsi. The tarsal canal and sinus tarsi di-
vide the subtalar joint into the anterior talocalcaneal-
navicular joint and posterior talocalcaneal joint.
Cahill7 studied the contents of the tarsal canal and
found that it contains the cervical and talocalcaneal
interosseous ligaments, the medial root of the infe-
rior extensor retinaculum, a large fat pad, and blood
vessels. Whereas the interosseous ligament has no
role in the limitation of inversions and eversion of
the subtalar joint, the cervical ligament is important
for the limitation of inversion.

Harper8 described the supporting ligaments of the
subtalar joint and divided them into superficial, in-
termediate, and deep layers. The superficial layer is
formed by the lateral talocalcaneal ligament, poste-
rior talocalcaneal ligament, medial talocalcaneal 
ligament, lateral root of the inferior extensor reti-
naculum, and calcaneofibular ligament. The inter-
mediate layer is composed of the intermediate root
of the inferior extensor retinaculum and the cervi-
cal ligament. The deep layer is formed by the me-
dial root of the inferior extensor retinaculum and the
interosseous talocalcaneal ligament.

The anterior portion of the subtalar joint is com-
plex, consisting of the convex head of the talus, the
concave posterior part of the navicular, the anterior
part of the superior surface of the os calcis, and the
short plantar calcaneonavicular (spring) ligament.
Posteriorly located behind the tarsal canal is the pos-
terior part of the subtalar joint formed by the con-
vex superior facet of the os calcis and the concave
facet of the talus. The joint line is oblique (Figs.
10.1, 10.2) and is directed upward with a convex
orientation. A part of the joint is hidden by the per-
oneal tendons, located behind the lateral malleolus.
The joint capsule has a posterior pouch and is rein-
forced laterally by the talocalcaneal and calcane-
ofibular ligaments. The small saphenous vein and
sural nerve are superficially located posterior to the
peroneal tendons.

PORTALS

Two arthroscopic portals, one anterior and one poste-
rior to the lateral malleolus, can be used for arthro-
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Anterior Subtalar Joint

Navicular facet

Spring ligament

Middle talar facet

Posterior talar facet

Posterior Subtalar Joint

Anterior talar
facet of calcaneus

FIGURE 10.1. Posterior subtalar
joint. (From Ferkel,12 with permis-
sion.)

M
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FIGURE 10.2. A: This cadaver specimen shows the po-
sition of the anterior and posterior portals with the foot
in plantar flexion. (M) lateral malleolus. The anterior 
portal is 10 mm anterior and inferior from tip of fibula. 
B: Amputation specimen showing posterior subtalar
joint, with peroneal tendons retracted.
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scopy of the posterior subtalar joint (Figs. 10.3, 10.4).
The anterior portal is placed 2 cm anterior and 1 cm
distal to the tip of the fibula. The posterior portal is
located at the level of the tip of the fibula or slightly
proximal to it, close to the Achilles tendon, to avoid
injury to the sural nerve. Two accessory anterior and
posterior portals can be developed anterior to the
main, previously described portals. However, the ac-
cessory posterior portal puts the sural nerve at risk.
When a 2.2 mm or 2.7 mm 10 degree arthroscope is
used through the anterior portal, there is good visual-
ization of the anterior aspect of the joint. Visualiza-

tion of the extremely posterior aspect of the articula-
tion with 10 degree angulation usually requires a pos-
terior position for the arthroscope; however, with a 25
degree angle arthroscope, either portal can be used for
adequate joint visualization. Concomitant use of the
two portals is necessary for an outflow needle or for
triangulation of surgical instruments.

INSTRUMENTATION

The posterior subtalar joint is a small joint, and its
visualization requires the use of small instrumenta-
tion (Figs. 10.5, 10.6). Most diagnostic arthroscopic
procedures can be performed with the 2.2 mm or
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FIGURE 10.3. Subtalar portals with neurovascular structures. (From Ferkel,12 with permission.)

APL
AL

AAL
PL

FIGURE 10.4. Subtalar portals with soft tissues removed.
(From Ferkel,12 with permission.)

FIGURE 10.5. A 2.7 mm short 30 degree video-arthro-
scope (bottom) with trocar and cannula (top). (Courtesy
of Smith & Nephew Inc./Arthroscopy—Andover, MA.)
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2.7 mm 10 degree arthroscope. We prefer the in-
creased field of view afforded by the 2.7 mm 25 de-
gree arthroscope. Diagnostic arthroscopy can be
performed by establishing only an anterior portal.
In addition to the arthroscope, a spinal needle and
60 cc syringe with small plastic tubing are needed.
When surgical arthroscopy is contemplated, surgi-
cal tools such as small grasping forceps, small mo-
torized instruments, and a disposable plastic cannula
are needed. Joint distension is by the gravity sys-
tem. Distraction is done manually by an assistant.

TECHNIQUE

Arthroscopy of the posterior subtalar joint is carried
out in the operating room under spinal or general
anesthesia. The patient is placed in supine position

with a sand bag under the buttocks to allow inter-
nal rotation of the lower extremity, providing bet-
ter access to the posterior lateral aspect of the foot
(Fig. 10.7). A leg holder is optional, and a tourni-
quet can be placed high over the thigh to be inflated
when necessary. From the beginning of the exami-
nation, careful planning for the arthroscopic portal
should be done by outlining the important land-
marks. The posterior subtalar joint is a superficial
structure, and the key to anatomy is definition of the
tarsal canal and the sinus tarsi. Behind these struc-
tures, the joint line is oblique and directed upward
with a convex orientation. Other important land-
marks are the lateral malleolus and the peroneal tu-
bercle. The tubercle can be palpated as a small pro-
tuberance on the lateral aspect of the os calcis
between the tendons of the peroneus longus and 
brevis. A vertical line drawn from this tubercle
passes anterior to the tip of the lateral malleolus and
crosses the sinus tarsi area. No neurovascular bun-
dle exists in this region. Posteriorly, the peroneal
tendons, which partially overlie the posterior part of
the subtalar joint, curve around the posterior aspect
of the lateral malleolus. The sural nerve is located
behind the lateral malleolus along with the small
saphenous vein.

By inverting and everting the foot, the sinus
tarsi can be palpated in front of the lateral malle-
olus. Approximately 2 cm anterior and 1 cm dis-
tal to the tip of the lateral malleolus, a spinal nee-
dle is placed in the joint to inflate the joint cavity
with approximately 5–8 mm of normal saline or
Ringer’s lactate. The needle is removed, and a
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FIGURE 10.6. Motorized shaver with various surgical
blades. (Courtesy of Smith & Nephew Inc./Arthroscopy—
Andover, MA.)

FIGURE 10.7. Patient positioning for
ankle and subtalar arthroscopy.
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small skin incision is made at the same site. An
arthroscopy cannula with a blunt obturator is in-
troduced into the joint in a slightly upward direc-
tion with a firm, twisting motion. The trocar is ex-
changed for the 2.7 mm 25 degree arthroscope,
and the foot is held in slight inversion. If only di-
agnostic arthroscopy is contemplated, the exami-
nation can be performed through an anterior por-
tal with a 25 degree arthroscope. Joint distension
is obtained with a 50 cc syringe filled with nor-
mal saline or Ringer’s lactate attached to the
sleeve of the arthroscope by means of small plas-
tic tubing. However, if an outflow needle or sur-
gical instruments are needed, a posterior portal is
necessary. This portal is slightly proximal to the
tip of the lateral malleolus anterior to the Achilles
tendon. Too-proximal placement of the portal may
inadvertently enter the posterior aspect of the an-
kle joint. A spinal needle can be used posteriorly
to develop a posterior portal while the joint is be-
ing visualized through an anterior portal. The pos-
terior portal can also be found by palpating the tip
of the anteriorly placed arthroscopic obturator.
When surgical instruments are used, an overhead
irrigation system should be used.

With the outflow in place, examination of the
posterior subtalar joint is begun. The synovial lin-
ing of the posterior aspect of the interosseous talo-
calcaneal ligament is seen; then the articular carti-
lage of the anterior aspect of the subtalar joint is
visualized, as is the lateral aspect of the capsule and
the small lateral recess of the joint. Field-of-view
angulation allows visualization of the posterior as-
pect of the talus and os calcis. The posterior pouch
of the joint with its synovial lining can be visual-
ized by further advancing the arthroscope posteri-
orly. While the scope is being maneuvered and the
field of view changed, an assistant can invert and
evert the foot. Even for diagnostic arthroscopy it is
sometimes desirable to switch portals. Before in-
troducing the arthroscope posteriorly, a small skin
incision is made and a hemostat is used to move the
neurovascular structures. A disposable cannula can
be used to avoid repeated penetration through the
skin posteriorly. If arthroscopic surgery is required,
the same two portals just outlined can be used for
visualizing and triangulating surgical instruments.
After completing the procedure, the portals are
closed with sutures. When there is extravasation of
fluid into the subcutaneous tissue, the portals are
sometimes left open so the irrigating solution can
escape.

POSTOPERATIVE CARE

At the end of the procedure, a compression dress-
ing is applied from the toes to the mid-calf. This
dressing is removed the following day, and ice is
applied, with the leg elevated for 2–3 days. The pa-
tient is allowed to ambulate with the use of crutches,
and weight-bearing is permitted as tolerated. The su-
tures are removed approximately 1 week after the
procedure, and the patient is encouraged to start
range-of-motion exercises of the foot and ankle im-
mediately after surgery. Once the joint swelling has
completely subsided, if indicated the patient is re-
ferred to a physical therapist for rehabilitation un-
der supervision.

INDICATIONS

The indications for arthroscopic examination and
surgery of the subtalar joint are not common. From
a review of the literature and my own experi-
ence, the indications may fall into the following
groups.9–17

• Persistent posttraumatic symptoms with intraar-
ticular adhesions.

• Chondral or osteochondral fractures with loose
fragments

• Degenerative or inflammatory arthritis
• Assessing the status of the articular surface prior

to some procedures for subtalar instability
• Excision of painful os trigonum
• Arthrodesis of the subtalar joint
• Evaluation and treatment of chronic pain in the

sinus tarsi

Posttraumatic Conditions

Patients with a history of injuries to the hindfoot
who continue to have pain and swelling in the sub-
talar joint and for whom radiographs have failed
to demonstrate any abnormalities can benefit from
arthroscopic exploration of the joint. The presence
of chondromalacia of the articular surface of a
chondral fracture can be ruled out. The appropri-
ate surgical procedures, whether chondroplasty or
excision of a cartilage flap or a loose body, can
be performed using the triangulation technique
(Fig. 10.8).
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Chondral or Osteochondral Fractures

Some fractures of the os calcis or the talus involve
the articular surfaces of the posterior talocalcaneal
joint. An assessment of articular damage is neces-
sary at times. Loose chondral fragments, if present,
can be removed arthroscopically (Fig. 10.9).

Degenerative or Inflammatory Conditions

In patients in whom degenerative or inflammatory
arthritis is suspected (Fig. 10.10), an arthroscopic
evaluation can provide information on the condition
of the articular surfaces. These patients may be
helped temporarily by joint lavage. In some situa-
tions, débridement of osteophytes and hypertrophic
synovium temporarily relieves the symptoms. In
suspected cases of rheumatoid arthritis, in addition
to establishing the precise diagnosis by means of di-

rect biopsy of the synovium, arthroscopy can con-
firm the presence of a chondral defect. In cases of
infection of the subtalar joint, the arthroscopic tech-
nique allows joint débridement followed by drain-
age tube placement.

Arthrofibrosis

Experience has shown that in cases of arthrofi-
brosis of the subtalar joint dramatic relief of pain
and improved range of motion can be obtained 
after arthroscopic excision of adhesions (Fig.
10.11). Although some fine adhesive bands can be
broken by manipulating a small obturator through
the joint, surgical instruments such as motorized
shavers or small retrograde knives are neces-
sary to excise thick adhesive bands. Holmium:
YAG laser or radiofrequency may also be used if
available.
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FIGURE 10.8. A: Loose body in the posterior subtalar joint. B: Chondral lesion articular surface in the posterior subta-
lar joint.

FIGURE 10.9. Osteochondral fracture of the posterior
subtalar joint.

FIGURE 10.10. Rheumatoid arthritis in the posterior sub-
talar joint.
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Chronic Instability

Patients with chronic instability of the subtalar joint
or posttraumatic arthritis, for whom open procedures
such as ligamentous reconstruction or arthrodesis are
contemplated, may benefit from direct evaluation of
the articular surface afforded by arthroscopy. The in-
formation obtained helps the physician decide on the
procedure of choice.

Painful Os Trigonum

Ferkel12 reported successful use of the arthroscope in
the management of symptomatic os trigonum. The
nonunited fragment of the posterior aspect of the talus
can be excised through a posterolateral portal, and vi-
sualization is achieved through the anterolateral por-
tal or by stacked posterior portals, immediately adja-
cent to the Achilles tendon and 2 cm apart or more
for alternating visualization and instrumentation. Dur-

ing excision of the fragment, the flexor hallucis longus
and posteromedial neurovascular bundle are at risk.
Visualizing the tip of the surgical instruments is re-
quired at all times to avoid injury to these structures.

Subtalar Arthrodesis

Tasto16 described a technique of arthroscopy-assisted
subtalar joint arthrodesis in patients with subtalar 
pain secondary to posttraumatic arthritis, rheumatoid
arthritis, and osteoarthritis without gross malalign-
ment or significant bone loss (see Chapter 11).

SINUS TARSI SYNDROME

Sinus tarsi syndrome has been historically described
as pain in the sinus tarsi area secondary to trauma.
The pain, relieved by injecting the sinus area, is as-
sociated with complaints of instability in the sub-
talar region. According to Frey et al.,15 it is an inac-
curate term, as it can include many other pathologies
such as interosseous ligament tears, arthrofibrosis, and
joint degeneration. A more accurate diagnosis can be
obtained using arthroscopy, with the appropriate treat-
ment applied in most situations (Fig. 10.12).

COMPLICATIONS

Possible complications include infection, instrument
breakage, and scuffing of the articular cartilage.
Knowledge of the anatomy and proper technique
can avoid injury to the neurovascular structures at
risk (i.e., the lesser saphenous vein, the sural nerve,
and branches of the superficial peroneal nerve).
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FIGURE 10.12. Interosseous ligament area in a patient with sinus tarsi syndrome before and after arthroscopic débride-
ment.

FIGURE 10.11. Adhesions in the posterior subtalar joint.
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RESULTS

Subtalar arthroscopy has been shown to be benefi-
cial by many orthopedic surgeons over the past sev-
eral years. Williams and Ferkel13 reported overall
good to excellent results in 86% of 50 patients. In
their study 21 patients underwent diagnostic
arthroscopy alone; and 29 underwent various proce-
dures performed for synovitis, degenerative joint dis-
ease, chondromalacia, loose bodies, arthrofibrosis,
and symptomatic os trigonum. Frey et al.14 reported
a success rate of 94% good and excellent results with
arthroscopic treatment of various subtalar pathologic
conditions in 49 patients. The complication rate was
extremely low, with the most common complication
being transient neuropraxia involving branches of
the superficial peroneal nerve. Parisien11 reported
similar results for 20 patients who underwent 
subtalar joint arthroscopic procedures for various
conditions (e.g., arthrofibrosis, chondromalacia, os-
teochondral lesions, synovitis, and sinus tarsi dys-
function). Fourteen other patients underwent only di-
agnostic procedures. There were no complications in
either group. In another series of 22 patients who un-
derwent arthroscopic subtalar arthrodesis, Tasto16

reported successful complete bony union in all 
patients, with an average follow-up of 22 months.
Among his 22 patients, 9 had posttraumatic changes,
8 had osteoarthritis, 2 had rheumatoid arthritis, 2 had
chronic posterior tibial tendon disruption, and 1 had
a tarsal coalition. The time until union was 8–9
weeks. There were no major complications in his se-
ries. Scranton,17 in a retrospective review, compared
the results of arthroscopic subtalar arthrodesis (5 pa-
tients) with open procedures (12 patients). He con-
cluded that both techniques, when properly per-
formed, yielded satisfactory results.

CONCLUSIONS

Direct arthroscopic visualization of the posterior
subtalar joint is possible with the use of small arthro-
scopes (ranging in size from 2.2 to 2.7 mm). Valu-
able information can be obtained regarding the sta-
tus of the articular cartilage and synovial lining in
cases of degenerative and inflammatory arthritis.
Posttraumatic pain syndrome of the hindfoot can be
assessed, and limited surgical procedures, such as
biopsy, breakage or excision of adhesions, joint
lavage, or removal of loose chondral or osteochon-
dral bodies, can be performed with less morbidity

for the patient. With proper technique, excision of
symptomatic os trigonum and subtalar arthrodesis
can be achieved with success.
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chapter 11

Arthroscopic Subtalar Arthrodesis

James P. Tasto

Operative procedures designed for subtalar fusion
have been in existence for nearly 100 years. Nieny
performed the first subtalar arthrodesis in 1905.
Since then numerous techniques have been reported
in the literature that have utilized both intraarticu-
lar and extraarticular methods.1–9 Results have gen-
erally been favorable, with a variety of complica-
tions reported.10–12 Data on the rate of union, time
until union, complications, and long-term follow-up
are noticeably missing in the early and more recent
literature. A number of other procedures for sub-
talar pathology have been described, including
arthroscopy, arthroplasty, triple arthrodesis, and si-
nus tarsi exploration. Surgical open reduction of cal-
caneal fractures to restore the normal anatomic
alignment of the joint surfaces has gained accep-
tance. This is an effort to avoid the sequelae of post-
traumatic degenerative arthritis of the subtalar joint.
Operative and conservative care of calcaneal frac-
tures, however, continues to be plagued with long-
term symptomatic degenerative changes in the sub-
talar joint.

Arthroscopic subtalar arthrodesis (ASTA) as a
surgical procedure was developed in 1992 and was
first reported at the 1994 annual meeting of the
Arthroscopy Association of North America
(AANA) as a preliminary review. The procedure
was designed to improve traditional methods by us-
ing a microinvasive technique. The decision to pro-
ceed with this surgical technique grew out of the
success with arthroscopic ankle arthrodesis.13 Sub-
talar arthroscopy has been described by a number
of authors, but no reported cases or attempts at

arthroscopic subtalar fusion have been published.14

Work by Solis has paralleled some of our ear-
lier work (V.H. Solis, personal communication,
1996).

The development of an arthroscopic technique
was intended to yield less morbidity if it could be
performed using the same techniques and principles
as for arthroscopic ankle fusion. It was hypothesized
that perioperative morbidity could be reduced, the
blood supply preserved, and proprioceptive and neu-
rosensory input enhanced. A prospective study was
initiated to document the effectiveness of the pro-
cedure and determine the time until complete fu-
sion, the incidence of delayed union and nonunion,
and the prevalence of complications.

The subtalar joint is comprised of three articula-
tions: posterior, middle, and anterior joints or facets
(Figs. 11.1, 11.2). Numerous extraarticular liga-
ments stabilize the subtalar joint. The major liga-
ments encountered during subtalar arthroscopy are
the intraarticular components, which consist of the
interosseous talocalcaneal ligament, the lateral talo-
calcaneal ligament, and the anterior talocalcaneal
ligament (Fig. 11.3). These ligaments coalesce to
form the division between the posterior and middle
facets of the subtalar joint. The interosseous liga-
ment is a broad, stout structure measuring approxi-
mately 2.5 cm in breadth from medial to lateral. It
is an important landmark and marks the arthroscopic
boundary for posterior subtalar arthroscopy.

The subtalar joint is a single-axis joint that acts
like a mitered hinge connecting the talus and calca-
neus.15,16 The direction of the axis of movement
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about this joint is backward, downward, and lateral,
running from the dorsal medial talus to the pos-
terolateral calcaneus. It is a determinative joint that
influences the biomechanics of the distal portion of
the midfoot and forefoot. The more horizontal the
hinge, the greater is the influence of torque and ro-
tation on the midfoot and forefoot. Various re-
searchers performing anatomic cadaver studies have
related the range of motion of the subtalar joint 
to be 20–60 degrees of combined inversion and
eversion.15–17

The three articulations of the subtalar joint are
able to provide rotation simultaneously between the
talus and calcaneus about a common axis of rota-

tion.15–17 At the end of its normal range of motion,
the curves of the three articulations suddenly be-
come incongruous, no longer providing motion
about a common axis of rotation. Further motion
disarticulates the subtalar joint. This force must be
rotational and must exceed the compressive forces
holding the talus and calcaneus together.15,17

At the end of its normal range of motion, the sub-
talar joint stops and the ligaments continue to be re-
laxed. Only when the transverse rotational force is
increased to the extent that it exceeds the compres-
sive force do the ligaments tighten. The ligaments
therefore become taut only at the beginning of an
imminent dislocation or subluxation.15,17
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FIGURE 11.1. Topographic view
of a prosected anatomic speci-
men of the posterior subtalar
joint. A, Undersurface of talus; B,
middle facet of talus; C, superior
surface of calcaneus.

FIGURE 11.2. Anatomic dissec-
tion of lateral posterior subtalar
joint. A, talus; B, calcaneus; C, re-
sected interosseous ligament; D,
subtalar joint.
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INDICATIONS

The major indication for arthroscopic subtalar ar-
throdesis is intractable subtalar pain secondary to
rheumatoid arthritis, osteoarthritis, or posttraumatic
arthritis. Other indications include neuropathic con-
ditions, gross instability, paralytic conditions, and
posterior tibial tendon rupture. Most of the early lit-
erature on subtalar surgery focused on stabilization
of paralytic deformities secondary to poliomyelitis.
Most patients encountered in today’s medical envi-
ronment who require this procedure have posttrau-
matic or arthritic disorders.

Patients must have failed conservative manage-
ment to qualify for arthroscopic subtalar fusion.
Conservative treatment includes a variety of modal-
ities, including orthotics, nonsteroidal antiinflam-
matory drugs, activity modification, and occasional
cortisone injections into the subtalar joint. Patients
must also be apprised of the possibility of requiring
an open procedure should this technique not be tech-
nically feasible.

The patient’s history is usually one of lateral
hindfoot pain, which can be confused quite easily
with ankle pathology. Increased symptoms with
weight-bearing on uneven ground is a classic com-
plaint. History of a previous calcaneal fracture

should immediately alert one to the possibility of
subtalar pathology. The clinical findings consist of
pain over the sinus tarsi and the posterolateral sub-
talar joint. They also report reproduction of the
symptoms on inversion and eversion of the subtalar
joint with the ankle locked in dorsiflexion.

The clinical workup for this patient profile is sim-
ple. Often a good history and physical examination,
with the results confirmed by plain radiographs, are
sufficient to confirm the diagnosis. On occasion,
computed tomography (CT) or plain tomography is
necessary.18 There is little need for magnetic reso-
nance imaging (MRI) or arthrography.19 Differen-
tial injections continue to be a valuable diagnostic
aid to confirm the diagnosis as well as distinguish
ankle pain from subtalar pain. Radiographic changes
do not have to show profound degenerative changes,
as only small alterations in the biomechanics of this
joint can produce significant symptoms.

CONTRAINDICATIONS

The contraindications to this procedure are previously
failed subtalar fusions, gross malalignment requiring
correction, infection, and significant bone loss. On
occasion, a patient with gross malalignment is a can-
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FIGURE 11.3. A, Interosseus talocalcaneal
ligament; B, lateral talocalcaneal ligament; C,
anterior talocalcaneal ligament; D, calca-
neus.
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didate for in situ stabilization. Although significant
bone loss is not frequently encountered, when it does
occur it has not presented a serious problem in a se-
ries of arthroscopic ankle arthrodeses.13

SURGICAL TECHNIQUE

Each patient was treated in an ambulatory surgery
center environment and discharged the same day.
The only exception was the occasional patient
treated at the Veterans Administration (VA) hospi-
tal affiliated with our teaching institution.20 Patients
were given preoperative, intraoperative, and post-
operative antibiotics for a total of three doses be-
cause of the use of internal fixation. General anes-
thesia was used in most cases.

Patients were placed in the lateral decubitus po-
sition with the patient lying on the unaffected side.
Two pillows were placed between the legs and the
affected ankle and subtalar joint were allowed to
hang over a blanket roll in a natural position of plan-
tar flexion and inversion. After thoroughly prepar-
ing and draping the patient, anatomic landmarks and
portal sites were identified and marked with a sur-
gical pen. The tourniquet was then elevated. In gen-
eral, the operative procedure was completed within
one tourniquet time (1 hour 45 minutes).

Establishing the portal sites is one of the more
difficult parts of the procedure. To determine an ac-
curate location for the anterolateral portal, the sur-
geon places his or her thumb in the sinus tarsi while
attempting to invert and evert the subtalar joint. The

portal is in line with the tip of the fibula, approxi-
mately 1 cm distal to the anterior border of the fibula
(Fig. 11.4). The needle is placed slightly posterior
to the sinus tarsi and angled cephalad 20–30 degrees
and posteromedially approximately 45 degrees. The
posterior portal is approximately 1 cm superior to
the tip and 1 cm posterior to the border of the fibula.
It may be established at this time but can also be es-
tablished under direct vision once the arthroscope is
placed in the anterolateral portal via transillumina-
tion. It is critical to predetermine the angles of the
subtalar joint because its unique geometry and lim-
ited access leave little room for error (Figs. 11.5,
11.6). Do not hesitate to use fluoroscopy to confirm
the portal location, if necessary.

These are the two conventional portals. If neces-
sary, an accessory portal may be established ap-
proximately 1 cm posterior to the anterolateral por-
tal. This portal can be used for débridement or for
flow or drainage enhancement. It cannot be used for
visualization. Both anterolateral and posterolateral
portals are used in an alternating fashion during the
surgery for viewing and for instrumentation. Occa-
sionally, significant arthrofibrosis is present, mak-
ing entry and visualization difficult. The accessory
anterolateral portal is quite useful in these cases.

The arthroscope used for this procedure should
be a 2.7 mm, wide-angled, shortened small-joint
arthroscope. It should be equipped with a choice of
sheaths to accommodate limited or increased flow.
The blunt trocar and sheath is introduced through
the anterolateral portal, and the posterolateral por-
tal can be established at this time. In the initial cases,
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FIGURE 11.4. Portal sites for
subtalar arthrodesis. 1, anterolat-
eral portal; 2, posterolateral por-
tal; 3, accessory lateral portal.
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a small laminar spreader was used in the anterolat-
eral portal to increase access. This was later aban-
doned as routine but may still be utilized if distrac-
tion is a significant problem. Arthroscopic resection
of the interosseous ligament may also be used for
additional distraction, but I have not used it to date.

It is important to be absolutely certain the arthro-
scope is in the subtalar joint and that the ankle joint
or the fibular talar recess has not been entered in-
advertently. All débridement and decortication is
done posterior to the interosseous ligament, as only
the posterior facet is fused. The middle and anterior
facets are not visualized under normal circum-
stances unless the interosseous ligament is absent.
Most of the procedure is done with the arthroscope
in the anterolateral portal and the instruments in the
posterolateral portal. The remaining and final
débridement is accomplished alternating these two
portals.

Primary synovectomy and débridement are nec-
essary for visualization, as with other joints. The ar-
ticular surface is débrided, which makes the joint
more capacious and makes instrumentation easier.
Complete removal of the articular surface down to
subchondral bone is the next phase of the procedure
(Fig. 11.7). The talocalcaneal geometry is unique
and requires a variety of instruments. In general,
multiangular currettes and a complete set of burrs
suffice.

Once the articular cartilage has been resected, ap-
proximately 1–2 mm of subchondral bone is re-
moved to expose the highly vascular cancellous
bone. Care must be taken not to alter the geometry
and not to remove excessive bone, as it would lead
to poor coaptation of the joint surfaces. Once the
subchondral plate is removed, small “spot-weld”
holes measuring approximately 2 mm in depth are
created on the surfaces of the calcaneus and talus to
create vascular channels (Fig. 11.8).

The posteromedial corner must be carefully as-
sessed, as residual bone and cartilage may be left
there, which can interfere with coaptation. Often the
currette safely breaks down this corner and provides
the surgeon with additional tactile feedback. The
neurovascular bundle is directly posteromedially
and must be taken into consideration at all times and
protected.

After viewing from both portals to ensure com-
plete débridement and decortication, the tourniquet
is released and the vascularity of the calcaneus and
talus is carefully assessed. The joint is then thor-
oughly irrigated of bone fragments and debris. No
autogenous bone graft or bone substitute is needed
for this procedure.
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FIGURE 11.5. Arthroscopic view of a right posterior sub-
talar joint. A, talus; B, calcaneus; C, posteromedial cor-
ner.

FIGURE 11.6. Arthroscopic view of a left posterior sub-
talar joint. A, talus; B, calcaneus; C, posterolateral portal.

FIGURE 11.7. Posterior subtalar joint, viewing from the
posterolateral portal. A, talus; B, calcaneus; C, sinus tarsi;
D, interosseus ligament.

4530_e11_p183-190  11/7/03  11:48 AM  Page 187



Fixation of the fusion is accomplished with a
large cannulated 7.0 screw. The guide pin is started
at the dorsal anteromedial talus and angled poste-
rior and inferior to the posterolateral calcaneus, but
it does not violate the calcaneal cortical surface. Un-
der fluoroscopy, the guidewire is placed with the an-
kle in maximum dorsiflexion to avoid any possible
screw head encroachment or impingement on the
anterior lip of the tibia. Once the guidewire is placed
under these conditions, the ankle can then be re-
laxed, the screw inserted under fluoroscopic control,
and the fusion site compressed. The screw runs
along the natural axis of rotation of the subtalar joint
using this technique. Starting the screw from the
dorsal and medial aspect of the talus avoids painful
screw head prominence over the calcaneus and
avoids the need for a second procedure to remove
the screw. To date, there have been no fractures or
complications with this fixation technique (Figs.
11.9, 11.10).

Steri-Strips are used instead of sutures to allow
adequate drainage. A bulky dressing and a short leg
bivalve cast is applied. The patient is discharged
home after appropriate circulatory checks in the re-
covery room. The first clinical evaluation takes
place in the office within 48 hours. At approxi-
mately 1 week, the cast is removed and the patient
is fitted immediately with an AFO ankle brace if the
swelling is minimal. Full weight-bearing is allowed
as tolerated at any time following surgery. In gen-
eral, patients can tolerate full weight-bearing with-
out crutch support within 7–14 days after surgery.
Although patients wear the AFO brace almost 24
hours a day, they are able to bathe and take the an-
kle and foot through a range of motion exercise

without the brace. It is removed when full union has
been achieved. The standard three views of the an-
kle plus a Broden view are the radiographs of choice
for follow-up assessments.

RESULTS

Since September 1992 a total of 25 patients have
undergone arthroscopic subtalar fusion with suffi-
cient follow-up to determine the effectiveness of this
procedure. Fusion rate, time until complete union,
surgical technique, and complications were ana-
lyzed. Only one procedure was used, and the method
of internal fixation was not altered during this en-
tire series. The posterior subtalar joint was the only
joint fused during this procedure. Of the 25 patients,
3 underwent combined arthroscopic ankle and sub-
talar fusion. There were eight patients with os-
teoarthritis, 10 with posttraumatic arthritis, two with
rheumatoid arthritis, 4 with posterior tibial tendon
tears and 1 with a talocalcaneal coalition.

Every patient underwent a radiographic evalua-
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FIGURE 11.8. Superior surface of the calcaneus follow-
ing removal of the articular surface, decortication, and
“spot-welding.” A, calcaneus; B, “spot-weld.”

FIGURE 11.9. Broden view of an arthritic posterior sub-
talar joint. A, talus; B, calcaneus; C, subtalar joint.
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tion at 2-week intervals to determine the rate and
quality of fusion. Determining that an arthrodesis is
completely fused requires both clinical and radio-
graphic support. The parameters required for a suc-
cessful arthrodesis are the following: evidence of
bone consolidation across the subtalar joint, no mo-
tion at the screw, clinical absence of pain with
weight-bearing, and pain-free forced inversion and
eversion. The average mean follow-up was 29
months (range 6–120 months). All fusions were suc-
cessfully united clinically and radiographically,
with the average time to complete fusion being 8.9
weeks (range 6–16 weeks).

There are considerable advantages to this tech-
nique when compared to open procedures. It is a
minimally invasive technique that theoretically pre-
serves the blood supply of the calcaneus and talus.
This is especially important considering the fact that
many of these patients have had previous invasive
surgery. By definition, conventional open proce-
dures interrupt the blood supply and compromise
vascular ingrowth and eventual fusion. Avoidance

of incisions coupled with early range of motion and
weight-bearing helps avoid stress deprivation and
enhances proprioception, thereby reducing the dev-
astating effects of reflex sympathetic dystrophy.

COMPLICATIONS

There have been no reoperations, with the excep-
tion of one screw removal. This patient had a painful
screw at the calcaneus where the screw penetrated
the cortex, and the possibility of a stress fracture
was entertained. Symptoms resolved after screw re-
moval. Two patients had some residual anterolateral
pain with some radiographic changes and clinical
evidence of minor degenerative joint disease in the
ankle. Both patients responded with complete relief
to a diagnostic lidocaine (Xylocaine) injection into
the ankle joint. Valgus tilting of the ankle joint fol-
lowing subtalar arthrodesis has been reported, but it
is unclear if it is secondary to the fusion or merely
a natural progression of the disease.21 Two cases
(not included in this series) could not be completed
arthroscopically because of significant malforma-
tion of the calcaneus and arthrofibrosis of the sub-
talar joint. These patients underwent modified mini
open posterior subtalar arthrodesis. The identical
screw fixation and postoperative protocol were used
in these two patients.

Skin problems about the hindfoot can be cata-
strophic and are obviously avoided using this tech-
nique. All arthroscopic procedures have been re-
ported to be associated with a lower incidence of
infection, and one hopes that this procedure will fall
into that same category. There have not been suffi-
cient cases, however, to validate this hypothesis.

Most open surgery series show a longer time un-
til union, with some prevalence of nonunion. Al-
though too early to validate, preliminary observa-
tions indicate a more rapid time until union and an
increased rate of union. There has been a paucity of
literature on isolated subtalar arthrodeses with ade-
quate follow-up statistics over the past 25 years.

CONCLUSIONS

The obvious socioeconomic advantages are quite
dramatic, with early weight-bearing and AFO im-
mobilization, allowing patients an early return to
work. Outpatient surgery is a cost-effective benefit.
Patient satisfaction and comfort are greatly en-
hanced, with only oral pain medication being re-
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FIGURE 11.10. Lateral radiograph of a fused subtalar joint
with a single cancellous screw across the posterior facet.
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quired. All patients have tolerated their postopera-
tive regimen and same-day discharge.

Arthroscopic subtalar arthrodesis is a technically
demanding procedure that requires the surgeon to
have some rather advanced arthroscopic skills. Joint
access is tight and restricted, and the procedure re-
quires small instrumentation. Deformities cannot be
corrected; therefore at this stage, the procedure must
be considered fusion in situ. The learning curve is
steep because of the small number of patients avail-
able to enhance the physician’s surgical skills.

Overall, this procedure has stood the test of time
and follow-up. The results appear to be excellent in
terms of patient satisfaction, fusion rate, time until
union, and postoperative morbidity. The recognition
and enhancement of this technique and the devel-
opment of more advanced technology will certainly
allow arthroscopic subtalar arthrodesis to mature
even more over time.
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chapter 12

Arthroscopic Excision of the 
Os Trigonum

Richard O. Lundeen

The biomechanical secrets of the subtalar joint have
long been unlocked by anatomists. Yet because of
its size and relative unimportance compared to
larger joints, little attention has been given to it by
arthroscopic surgeons. Other than fusion, resection
of the symptomatic os trigonum is perhaps the most
common surgical procedure performed on the sub-
talar joint.

The os trigonum is an often confusing structure in
that it occupies the most posterior aspect of the talus.
This portion of the talus has a prominence with two
tubercles between which lies a groove for passage of
the flexor hallucis longus tendon. The medial tuber-
cle is small and wide, whereas the lateral tubercle is
large and often presents a secondary ossification cen-
ter that may or may not form a bony bridge to the ta-
lar body. A process that appears separate from the
talus is termed an “os trigonum” (Fig. 12.1). If there
is no break in the continuity of the lateral talar process
with the talar body, the posterior process appears elon-
gated and is termed “Stieda’s process” (Fig. 12.2),
named after German anatomist Ludwig Stieda.

Specifically, the os trigonum is part of the sub-
talar joint, located in the posterior aspect of the pos-
terior calcaneal facet of the subtalar joint (Fig. 12.3).
It occupies the superior portion of that joint, form-
ing the roof of the talar component; but it frequently
has its own articular surface with the underlying
posterior calcaneal facet (Fig. 12.4). Its shape and
size vary, and it may appear attached or unattached
to the talus (observations that are not directly re-
lated to symptomatology).

On the lateral posterior aspect of the talus is a
more prominent area that contains two tubercles.
The medial tubercle is small and wide with a lateral
groove for passage of the flexor hallucis longus ten-
don. The posterior tibiotalar ligament attaches to this
tubercle. Adjacent to the groove for the flexor hal-
lucis longus tendon is a larger lateral tubercle re-
ferred to as the lateral talar process or trigonal
process. It has the origin of the posterior talocal-
caneal ligament, which is a short, strong ligament
that anchors the lateral talar process. The lateral tu-
bercle of the talus can be attached directly to the
talus or appear as a visible secondary ossification
center attached with a synchondrosis. It can also ap-
pear as a free ossicle unattached to the talus.

The flexor hallucis longus tendon encroaches on
the lateral talar process and is separated by a fibrous
“tunnel” that is attached to the medial surface of the
process. Adjacent to the origin of the lateral talar
process is the trochlear surface of the talus, which
takes the insertion of the posterior talofibular liga-
ment. Familiarity of the anatomic area between the
attachment of these ligaments is of utmost impor-
tance, as it is where the process is resected.

The talus sits on the calcaneus at an angle of ap-
proximately 30 degrees internally rotated in the
transverse plane. This places the posterior process
quite medially along with the entire posterior talar
border. Perhaps this is why some surgeons risk a
medial surgical approach when excising the os
trigonum. Even though this practice places the
process deeper to the lateral cutaneous structures of
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the foot, it creates a unique situation, allowing the
talar process to be not only the most posterior talar
component but to have its access perpendicular to a
point located at the junction of the superior surface
of the calcaneus and the posterior surface of the 
peroneal tendons. A portal placed at this level is 
perpendicular to the long axis of the trigonal
process, allowing an osteotome to be inserted to ex-
cise the process from the body of the talus.

SYMPTOMATIC OS TRIGONUM

Posterior ankle pain, discussed frequently in the lit-
erature, is often described as being difficult to di-

agnose. Perhaps this is due to a traumatic injury
healing spontaneously or to the fact that patients of-
ten put up with residual pain as acknowledgment of 
having sustained the injury. Often lifestyle modifi-
cations are required to prevent exacerbating the 
condition.

DIAGNOSIS OF A SYMPTOMATIC 
TRIGONAL PROCESS

Diagnosis of a symptomatic os trigonum is difficult,
as it may be due to acute or chronic pathologies.
Acute injuries may not appear any different from
chronic ones. Pain often appears in other anatomic
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FIGURE 12.1. Lateral radio-
graph showing an os trigo-
num.

FIGURE 12.2. Lateral radio-
graph showing Stieda’s pro-
cess.

4530_e12_p191-200  11/7/03  11:50 AM  Page 192



areas secondary to compensation. In addition, pain
may be present in the absence of trauma, and radio-
graphs may show an identical “lesion” in the op-
posite ankle. Most surgeons agree that the os
trigonum occasionally causes a distinct set of symp-
toms that can be alleviated by excising this acces-
sory bone.1 This “set of symptoms” varies and has

been called talar compression syndrome,2 os
trigonum syndrome,3 or posterior ankle impinge-
ment.4

Diagnostic pitfalls for symptomatic os trigonum
vary. Often considerable peroneal tendon problems
result from the subtalar pathology, inciting spastic-
ity or compensation from other muscle groups. Pro-
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FIGURE 12.3. Sectioned
specimen showing the poste-
rior subtalar facet (A), joint
pouch (B), and lateral talar
process (C). (Courtesy of G.
Bauer, Pennsylvania College
of Podiatric Medicine.)
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FIGURE 12.4. Anatomy of the posterior as-
pect of the subtalar joint. A, tibia; B, fibula;
C, calcaneus; D, talus; E, medial talar
process; F, lateral talar process; H, poste-
rior tibiotalar ligament; I, posterior tibiotalar
ligament; J, posterior talofibular ligament; K,
calcaneofibular ligament; L, fibrous tunnel
for passage of the flexor hallucis longus ten-
don. Watch for inadvertent contact with the
flexor hallucis longus tendon or the cal-
caneal facet. The posterior tibiotalar liga-
ment and the fibrous sheath of the long
flexor tendons must also be released.
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tective splinting of the foot in a supinated position
prevents compression of the ossicle by the tibia.
Traumatic fractures more than 3 months old begin
to present radiographically with rounding of the
fracture line, making the trigonal process appear as
an accessory ossicle. In addition, there are no spe-
cial radiographic views to aid in the diagnosis. Bone
scans can be helpful but are not consistently posi-
tive for pathology in symptomatic feet.5

Consistent symptoms have been reported includ-
ing a decreased amount of plantar flexion of the foot
on the affected leg compared to the unaffected side,
pain on palpation posterior to the talus and anterior
to the Achilles tendon, increased pain with ankle
joint plantar flexion, and pain with passive dorsi-
flexion of the hallux.6 These symptoms are brought
on by the “nutcracker” effect of the trigonal process
being compressed between the tibia and calcaneus
with plantar flexion of the talus and from the close
relation between the lateral talar process and the
flexor hallucis longus tendon.

MECHANISM OF TRIGONAL 
PROCESS INJURY

The trigonal process can become a source of pain in
two situations: trauma or repetitive stress. Trauma is
perhaps the most common cause, evidenced by an
acute onset of ecchymosis, edema, and a fracture line
if the trigonal process has been separated from the ta-
lar body. A separate, or free, os trigonum would not
show a fracture line owing to the synchondrosis, and
it is not usually displaced, although with a severe
enough injury this can occur. The mechanism of the
injury that causes fracture of the trigonal process is
a triplanar supinator injury or a severe plantar flexor
force. Therefore inversion ankle sprains are the most
common cause of the symptomatic os trigonum.

Repetitive stress is caused by overuse or faulty bio-
mechanics. Overuse can be precluded by an unusu-
ally large Stieda’s process or os trigonum. A large,
degenerated calcaneal component under the talar
process is frequently observed. Biomechanical con-
siderations are important, as excessive subtalar prona-
tion causes the talus to adduct, plantar-flex, and move
anteriorly relative to the calcaneus, moving it in the
opposite direction. The trigonal process is caught in
the middle but is strongly anchored by the posterior
talocalcaneal ligament. A synchondrosis creates a
stress riser that can induce fracture. A long trigonal
process or free os trigonum is pulled in opposite di-
rections by the two ligaments attaching the posterior

trochlear surface of the talus and talar process. In the
talar process, concentrating forces can lead to fracture
at the small osseus area in between. Injuries caused
by repetitive stress can occur with normal activities at
home or at work, during sports such as running and
soccer, or during dance, especially ballet.

With cases of fracture or repetitive stress, symp-
toms are initiated by movement of the trigonal
process in the posterior facet of the subtalar joint.
Typical inflammatory changes occur, including hy-
pertrophy of the synovial villi, injection of the 
central vessel of villous formation, production of a
fibrin exudate, or gradual necrosis of the villi and
fragmentation of the villous tips (Fig. 12.5). Hyalin-
ization can occur, forming a meniscoid lesion; or
there may be adhesive capsulitis due to trauma or
severe inflammatory changes.

CONSERVATIVE TREATMENT

Acutely inflamed trigonal lesions are treated usually
with rest, ice, elevation, and a compression dressing.
Recent fractures require casting for 6–8 weeks. The
use of an Unna’s boot, cast brace, or crutches may also
be helpful. Chronic or acute injuries that do not re-
spond to conservative methods after a 3-month period
are subjected to a local injection that is of both diag-
nostic and therapeutic value.7 Often this is done with
1 cc of an equal combination of 2% lidocaine and dexa-
methasone phosphate placed in the posterior aspect of
the subtalar joint. For diagnostic purposes, a small
amount of local anesthetic can be injected directly into
the area of the trigonal process. After several minutes
the patient can walk on the affected foot with the pain
significantly reduced, confirming the diagnosis. A
nonrepository steroid can then be injected into the area
and the patient followed up a week later. Because of
the close correlation between the trigonal process and
function of the subtalar joint, a biomechanical foot
strapping (i.e., plantar rest strap, low dye with a lon-
gitudinal and medial pad) or an orthotic device can be
prescribed as a conservative form of treatment.

SURGICAL TECHNIQUES

Traditional Surgical Procedures

Traditional surgical approaches for the symptomatic
trigonal process are a linear incision or a combina-
tion of linear and curvilinear longitudinal incisions
lateral or medial to the Achilles tendon. The lateral
approach is more common, as the posteromedial
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neurovascular bundle is then not at risk. The inci-
sion is deepened to the level of the posterior cal-
caneal facet, which is then opened to expose the tri-
gonal process. This is more difficult with a lateral
approach because of the depth at which the process
lies: It rests more medially, making the medial ap-
proach easier for some surgeons. Once identified,
the process is sharply dissected, resected from the
body of the talus, and removed through the incision.

Arthroscopic Surgical Procedure

Instrumentation

The instruments used to resect the trigonal process
are similar to those used for ankle arthroscopy. A
4.0 mm 25 degree oblique arthroscope can be used,
although smaller ones may be considered depend-
ing on the surgeon’s preference. Along with the
arthroscope, a compatible light source, light guide,
camera, monitor, and shaver are required. A 4.0 mm
full-radius blade is used in the shaver. In addition
to this equipment, the usual probes, graspers, and so
on are needed. A small Lambotte osteotome is re-
quired along with a small nylon-headed mallet.

Portals of Entry

The patient is placed in a lateral recumbent (decu-
bitus) position. A leg holder is not required. The leg
is elevated for exsanguination, and a thigh tourni-

quet is inflated to an appropriate pressure. Once the
patient is secured, the foot can be prepared and
draped at the discretion of the surgeon. The lateral
side of the foot is exposed, and superficial anatomic
structures of the ankle and heel are marked or ob-
served. The posterior aspect of the ankle and sub-
talar joint are palpated to locate the fibula and ad-
jacent peroneal tendons and the superior surface of
the calcaneus. At the juncture of the superior cal-
caneal surface and posterior aspect of the peroneal
tendons, a small cutdown portal incision is made,
and a hemostat is used to retract any underlying vi-
tal structures. A second portal is made 2.5–3.0 cm
above the first portal, directly behind the peroneal
tendons (Fig. 12.6). Following the incision, a he-
mostat is used to retract any soft tissue structures.

Access to the Posterior Facet

Using an obturator, such as the one used to place
the arthroscopic cannula, the incisions are deepened;
and the posterior recess of the posterior facet of the
subtalar joint is identified and palpated. Using the
obturator as a probe, the foot is inverted and everted
to locate the joint. Care must be exercised not to ac-
cess the ankle inadvertently. The ankle is detected
through dorsiflexion and plantar flexion, whereas
the subtalar joint is detected by pronation and
supination of the foot. Once a channel has been
made to the posterior aspect of the joint in both por-
tals, the obturator is removed, inserted into the
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FIGURE 12.5. Acute hyper-
trophic hemorrhage synovitis
(A) above the calcaneal com-
ponent of the posterior talar
facet (B).
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arthroscopic cannula, and then placed in either por-
tal. The inferior portal is usually used initially. It is
now more difficult to palpate the posterior aspect of
the joint to place the cannula. When the cannula is
placed on the posterior aspect of the joint, the ob-
turator is removed and the arthroscope inserted.
Ingress of fluid is through tubing applied to the stop-
cock on the arthroscopic cannula with the aid of a
powered infusion system. The irrigating system is
turned on, and the force of the ingress fluid is used
to “distend” the soft tissue at the posterior aspect of
the joint, allowing the capsule to be visualized. Once
seen, a shaver is used to make a rent in the capsule,
thereby allowing visualization of the cartilage or
joint surfaces of the posterior aspect of the poste-
rior facet of the subtalar joint.

Upon initial entry into the joint, identification of
the posterior capsule is aided by the typical reddish
appearance of the hypertrophic synovium in the un-
derlying joint pouch. Because the capsule is thin 
in this area, the brownish-red tint of the synovium is
visible, aiding the orientation of the arthroscopist as
to the proper placement of the arthroscope (Fig. 12.7).

Once the rent has been made in the capsule, a por-
tion of the facet should be visible. The shaver is fur-
ther used to perform a capsulotomy, which allows
full visualization of the anatomic structures in the
area. The position of the subtalar joint, again, must
be confirmed by observing motion when inverting
and everting the foot, verifying correct placement.
Once verified, the capsulotomy is continued until all
necessary anatomic structures are seen. In most cases

the surface of the talus medial to the lateral process
must be identified first and then followed anteriorly,
looking for the separation or the fibrous synchon-
drosis between the talar body and the os trigonum.

Resection of the Trigonal Process

An os trigonum that is free and fully mobilized is
easily pushed aside by the shaver, making direct vi-
sualization difficult. When the posterior talar facet
can be identified, the shaver is used to free all soft
tissue behind it, allowing the os trigonum to be vi-
sualized. When freed, the posterior talocalcaneal lig-
ament and fibers attached to the fibrous tunnel
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FIGURE 12.6. Two stacked
portals are used for passing
instruments during arthro-
scopic resection of an os
trigonum.

FIGURE 12.7. Posterior talar facet. A, posterior talar joint
line; B, calcaneal facet; C, chronic hypertrophic synovitis.
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around the flexor hallucis longus tendon are still at-
tached and must be released prior to resection. This
can be done with an arthroscopic knife (“banana
blade”) or by securing the loose process with a
grasper and rotating it in a circular motion to force
avulsion of the soft tissue holding the ossicle.

A nonfree os trigonum is treated differently. A
synchondrosis identifies the trigonal process (Fig.
12.8). Once identified and freed of soft tissue, a
curved banana blade is inserted into an adjacent por-
tal, and the posterior infracalcaneal facet is incised.
Once free, the blade is removed from the portal, and
a small Lambotte osteotome is inserted and brought
into vision at the level of the synchondrosis. Be-
cause of the orientation of the talus on the calca-
neus, a lateral portal, placed as described behind the
peroneal tendons, forms a plane perpendicular to the

axis of the lateral talar process, allowing accurate
resection from the talar body (Fig. 12.9). After an
osteotome is brought to the level of the synchon-
drosis, care must be exercised to ensure that it is ori-
ented vertical to the plane of the joint line of the
posterior facet. This allows flush resection of the os-
sicle from the posterior surface of the talus. It can
be done by orienting the point of the osteotome in
a plane perpendicular to the cartilaginous surface of
the talar component of the posterior facet. A mallet
is then used to drive the osteotome across the syn-
chondrosis, freeing it from the talus. The fragment
is still attached to the posterior tibiotalar ligament
and the fibrous tunnel of the long flexor tendon to
the hallux. These structures are released by sec-
tioning with a knife or are avulsed by blunt dissec-
tion. If the ossicle breaks into pieces, care must be
taken to remove all fragments. In these instances the
shaver should be used to débride the surgical site
further to visualize any remaining fragments.

Stieda’s processes are resected similar to the non-
free os trigonum, in which a synchondrosis is present.
In these cases the curved posterior portion of the tri-
gonal process is identified at the level of the talar body.
It is the same level at which the synchondrosis occurs
and is directly in front of the talar attachment of the
posterior talofibular ligament (Fig. 12.10) and behind
the posterior talocalcaneal ligament. In place of the
synchondrosis is the posteriorly curved portion (Fig.
12.11) of the trigonal process coursing away from the
talar body. It is at the start of this curved portion that
the osteotome is inserted and the process excised from
the talus (Fig. 12.12). The posterior talocalcaneal lig-
ament should first be incised and the fragments re-
moved as described for the free os trigonum.
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FIGURE 12.8. Note the os trigonum (A), synchondrosis
(B) with probe inserted, fibers of the posterior talofibular
ligament (C), and the calcaneal facet (D).

A

B

C

FIGURE 12.9. Lateral aspect of the foot show-
ing the osteotome in the superior portal (A) and
the os trigonum in the inferior portal (B) directly
behind the peroneal tendons (C).
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Once the ossicle has been removed, the flexor
hallucis longus tendon should be visible (Fig.
12.13). The tendon can be inspected for synovitis or
other changes. Finally, the posterior aspect of the
talus should be checked to make sure the process
has been resected flush from the talus without leav-
ing any remains. The joint is inspected for any fur-
ther bony fragments or debris, after which the
arthroscopic equipment is removed from the portals.

The incisions are closed with simple sutures of
5-0 nylon, and a mild compression dressing is ap-
plied. Prior to wound closure, the surgical site is in-
filtrated with 10 cc of a combination of 8 cc bupiv-
acaine and 2 cc dexamethasone phosphate.

Postoperative Care

An above-the-ankle compression dressing is used on
all patients. Most patients are placed in a cast brace
and allowed to ambulate after the first 48 hours,
bearing full weight on the operated foot. The patient
is seen weekly. On the first postoperative visit, ra-
diographs are obtained to verify excision of the os
trigonum, and a compression dressing is reapplied.
Sutures are removed on the second postoperative
visit, and the compression dressing is reapplied. At
the third postoperative week, if there is no pain on
ambulation and minimal swelling an elastic wrap
can be applied and the patient allowed to ambulate
in the cast brace. If swelling persists, a compression
dressing is continued until it subsides.

On approximately the fourth week following
surgery, ambulation is allowed in a soft, oversized
shoe using the cast brace as needed and increasing
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FIGURE 12.13. Resected posterior talar process expos-
ing the talus (A), calcaneal facet (B), and flexor hallucis
longus tendon (C).
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FIGURE 12.10. Note the talar facet (A), calcaneal facet
(B), posterior talofibular ligament (C), and start of the pos-
terior talar process (D).

FIGURE 12.11. Osteotome placed perpendicular to the
talar facet at the slant of the posterior talar process of the
calcaneal facet.

FIGURE 12.12. Note the fibers of the posterior talofibu-
lar ligament, osteotomized Stieda’s process, osteotome,
and calcaneal facet.

A

B

C
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the amount and extent of walking. Physical therapy
is used postoperatively at the discretion of the sur-
geon, usually following the clinical pathways for an
acute ankle sprain.

ARTHROSCOPIC RESECTION OF 
THE OS TRIGONUM

Clinical Results

With continued utilization of the arthroscope for ex-
cising the trigonal process, the advantages over the
open method are becoming increasingly more evi-
dent. A retrospective review of nine of my patients
who underwent arthroscopic resection of the trigonal
process further supports the advantages over the open
method. The patient population consisted of five fe-
males and four males, with the procedure performed
between 1993 and 1998. The average age of the pa-
tients was 29.8 years (range 13–71 years). Evidence
of the presence of symptomatic os trigonum was con-
firmed clinically and radiographically. Conservative
care, including rest, ice, elevation, application of a
compression dressing, and local injection, did not sig-
nificantly relieve the symptoms in these patients. Be-
cause of this lack of relief, I performed arthroscopic
resection of the symptomatic trigonal process. A re-
view of the postoperative course reveals that the av-
erage return to regular shoe wear was 28 days (range
26–54 days), and the average discharge time after
surgery was 52.25 days (range 36–70 days).

Martin8 reported on the postoperative course af-
ter using an open repair method, which included 2
weeks of no weight-bearing below the knee cast fol-
lowed by a weight-bearing cast for another 2 weeks.
Subsequent physical therapy was initiated after
range of motion became pain-free. They emphasized
the fact that complete recovery may take up to 6
months. When comparing this to the arthroscopic
method, it is clearly evident that a much quicker re-
covery period, including earlier return to wearing
shoes and an earlier discharge time, is achieved
when utilizing the arthroscopic method.

Complications

Arthroscopic resection of the os trigonum can result
in complications similar to those seen with tradi-
tional open procedures. The greatest risk is entrap-
ment of the sural nerve due to inadvertent portal
placement. To avoid this problem, the portal must
be placed directly behind the peroneal tendons and

a mosquito hemostat used to retract soft tissue struc-
tures under the skin incision. Also, do not use a tro-
car instead of the arthroscopic obturator. The obtu-
rator is sharp enough to place the cannula without
inflicting inadvertent nerve or articular damage.

The peroneal tendons can be damaged if they are
traumatized arthroscopically. To avoid this, place
the arthroscopic cannula behind them and, when
cleared, direct it anteriorly and inferiorly toward the
posterior facet.

The flexor hallucis longus tendon can be dam-
aged by overzealous shaving of the adjacent soft tis-
sue structures or by using the osteotome or grasper.
Watch for concurrent plantar flexion of the hallux
to indicate contact with this structure.

Bony fragments can remain when removing the os
trigonum in pieces. Inadequate resection of the trigo-
nal process can result if it is not fully visualized or if
the osteotome is used to resect it at an inadvertent an-
gle, leaving portions of the lateral process. When there
is no separation of the os trigonum from the talus, it
is best to err on the side of too little resection of the
process rather than osteotomize the talar body.

Arthroscopic resection of the os trigonum is an ad-
vanced procedure that requires an experienced arthro-
scopist. One of the most difficult tasks when per-
forming arthroscopic resection of the os trigonum is
the demand on the surgeon not to be one-hand dom-
inant. Right-handed surgeons have an easier time on
left ankles. Right ankles require the surgeon to watch
the monitor backward for proper orientation.
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chapter 13

Endoscopy for Excision of
Haglund’s Deformity and 
Retrocalcaneal Bursitis

Richard O. Lundeen

Pain at the posterosuperior aspect of the heel at or
near the insertion of the Achilles tendon has been
labeled with various terms, such as a “pump bump,”
Haglund’s disease or deformity, achillobursitis,
achillodynia, retrocalcaneal bursitis, retrocalcaneal
bursitis, and bursitis retrocalcaneus.

Variations in the surgical treatment of Haglund’s
disease involve exostectomy of the posterosuperior
aspect of the calcaneus with or without calcaneal os-
teotomy; the differences are mainly concerned with
the incisional approach used. Approaches include a
caudally based semielliptical incision across the
posterior aspect of the heel,1 a lateral linear incision
parallel to the Achilles tendon,2 or a medial linear
incision along the Achilles tendon curving laterally
across its insertion.3 Remodeling of the posterosu-
perior aspect of the calcaneus varies among patients.
Removal of too little bone might not cure the con-
dition, and removal of too much bone could weaken
the attachment of the Achilles tendon, possibly lead-
ing to rupture.4

ARTHROSCOPY OF THE 
POSTERIOR HEEL

The first presentation of a case where an arthroscope
was used to assess the retrocalcaneal recess was by
Nagai in 1985. He reported a 1979 case wherein 

he identified the Achilles tendon and an avulsed 
portion of its insertion from the calcaneus.5 Arthros-
copy of the retrocalcaneal bursae was reported by
Zimmer and Meyers,6 and Frey7 forecast endoscopic
evaluation of Haglund’s deformity and Achilles ten-
dinitis. Arthroscopic resection of the retrocalcaneal
bursae and Haglund’s deformity along with a de-
scription of the entry portals and the surgical tech-
nique appeared in 1997.8

INDICATIONS

Haglund’s disease is verified by pain on palpation
of the retrocalcaneal area in front of the Achilles
tendon above its insertion. Radiographs show a
prominence of the posterosuperior aspect of the cal-
caneus. Initial attempts at treatment may include
changes or modifications of footwear, addition of a
heel lift, and use of antiinflammatory medications.
Often injection of a small amount of lidocaine and
dexamethasone phosphate into the retrocalcaneal
bursal area is helpful, but excessive injections or in-
jection into the Achilles tendon can predispose to
rupture of the tendon; therefore discretion must be
exercised. Control of the function of the foot is 
important, and often various foot strappings and or-
thotic devices are employed. Cases that do not re-
spond with aggressive conservative care are candi-
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dates for arthroscopic resection of the retrocalcaneal
bursa and Haglund’s deformity.

Several pathologic conditions can appear in the
same area, which must be differentiated for cor-
rect treatment to resolve the particular problem.
The differential diagnosis includes rheumatic dis-
orders (usually bilateral and not responsive to me-
chanical therapy), traction exostosis (visible
spurring in the middle one-third of the posterior
calcaneus), bursitis (superficial or deep) of the
Achilles tendon at or above its insertion, a promi-
nent superior surface of the calcaneus, and bio-
mechanical or functional abnormalities. A promi-
nent posterosuperior surface of the calcaneus is
generally referred to as Haglund’s deformity when
it is in the sagittal plane. Frontal plane abnormal-
ities place the posterosuperior surface of the cal-
caneus laterally and are commonly referred to as
a posterosuperior lateral retrocalcaneal exostosis,
or “pump bump.”

Biomechanical conditions are important because
in a supinated or cavus foot the posterosuperior sur-
face of the calcaneus is prominent laterally, leading
to irritation by the counter of a shoe. This foot type
also tends to have a tight Achilles tendon, which can
lead to pain or insertional tendinitis. The adult
pronated foot often presents with a tight heel cord
that can also lead to insertional tendinitis or irrita-
tion of the bursa between the Achilles tendon and
the superior calcaneal surface.

Arthroscopic treatment for Haglund’s deformity
is useful only for resecting the posterosuperior sur-
face of the calcaneus and the bursa and soft tissue
interposed between it and the Achilles tendon.

SURGICAL TECHNIQUE

The anatomy of the posterosuperior aspect of the
calcaneus is straightforward and uncomplicated
(Fig. 13.1). It is rounded with its superior surface
coursing inferior to the attachment of the Achilles
tendon (Fig. 13.2). The surface of the calcaneus is
often covered with cartilaginous-appearing hyalin-
ized tissue, thickened periosteum, or both. Often
bursal tissue can be identified that consists of red-
dish synovium-like tissue or there are synovial villi,
which can be acute (evidenced by a central injected
vessel) or chronic (evidenced by the presence of fi-
brous tissue). Considerable amounts of fat are in this
area as well. The Achilles tendon arises from the
middle one-third of the posterior aspect of the cal-
caneus and courses superiorly, with its linear opaque
fibers producing its characteristic appearance. With
degeneration, the tendon becomes opaque and can
become frayed or covered with fibrous tissue. Sim-
ilarly, the posterosuperior aspect of the calcaneus
can become fibrous and lose its normal glossy
translucent appearance.

The instruments required for arthroscopic resec-
tion of Haglund’s deformity and retrocalcaneal bur-
sitis are those used for standard ankle arthroscopy,
including a 4.0 mm or 2.7 mm 30 degree oblique
arthroscope and accompanying obturators, trocars,
cannulas, light source, light guide, and shaver. A 4.0
mm full-radius blade for the shaver is also needed,
along with small probes, curettes, bell rasp, Lam-
botte osteotomes, and a nylon-headed mallet. The
usual graspers or curved mosquito hemostats are
also required.
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FIGURE 13.1. Anatomy of the posterior heel. A,
Achilles tendon; B, sural nerve; C, retrocalcaneal re-
cess; D, calcaneus; E, peroneal tendons; F, inser-
tion of Achilles tendon in the posterior one-third of
the calcaneus.
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The patient is placed in a prone position without a
leg holder. The leg is elevated for exsanguination, and
a thigh tourniquet is inflated. The foot can then be pre-
pared and draped in the usual manner (Fig. 13.3).

The anatomic landmarks at the posterior aspect
of the heel are identified. The junction of the pos-
terosuperior surface of the calcaneus and the
Achilles tendon is palpated medially and laterally;
it is here that the portals are placed. A small cut-
down incision is made on the medial and lateral as-
pects of the heel at the junction of the superior sur-
face of the calcaneus and the Achilles tendon both
medially and laterally. An incision is made perpen-

dicular to the heel cord, and a curved mosquito he-
mostat is used to retract any vital structures under
the incision. The obturator used to place the arthro-
scopic cannula is then used to create a channel be-
tween the medial and lateral portals and the space
between the heel cord and the calcaneus. The obtu-
rator can also be used to palpate the anatomic areas
including the insertion of the Achilles tendon and
the smooth pseudocartilaginous surface of the su-
perior aspect of the calcaneus for orientation at the
anatomic site. Haglund’s deformity should be
probed in its entirety, emphasizing the extent of the
deformity superiorly and anteriorly toward the su-
perior surface of the calcaneus and talus.

The Achilles tendon expands laterally and medi-
ally around the back of the heel. Medial expansion
is thicker and larger than lateral expansion. With
large Haglund’s deformities, the posterior surface of
the calcaneus is significantly above the insertion of
the Achilles tendon. Once these prominences have
been resected, the portal is relatively higher, above
the insertion of the heel cord. Therefore portals for
large Haglund’s deformities should be placed below
the bony junction with the tendon. This prevents
greater obliquity of the view of the retrocalcaneal
area, which can make bone resection more difficult.

Vital structures other than the Achilles tendon in-
clude the sural nerve and saphenous veins anterior
to the lateral portal. Medially, the neurovascular
bundle lies anterior to the medial portal, with the
medial calcaneal branch of the posterior tibial nerve
at the most risk.
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FIGURE 13.2. Note the retrocalcaneal recess, Achilles
tendon (A), posterosuperior surface of the calcaneus (B),
inflamed tendon tissue (C), hypertrophic inflammatory tis-
sue (D).

(A)

(C)

(B)

FIGURE 13.3. Arthroscopic
setup for resection of Hag-
lund’s deformity. The arthro-
scope is placed laterally (A),
and an osteotome is placed
medially (B).
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Once the area has been probed and a channel
made into the space between the Achilles tendon
and the calcaneus, the arthroscope is placed into ei-
ther portal in the usual manner. Ingress is achieved
by use of a powered infusion system through the
cannula, and the retrocalcaneal area is inspected.
Synovial tissue can be identified by the presence of
injected vessels and hypertrophic synovial villi. A
distinct bursal sac in this area is not usually identi-
fied. In addition to the synovial tissue, the area is
laden with fat cells, and at times thickened perios-
teum can be seen along with fibrous tissue on the
calcaneus or Achilles tendon.

The shaver is placed in the opposite portal and
brought into view of the arthroscope (Fig. 13.4). The
retrocalcaneal bursa and other soft tissue structures on
or in front of the Achilles tendon are next resected.
Once the retrocalcaneal area has been cleared of all
soft tissue and the shaver is removed, a small os-
teotome is inserted into the opposite portal and brought
into visualization. The upper portion of Haglund’s de-
formity is resected initially, and then the deformity is
gradually resected down to the level of insertion of
the Achilles tendon in the middle one-third of the cal-
caneus. Care must be exercised that this surface of the
calcaneus is resected at an approximately 45 degree
angle to the plantar aspect of the foot, making sure not
to leave a bony spicule at the superior aspect of the
calcaneus (Fig. 13.5). It can be checked by palpating
the superior surface of the calcaneus with a probe, os-

teotome, or shaver to ensure that no step-down defect
exists. Following careful resection of the posterosu-
perior aspect of the calcaneus with the osteotome, the
fragments are removed using a small grasper or a mos-
quito hemostat. Once the resection is complete, the su-
perior surface of the calcaneus should be resected from
the insertion of the Achilles tendon posteriorly and an-
teriorly at an approximately 45 degree angle onto the
superior surface of the calcaneus (Fig. 13.6). To as-
sist this move, a small bell rasp can be inserted into
the retrocalcaneal space and the calcaneal surface 
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(A) (B)

FIGURE 13.4. Proper placement of the arthroscope (A)
and shaver (B) relative to Haglund’s deformity.

(A)

(B)
(C)

FIGURE 13.5. Orientation of the plane of the osteotome
(A) relative to Achilles tendon (B) and the arthroscope (C).

(A)

(C)

(D)

(B)

FIGURE 13.6. Plane of the osteotome (A) needs to be 45
degrees from the Achilles tendon (B) for proper resection
of the calcaneus (C), as it is carefully resected from the
tendon’s uppermost insertion (D).
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gently remodeled to ensure that a smooth transition
exists (Fig. 13.7). Once smoothed, the shaver is again
inserted to remove any bony fragment or fibrous tis-
sue that remains at the surgical site (Fig. 13.8).

The arthroscope should then be placed in the op-
posite portal and that area checked for any osseous
defects or particulate matter, which is then treated
appropriately. A particular concern is any bony ir-
regularity at the opposite portal left by inadequate
resection of the calcaneus directly under the point
at which the arthroscope had been placed. Again the
surgical site can be smoothed with the bell rasp. The
full-radius shaver is used for final débridement of

the area. When the procedure is finished, the arthro-
scopic equipment is removed from the portals and
the incisions closed with a simple suture of 5-0 ny-
lon. A mild compression dressing is applied, and the
tourniquet is released.

After applying the mild compression wrap, a sur-
gical shoe or a cast brace is applied, if warranted.
Radiographs are obtained during the first postoper-
ative visit, and the foot and ankle are covered again
in a compression dressing. This compression dress-
ing is changed weekly for 3–4 weeks, after which
time the patient is allowed to increase ambulation
in a soft shoe. If the swelling persists, an elastic
wrap is utilized; or if pain persists after surgery, a
cast brace is recommended. Physical therapy can be
instituted at the discretion of the surgeon or can be
performed on an at-home basis by the patient.

COMPLICATIONS

Complications of arthroscopic Haglund’s resection
are similar to those of open techniques and include
medial calcaneal or sural nerve entrapment by in-
advertent anterior lateral portal placement, injury to
the Achilles tendon by overaggressive shaving, in-
advertent under- or overresection of bone, or resid-
ual bony fragments in the surgical site.

Small bony fragments in the soft tissue around
the surgical site may be seen on postoperative radio-
graphs. They are of no consequence and should not
present later problems. Incisional sloughing has not
occurred even when resecting large deformities.

Technically, the procedure is somewhat de-
manding; but because of the subcutaneous nature 
of the deformity and easy palpation of the surgical
site with instrumentation, most experienced arthro-
scopic surgeons are able to perform it. Because the
operative site is subcutaneous, falling out of the in-
cision is common during the procedure, and a steady
hand is needed.

Nerve entrapment is a rare complication because
of the portal placement. Moreover, owing to the
nonaggressive nature of the full-radius shaver, in-
advertent trauma to the Achilles tendon should not
occur. Inadvertently leaving a dorsal spicule should
not present a problem because of the frequent prob-
ing of the superior aspect of the resected portion of
the calcaneus. Perhaps the least common complica-
tion is overzealous resection of the posterosuperior
aspect of the calcaneus, or “chasing the bump,” as
is common with the open procedures. By directly
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FIGURE 13.7. Small bell rasp (A) is useful for smoothing
the resected calcaneus (B) away from the Achilles ten-
don (C).

C
F

E

A

B

D

FIGURE 13.8. A 3.5 mm full-radius shaver (A) is used for
final débridement of the retrocalcaneal recess including
the Achilles tendon (B), whose fibers now appear normal
following resection of fibrous tissue (C). The tendon’s in-
sertion (D) should be free of debris, the resected calca-
neus smooth (E), and its superior portion rounded (F).
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visualizing the retrocalcaneal area, one can deter-
mine that an adequate amount of calcaneus has been
resected and, under direct visualization, ensure that
the insertion of the Achilles tendon has not been
compromised (Figs. 13.9, 13.10).
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FIGURE 13.9. Preoperative lat-
eral radiograph of a patient with
symptomatic retrocalcaneal bursi-
tis and a prominent posterosupe-
rior calcaneal tuberosity. (Cour-
tesy of T. Zimmer.)

FIGURE 13.10. Postoperative ra-
diograph of the patient in Figure
13.9. (Courtesy of T. Zimmer.)
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chapter 14

Arthroscopy of the First 
Metatarsophalangeal Joint

C.N. van Dijk

The development of small instruments has made
arthroscopy in small joints possible. Arthroscopy of
the elbow and wrist have become routine procedures.1

Arthroscopy in small joints was first described by Bur-
man (New York), who performed six wrist and three
ankle arthroscopies on autopsy specimens.2 In 1939
Tagaki described arthroscopy of the ankle joint in pa-
tients using an arthroscope with a diameter of 2.7
mm.3 Watanabe et al. described the first arthroscopy
of the first metatarsophalangeal (MTP) joint in 1985.4

“The articulation between hallux and its metatarsal is
entered at the point either lateral or medial to the ex-
tensor tendon. As this joint is extremely difficult to
open with manual traction, a 2.7 mm outside diame-
ter sheath must be used.” Bartlett reported a case in
1988 in which successful arthroscopic débridement
was performed on an osteochondral defect.5

A series of 20 patients with arthrosis of the first
MTP joint was reported in which diagnostic arthros-
copy was performed. Shaving gave some promising
results. However, it was not the osteoarthritis that
made us decide to perform arthroscopy on the first
MTP joint. Members of our national ballet and other
ballet groups often confronted us with pain prob-
lems and painful limitation of dorsiflexion in the
first MTP joint. As with the anterior impingement
syndrome of the ankle joint, the most likely cause
is repetitive microtrauma on the dorsal aspect of the
joint with secondary spur formation. Extension os-
teotomy of the first phalanx was our original ap-
proach to the problem. Because we were not always
able to relieve the pain and because arthroscopic

treatments of the anterior impingement syndrome of
the ankle joint is highly successful, we tried the
same procedure in the first MTP joint. The arthro-
scopic procedure has the advantage of less morbid-
ity, outpatient treatment, and reduced risk of range
of motion limitations that may be produced by the
scarring that results from classic arthrotomy. An-
other advantage is faster return to sports and work.
These advantages hold for every patient; therefore
we looked for other indications as well.

INDICATIONS

Impingement Syndrome

Dorsal impingement on the big toe is the result of
repetitive microtrauma on the dorsal aspect of the
joint. It results from repetitive forced dorsiflexion
movement, as occurs with ballet dancing.6 This re-
sults in damage to the cartilage rim on the dorsal
aspect of the distal phalanx and metatarsal head. An
inflammatory reaction, synovitis, scar tissue forma-
tion, calcifications, and finally spur formation can
be the final result.

Clinically, there is pain on the dorsal and dorso-
lateral aspect of the joint, especially during or after
forced dorsiflexion. In more severe situations, lim-
itation of dorsiflexion evolves.

On examination, there is pain on the dorsal as-
pect of the first MTP joint, where a rim can be pal-
pated. Typically, it is located at the dorsolateral as-
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pect of the metatarsal head. Dorsiflexion demon-
strates slight limitation. On radiography, there are no
degenerative changes on the anteroposterior (AP) or
lateral views. On the lateral view, a spur beginning
on the dorsal aspect at the junction of the metatarsal
head and the shaft can be seen. The condition is com-
parable to the anterior impingement syndrome of the
ankle joint. Here, we find the same painful limita-

tion due to scar tissue and sometimes spur forma-
tion, usually without generalized arthrosis.7

Osteochondritis Dissecans

Osteochondritis dissecans in the first MTP joint is
known pathology.8 We regard osteochondritis dis-
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FIGURE 14.1. Dorsal capsula
(2) is elevated. Metatarsal
head (3). Arthroscope (1) has
been introduced through the
anteromedial portal directed
downward toward the sesa-
moid bones (4). The abductor
muscle (6) is reflected back-
ward. Arrow indicates the ad-
ditional proximal portal (5) for
instrumentation of sesamoid
pathology.
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secans to be a first step toward a hallux rigidus de-
formity. The symptoms and therapy are no differ-
ent from osteochondritis dissecans in other joints
such as the ankle or knee joints.

Sesamoiditis

The sesamoid bones are incorporated in the short
flexors of the big toe and articulate with the plantar
surface of the head of the metatarsal. A normal
sesamoid bone can consist of multiple fragments.9

Differentiation between a multifragmented sesa-
moid bone or a fracture/nonunion can be made by
bone scans. A fracture may be the result of trauma,

but more often complaints in this region are the re-
sult of repetitive microtrauma. A fatigue fracture
may be the ultimate result. The pain, located on the
plantar side of the head of the first metatarsal, is pres-
ent during or after activity. It can be elicited by
forced dorsiflexion of the big toe. There is local pres-
sure and pain but usually no swelling. AP and lat-
eral views can show the irregular, sometimes dislo-
cated fragments. The axial view can demonstrate an
irregular joint line between the sesamoid bone and
the metatarsal head. A bone scan differentiates be-
tween active pathology and normal anatomy. Con-
servative treatment consists of a special inlay, anti-
inflammatory drugs, plaster casting for a minimum
of 6 weeks, and infiltration. Operative treatment
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FIGURE 14.2. Arthroscopic view
of the medial sesamoid bone.

FIGURE 14.3. Arthroscopic view
of the lateral sesamoid bone.
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(Figs. 14.1–14.3) with removal of the deformed sesa-
moid bone gives inconsistent results.

Hallux Rigidus

Davies-Colley (1887) was the first to describe hal-
lux rigidus. Its possible etiologic factors are arthro-
sis deformans, repetitive microtrauma during sports
activities,10 macrotrauma, aseptic necrosis, osteo-
chondritis dissecans,11,15,16 and limited range of 
motion whereby dorsiflexion, especially, is pro-
gressively diminished. Progressive pain finally
makes normal walking impossible. Radiography

during the first stage may show no deformity. At a
later stage, however, joint space narrowing and os-
teophytes become apparent. Operative options are
resection of osteophytes, partial resection of the
proximal one-third of the first phalanx,12 arthrode-
sis, and silicon interposition arthroplasty.13,17,19

OPERATIVE TECHNIQUE

An autopsy study was first performed to verify por-
tal anatomy (Figs. 14.4–14.7). Four main portals
were developed, which allowed a complete overview
of the first metatarsal joint. The two main portals
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FIGURE 14.4. First metatarsopha-
langeal (MTP) joint in traction with
arthroscope in the anterolateral
portal.

FIGURE 14.5. Lateral view.
Arthroscope is in the anteromedial
portal. Syringe and needle are be-
low the arthroscope in the joint.
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are the anteromedial and anterolateral ones. They
are located medially and laterally from the extensor
hallucis longus tendon.14 An incision is made
through the skin only, and the joint is penetrated by
blunt dissection. For visualizing the plantar side of
the joint, including the sesamoid bones, two addi-
tional portals are needed. One is located in the web
space between the first and second toes. The second

is made 4 cm proximal to the joint line on the me-
dial side of the joint between the abductor and short
flexor muscles. A 2.7 mm arthroscope with an in-
clination angle of 30 degrees is introduced through
the anteromedial portal. The instruments are intro-
duced through the anterolateral portal. When the
joint is filled with saline and placed in dorsiflexion,
the dorsal aspect of the joint can be visualized.
When synovitis is present, a shaver or whisker is
used for removal, and osteophytes are resected by
the abrader or small acromionizer (Figs. 14.8, 14.9).
Manual distraction is usually sufficient to visualize
the head of the metatarsal and base of the first pha-

14: Arthroscopy of the First Metatarsophalangeal Joint / 211

1

3

2

4

FIGURE 14.6. Anteromedial (1) and anterolateral (2) por-
tals are the two main portals. Two additional portals were
made to visualize the plantar side of the joint including
the sesamoid bones. One is located in the web space be-
tween the first and second toes (3). The second one was
made 4 cm proximal to the joint line between the abduc-
tor and short flexor muscle (4).

FIGURE 14.7. Arthroscopic view of the first MTP joint.
Note the softening of the chondral surface of the head
plus the irregularity. Some synovitis is seen.

FIGURE 14.8. Arthroscopic view
of the metatarsal head and the
cartilage of the phalanx. The dor-
sal aspect of the cartilage of the
metatarsal head is irregular and
soft. Proximal to this cartilage rim
the synovial reflection on the
metatarsal bone can be seen.
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lanx. The arthroscope can be brought through the
anteromedial portal to the plantar side of the joint
as necessary to visualize and treat pathology in the
lateral sesamoid bone (Figs. 14.1–14.5). The oper-
ation is performed as an outpatient procedure under
general or regional anesthesia.

RESULTS

Altogether, 27 arthroscopies were performed in 26
patients.19 There were 18 females and 8 males with
an average of 33.6 years (range 16–61 years). In 15
cases the right joint was involved and in 12 patients
the left joint. The indications were impingement
syndrome (12 patients), nonunion of the sesamoid
bone (5 patients), hallux rigidus (5 patients), and os-
teochondritis dissecans (4 patients). One patient was
treated arthroscopically for bacterial arthritis of the
first MTP joint.

There were no complications apart from a tran-
sient loss of sensibility in one patient on the medial
side and in one patient on the lateral side of the big
toe. In the impingement group at the 1-year follow-
up, three patients had the same level of pain and
swelling as they did preoperatively. All others im-
proved, although three still had occasional pain af-
ter heavy exercise. The final results were already
apparent at the 4-month follow-up. Eight patients
had been unable to work preoperatively because of
their deformity. At the 1-year follow-up only two
patients had not resumed work. Resumption of

sports participation was possible in nine patients.
Any increased range of motion of more than 5 de-
grees was found in six patients, with an average in-
crease of 13 degrees (7–20 degrees). There was a
subjective good or excellent result in seven patients.
In the sesamoid group, there were two patients in
whom the lateral sesamoid was removed arthro-
scopically, whereas in the other three patients the
medial sesamoid showed cartilage damage or frag-
mentation. Arthroscopic removal using a small burr
was unsuccessful for the medial sesamoid. In all
cases, the medial sesamoid was removed through a
small, separate incision. There were two poor re-
sults and one fair result. The two patients who un-
derwent arthroscopic excision of the lateral
sesamoid had a good result, although they occa-
sionally experienced pain during or after activity. In
the hallux rigidus group, two patients showed no im-
provement, whereas the other three exhibited slight
improvement.

In the osteochondritis dissecans group, treatment
consisted of débridement and drilling or removal of
loose bodies. Three of the four patients had a good
or excellent result at the 1-year follow-up (Fig.
14.10).

DISCUSSION

Using the four portals described makes it possible
to visualize the entire first MTP joint. The standard
anteromedial and anterolateral portals provide ac-
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FIGURE 14.9. Arthroscopic view
of the same patient as in Figure
14.8. Metatarsal head shows a
cartilage defect with smooth
edges. Note the obduration.
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cess to the dorsal joint compartment. Osteophytes
and synovitis can be removed by slight dorsiflexion
of the joint. An osteochondral defect can be treated
by applying traction to the big toe manually, mak-
ing use of the same portals. For visualizing and treat-
ing pathology in the plantar compartment, the an-
teromedial portal should be combined with the two
described additional portals in the web space and
the proximal medial portal.

Five types of pathology were recognized preop-
eratively: impingement syndrome, nonunion of the
sesamoid bone, hallux rigidus, osteochondritis dis-
secans, and infectious arthritis. Analysis of our 
results showed that osteochondritis dissecans and
infectious arthritis can be easily treated arthroscop-
ically. The dorsal impingement syndrome, with pain
on forced dorsiflexion and limited range of motion,
gave promising results. Especially in professional
athletes, arthroscopic removal of osteophytes seems
to be beneficial owing to less fibrous scarring and
quicker rehabilitation. Only three patients still ex-
perienced pain at the 1-year follow-up. A signifi-
cant increase in dorsiflexion was present in only half
of the cases. The hallux rigidus group is too small
to be considered separately, but our results are not
encouraging for this group. The same is true for the
sesamoid pathology group. Arthroscopy makes it
possible to visualize the joint between the sesamoid
bone and the plantar side of the phalanx. If there is

degeneration or fragmentation, it might be an indi-
cation for removal. The results of removing a
sesamoid bone in our patients, however, did not dif-
fer from those reported for open surgery series.
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FIGURE 14.10. Arthroscopic
loose body removal from the
MTP joint of the right foot. The
size of the loose body can be
appreciated.
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chapter 15

Calcaneocuboid Joint Arthroscopy

Lawrence Oloff and Gary Fanton

The application of standard large-joint arthroscopic
techniques to small joints has been a natural evolu-
tion primarily dependent on the development of ap-
propriately small instrumentation. The 2.3 mm
arthroscope and small shaver systems utilized and
proven proficient for wrist arthroscopy have now
been applied to the smaller joints of the foot. We
have found arthroscopy quite useful for examining
the calcaneocuboid joint and have reported our ex-
perience with several cases in 1996. The mini-
shaver seems to have some limitations in terms of
fully accessing the peculiar anatomy and confined
calcaneocuboid articulation, which is a saddle-
shaped joint. These anatomic space limitations of
the calcaneocuboid joint in the past restricted the
usefulness of arthroscopy to being mainly a diag-
nostic tool at this site. With the advent of the
holmium laser and small radiofrequency devices,
however, arthroscopy of the calcaneocuboid joint
has proven to be as therapeutically rewarding as tra-
ditional arthroscopy of larger joints. Combined with
new mechanical instrumentation, these devices may
soon lead to more universal acceptance of arthro-
scopic procedures to small joints of the foot.1,2

INDICATIONS

Pathology of the calcaneocuboid joint is often
poorly understood. It is not that midfoot complaints
are uncommon but, rather, that they are not easily
diagnosed and are often overlooked. Most calca-
neocuboid complaints fall under the category of me-
chanically induced pain. Chronic synovitis and im-

pingement syndromes identified in this area of the
foot often result from hypermobility, arthritic ero-
sions, and spur formation. The term cuboid syn-
drome (CS) has been used to describe these related
conditions collectively. All of the aforementioned
conditions are common indications for arthroscopy
of the calcaneocuboid joint.3,4

The diagnostic workup for patients with CS is
sometimes extensive. Diagnostic imaging techniques
may be useful for arriving at a diagnosis before
arthroscopy is considered. Magnetic resonance imag-
ing (MRI) may be employed to rule out stress injuries
and injuries to the contiguous peroneal tendons and
then to identify soft tissue masses. Osteochondral le-
sions, osteophytic bone, and osseous neoplasia may
be evaluated by computed tomography (CT). Even so-
phisticated imaging techniques may fail to establish
the diagnosis. Furthermore, the diagnosis of CS is of-
ten unclear because of many secondary complaints,
such as plantar fasciitis. Nonoperative care usually un-
covers the secondary complaints, revealing focused
pain in the calcaneocuboid joint. It is the refractory
pain of the calcaneocuboid joint that best character-
izes CS. If any doubt remains that the calcaneocuboid
joint remains the primary source of pain, selective di-
agnostic blocks may be applied to this joint. Contrast
dye is combined with local anesthetic to ensure that
the injection enters the joint space. Only after the lo-
cation of the pain is confirmed and nonoperative care
fails to resolve the patient’s complaints in a reason-
able time should arthroscopy of this joint be consid-
ered. Nonoperative care options to try first are steroid
injections, physical therapy, antiinflammatory drugs,
orthotics, and immobilization.
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Many patients have undergone calcaneocuboid
joint arthroscopy for CS without a clear-cut diag-
nosis. In such cases, several pathologic conditions
may be encountered and so should be considered.
The differential diagnosis should include disorders
considered for any chronically painful joint, in-
cluding systemic diagnoses, such as the synovium-
based rheumatic diseases as well as the more com-
monly encountered local conditions. Posttraumatic
disorders are encountered as with any joint, such as
the lateral impingement syndromes that result from
fractures in this region, loose bodies, chronic sy-
novitis, and osteochondral injuries.3 We have also
noted fibrotic synovial bands and plicas in this re-
gion. A previously undescribed anomaly of this
joint—synovial hypertrophy of the dorsal joint mar-
gin—appears to correlate with rupture and repair of
the dorsal capsule. When one becomes clinically as-
tute as to the causes of pathology in this region,
many potentially treatable cases should be identi-
fied. Arthroscopic intervention has proven useful in
such cases and offers a less morbid approach than
arthrodesis for chronic pain in this joint.

CONTRAINDICATIONS

There are relatively few contraindications to
arthroscopy of the calcaneocuboid joint. The suit-
ability of the patient for elective surgery is a con-
sideration, as with any surgical procedure. The pro-
cedure is typically carried out with regional or
general anesthesia. Any contraindications to these
methods of anesthesia should be considered. The
condition of the integument may be a consideration,
especially in posttraumatic cases where the skin and
underlying structures may have been previously vi-
olated. As the procedure is often facilitated by use
of a tourniquet, vascular assessment of the lower ex-
tremity is important. Sometimes scarring of the area
compromises access and visualization, such as with
arthrofibrosis, and may prove to be a relative con-
traindication. When limitation of motion is noted,
the patient should be forewarned that arthrotomy
may be necessary.

The most significant complications and failures
related to calcaneocuboid joint arthroscopy are the
result of misdiagnosis. The key is to ensure that one
is not dealing with an extraarticular phenomenon.
Diagnostic blocks can prove useful for confirming
the calcaneocuboid joint as the origin of the patient’s
complaints. It is important to confirm that what is

thought to be calcaneocuboid joint pain is not in re-
ality peroneal tendon pain. MRI and tenography can
help rule out such pathology.4,5

SURGICAL TECHNIQUE

The procedure is usually carried out under regional
or general anesthesia. The patient is positioned in
the supine or lateral position, the preference often
dictated by the need to do any additional procedures.
A tourniquet is often required to facilitate visual-
ization and can be placed at the ankle level. An at-
tempt is first made to distend the joint by infusing
saline with a 23-gauge needle and small syringe.
The calcaneocuboid joint does not have much ca-
pacity for distension.

Mapping out the anatomy is important. The pro-
cedure is carried out by placing two closely ap-
proximated portals (Fig. 15.1). The more medial
portal is made approximately at the level of the an-
terior process of the calcaneus. The intermediate
dorsal cutaneous nerve thus lies just medial to this
portal and must be mapped out. The more lateral
portal is made 2 to 3 cm below the medial portal,
near the joint line. This inferior portal is placed to
avoid the peroneus brevis tendon and sural nerve.
Both structures are just plantar to the portal. Be-
cause of neighboring subcutaneous structures, it is
important to make the incision through the skin only
and to proceed more deeply, utilizing blunt dissec-
tion with a small “mosquito” clamp. This helps pre-
vent unnecessary trauma to underlying vascular and
neurologic structures.

Standard arthroscopic small-joint instrumenta-
tion is employed (Fig. 15.2). An arthroscopic can-
nula and blunt obturator is inserted through one por-
tal, and the joint is inspected. A 2.3 mm 30 degree
arthroscopic lens is employed. Others have sug-
gested use of a 4.0 mm lens, but it is difficult to in-
troduce without damaging the joint. An 18-gauge
needle is placed at the lateral portal or more inferi-
orly for initial distension and egress. A 2.5 mm
mini-shaver may be utilized and provides adequate
outflow, allowing the surgeon eventually to discard
the 18-gauge needle. The portals may be used in-
terchangeably to facilitate visualization and access.
A switching rod is advised to maintain instrument
position during the exchange, as position is easily
lost. Although the mini-shaver is the mainstay
débriding instrument, there are limitations with its
use in some instances because of the joint shape and
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angle of approach. The 1.7 mm holmium-YAG laser
has proven most useful for débriding the joint. The
30- and 70-degree handpieces may be employed.
Recently, we started to use a smaller laser instru-
ment designed for wrist arthroscopy. Although it is
a straight handpiece, the smaller size makes it ide-
ally suited for the confines of this small joint.

A small radiofrequency (RF) thermal probe
(Oratec Interventions, Menlo Park, CA) has been
utilized as well. The main advantage of the RF de-
vice is that it is much less likely to damage healthy
cartilage inadvertently. Its smooth metallic tip and
temperature-regulated energy output provide safer
navigation and treatment than the laser devices. It
ablates and sculpts unhealthy cartilage that is fib-
rillated in areas of chondromalacia. It is also useful
for performing synovectomy and coagulation when
necessary. The probes utilize a 1.5 mm shaft that
can be bent at the time of surgery to facilitate 
access.

RESULTS AND COMPLICATIONS

Arthroscopy of the calcaneocuboid joint is relatively
new. The indications and instrumentation to perform
this procedure effectively are evolving. We have
treated 12 such cases over the past 3 years. Two of
the twelve patients were converted to open arthrot-
omy because of poor visualization. These two pa-
tients shared a traumatic etiology for their com-
plaints and resultant arthrofibrosis that hampered
instrumentation and visualization. Of the remaining
ten cases, the results have been overwhelmingly fa-
vorable, and only one patient did not report signif-
icant improvement in his symptoms postoperatively.
That patient went on to successful surgical fusion
of the calcaneocuboid joint.

There were no complications encountered. How-
ever, there was an interesting side effect that oc-
curred in this patient population postoperatively:
40% of the patients developed temporary peroneus
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FIGURE 15.2. Another version of Figure 15.1 with
three portals.

FIGURE 15.1. Calcaneocuboid
joint anatomy and portal place-
ment.
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brevis tendonitis. The exact mechanism for this in-
flammatory response is unclear. We can only pos-
tulate that the mechanism observed may be analo-
gous to what is seen with subtalar joint irritation,
where peroneal spasm can limit motion in the hind-
foot. In the case of calcaneocuboid joint arthros-
copy, the peroneal symptoms were transient and dis-
sipated after a few weeks with organized physical
therapy and antiinflammatory medications.

Most of our patients had a diagnosis of CS. In
some of them the onset of pain resulted from a trau-
matic episode. Various pathologies were discovered
in this group, including osteochondral lesions, im-
pingement lesions, posttraumatic arthritis, and loose
bodies. Although diagnostic imaging was univer-
sally carried out, the pathology was not appreciated
in all of the cases by such means. Chondral lesions
in particular were appreciated only on direct arthro-
scopic visualization of the joint. Most of the CS pa-
tients had no antecedent traumatic event, and in such
cases the cause was suspected to be related to poor
foot mechanics. One arthroscopic procedure was
performed in a patient with CS that seemingly orig-
inated as a result of complete plantar fascial release
for chronic heel pain. Overloading of the lateral col-
umn is a recognized sequela after plantar fascial re-
lease, and the chronic synovitis that ensues may po-
tentially be treated by arthroscopy.

The postoperative program in patients who have
undergone calcaneocuboid joint arthroscopy is
evolving as well. Our protocol has been to keep the

patients non-weight-bearing for 3 weeks but to ini-
tiate motion via a continuous passive motion appa-
ratus on the second postoperative day. Although this
approach may seem conservative, the overall rate of
recovery has been faster than that of the initial study
patients who ambulated early.

An arthroscopic approach to a variety of patholo-
gies of the calcaneocuboid joint is clearly feasible
at this time. Disorders of this joint are not uncom-
mon, and arthroscopy effectively expands the sur-
geon’s armamentarium of techniques for treating
chronic, painful disorders of this joint. Admittedly,
the learning curve of this procedure is rather steep
and is probably best reserved for the more experi-
enced arthroscopist.
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chapter 16

Hindfoot Endoscopy for 
Posterior Ankle Pain

C.N. van Dijk

During the past decades arthroscopy has become a
major tool for diagnosing and treating articular le-
sions. The role of arthroscopy has been established
for indications such as impingement syndromes,
synovitis, osteochondral lesions, loose bodies, and
arthrosis. Extraarticular pathology demands open
surgery, which requires postoperative plaster im-
mobilization to prevent equinus malformation and
to stimulate wound healing.1,2

A variety of soft tissue pathology can be present
around the ankle joint. In the absence of intraartic-
ular damage, posteromedial ankle complaints most
often are caused by disorders of the posterior tibial
tendon.3 In the event of failure of conservative
treatment, posterior tibial tendon disorders can be
treated by open surgery.1

Posteromedial overuse and posttraumatic injuries
in ballet dancers and soccer players most often are
caused by tenosynovitis of the flexor hallucis longus
tendon, a posterior impingement syndrome, or both.
Posterolateral ankle complaints most often are caused
by disorders of the peroneal tendons such as tenosy-
novitis, partial rupture, and tendon subluxation.

Endoscopic surgery offers the advantage of less
morbidity, reduced postoperative pain, and outpa-
tient treatment.4 We performed a cadaver study as
well as a subsequent prospective study in which 240
diagnostic and therapeutic endoscopic procedures
were performed in 229 consecutive patients.

POSTERIOR ANKLE IMPINGEMENT

Posterior ankle syndrome is a pain syndrome. The
patient experiences posterior ankle pain mainly pres-
ent on forced plantar flexion. Forced dorsiflexion is

also painful in some patients. In this hyperdorsi-
flexion position, traction is applied to the posterior
joint capsule and posterior talar fibular ligament,
both of which attach to the posterior talar process.
Posterior ankle impingement is caused by overuse
or trauma. Distinction between these two disorders
seems important because posterior impingement
through overuse has a better prognosis.5 A posterior
ankle impingement syndrome through overuse is
found mainly in ballet dancers and runners.6–8 Run-
ning that involves forced plantar flexion (e.g., down-
hill running) can put repetitive stress on the poste-
rior aspect of the ankle joint.8 In ballet dancers,
forceful plantar flexion during the en pointe or demi-
pointe position produces compression at the poste-
rior aspect of the ankle joint. Joint mobility and
range of motion gradually increase through exercise.
In the presence of a prominent posterior talar
process or an os trigonum, this can lead to com-
pression of these structures.

In 1995 we reported on a group of 19 retired
dancers and examined their ankle and subtalar
joints.6 The mean length of ballet dancers’ profes-
sional career was 37 years. All of the dancers had
been dancing en pointe. None of these dancers had
suffered a posterior ankle impingement syndrome.
A hypertrophic posterior talar process or an os
trigonum was present in 18 of the 38 investigated
ankle joints. The presence of an os trigonum itself
therefore does not seem to be relevant. This
anatomic anomaly must be combined with a trau-
matic event such as supination trauma, dancing on
hard surfaces, or pushing beyond anatomic limits.
The pain is caused by an abnormal movement be-
tween the os trigonum and talus or compression of
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a thickened joint capsule/scar tissue between the os
trigonum and the posterior tibial rim.

A diagnosis can be made on the basis of the his-
tory, physical examination, and radiographs. During
examination there is pain at palpation of the poste-
rior aspect of the talus. The posterior talar process
can be palpated posterolaterally between peroneal
tendons and the Achilles tendon. On the postero-
medial side, the neurovascular bundle and flexor
tendons cover the talus. Posteromedial pain on pal-
pation therefore does not automatically indicate im-
pingement pain. The passive forced plantar flexion
test is most important. With this test the examiner
performs repetitive quick passive forced plantar hy-
perflexion movements. The test can be repeated in
slight exorotation or slight endorotation of the foot
relative to the tibia. The investigator should apply
this rotation movement on the point of maximal
plantar flexion, thereby “grinding” the posterior ta-
lar process/os trigonum between the posterior tibial
rim and the calcaneus. A negative test rules out a
posterior impingement syndrome. A positive test in
combination with pain on posterolateral palpation
can be followed by a diagnostic infiltration. The in-
filtration is performed from the posterolateral posi-
tion, whereby the capsule between the prominent
posterior talar process and the posterior edge of the
tibia is infiltrated with lidocaine (Xylocaine). If the
pain disappears on forced plantar flexion, the diag-
nosis is confirmed. A lateral radiograph is obtained
if an os trigonum is suspected.

Flexor hallucis longus tendinitis is often present
in patients with posterior ankle impingement syn-
drome, with the pain located posteromedially. The
flexor hallucis longus tendon can be palpated be-
hind the medial malleolus. By asking the patient to
flex the toes repetitively with the ankle in 10°–20°
plantar flexion, the flexor hallucis longus tendon can
be palpated in its gliding channel behind the medial
malleolus. The tendon glides up and down under the
palpating finger of the examiner. In a case of stenos-
ing tendinitis or chronic inflammation, there may be
crepitus and recognizable pain. Sometimes a nod-
ule in the tendon can be moved up and down under
the palpating finger.

Nonoperative treatment of posterior ankle im-
pingement syndrome and flexor hallucis longus ten-
dinitis involves modifications of activities, physical
therapy (massage stretching and muscle strengthen-
ing), and steroid injections. The steroids are injected
posterolaterally into the posterior joint capsule be-

tween the prominent posterior talar process and the
posterior tibial edge. Physicians who are not famil-
iar with this type of infiltration are advised to per-
form the infiltration under fluoroscopic control.

ACHILLES TENDINITIS

Overuse injuries of the Achilles tendon can be di-
vided into insertional and noninsertional tendinitis.9

Because there is no evidence of inflammation in pa-
tients with “tendinitis,” the term tendinosis has been
proposed.10

Noninsertional tendinitis can be divided into
three subgroups: paratendinitis, paratendinitis �
tendinosis, and tendinosis. Paratendinitis is charac-
terized by inflammation of only the lining of the ten-
don. With acute paratendinitis there is diffuse
swelling around the tendon. Most cases of isolated
paratendinitis respond well to conservative treatment.

In patients with paratendinitis � tendinosis there
is localized swelling, most often 4–7 cm above the
insertion of the Achilles tendon. On examination
there is pain, particularly when the tendon is
squeezed. Most often the pain is localized predom-
inantly on the medial side. Magnetic resonance
imaging (MRI) demonstrates marked thickening of
the tendon.

In patients with Achilles tendinosis, fields of lo-
cal degeneration in the tendon are present. With ad-
vanced tendinosis, as a result of chronic degenera-
tion the tendon elongates and is no longer in
functional continuity. There is often an increase in
passive range of dorsiflexion. Insertional tendinitis
can be classified as retrocalcaneal bursitis, retrocal-
caneal bursitis � insertional tendinosis, and inser-
tional tendinosis.

Chronic retrocalcaneal bursitis is accompanied
by deep pain and swelling of the posterior soft tis-
sue just in front of the Achilles tendon. The promi-
nent bursa can be palpated medially and laterally
from the tendon at its insertion. The lateral radio-
graph demonstrates the characteristic prominent su-
perior calcaneal deformity. Operative treatment in-
volves removal of the bursa and resection of the
lateral and medial posterosuperior aspect of the cal-
caneus. Postoperative treatment involves use of a
below-knee weight-bearing cast for 4 weeks.9 Retro-
calcaneal bursitis is often accompanied by midpor-
tion insertional tendinosis. Often a partial rupture of
the midportion of the tendon is present at its inser-
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tion. When operative treatment for retrocalcaneal
bursitis is indicated, débridement of the midportion
of the Achilles insertion should be considered in
case of a partial rupture.

In the case of insertional tendinosis, there is pain
at the bone–tendon junction that worsens after ex-
ercise. The tenderness is specifically located directly
posterior to the junction. Radiographic signs of os-
sification at the most distal extent of the insertion
of the tendon (bone spur) are typical signs of inser-
tional Achilles tendinosis. Most patients can be
managed with nonoperative means, such as widen-
ing and deepening of the heel counter of the shoe.
When operative treatment is indicated, the patho-
logical ossifications and spurs can best be ap-
proached by a central heel-splitting incision.

Heavy-load eccentric calf muscle training has
been demonstrated to be effective treatment for
chronic Achilles tendinosis � paratendinitis.11 For
operative treatment of paratendinitis, the diseased
and thickened paratenon is excised. Operative treat-
ment of chronic tendinosis consists of débridement
of the paratenon and removal of degenerative
necrotic tissue. The thickened degenerative portion
of the tendon is excised, and the defect is closed pri-
marily.

Revascularization is stimulated by making mul-
tiple longitudinal incisions into the tendon.9 Open
surgery produces a guarded prognosis. In fact, Maf-
fulli recently reported poor results in more than 60%
of patients.12

Open surgery for insertional tendinitis with re-
moval of the chronic inflamed bursa and the pos-
terosuperior prominence of the calcaneus can be 
associated with a poor outcome. Open surgical treat-
ment requires plaster immobilization to prevent
equinus malformation and to stimulate wound heal-
ing.1,2 Angermann reported a cure rate of only 50%
after open surgery for chronic retrocalcaneal bursi-
tis.13 Endoscopic treatment offers the advantage of
less morbidity, reduced postoperative pain, and out-
patient treatment.4

POSTERIOR TIBIAL 
TENDON PATHOLOGY

On the posteromedial side of the ankle joint, in-
traarticular lesions such as posteromedial impinge-
ment syndrome, calcifications in the dorsal capsule
of the ankle joint, subtalar pathology, loose body,

or osteochondral defect must be excluded. The most
common extraarticular disorders are tenosynovi-
tis of the posterior tibial tendon, disorders of the
flexor hallucis longus tendon, and the tarsal tunnel
syndrome.

Postsurgery and postfracture adhesions and ir-
regularity of the posterior aspect of the tibia (pos-
terial tibial sliding channel) can be responsible for
symptoms in this region (Fig. 16.1). The posterior
tibial tendon plays an important role in normal hind-
foot function.14 Several investigators have described
the development of posterior tibial dysfunction as
the disease progresses from peritendinitis to elon-
gation, degeneration, and rupture.2,3,15–17

Tenosynovitis is often seen in association with
flat feet and with psoriatic and rheumatic arthritis.
In the early stage of posterior tibial dysfunction,
tenosynovitis is the main symptom. Tenosynovec-
tomy can be performed if conservative treatment
fails.18

Entrapment of the posterior tibial nerve in the
tarsal canal is commonly known as a tarsal tunnel
syndrome.19 Clinical examination should be suffi-
cient to differentiate these disorders from an isolated
posterior tibial disorder.

PERONEAL TENDON DISORDERS

Tenosynovitis of the peroneal tendons, dislocation,
rupture, and snapping of one of the peroneal tendons
account for most of the symptoms at the posterolat-
eral side of the ankle joint.20,21 This disorder must
be differentiated from (fatigue) fractures of the
fibula, lesions of the lateral ligament complex, and
posterolateral impingement (os trigonum syndrome).

Peroneal tendon disorders are often associated
and secondary to chronic lateral ankle instability.
Because the peroneal muscles act as lateral ankle
stabilizers, more strain is placed on their tendons in
the presence of chronic lateral instability, resulting
in hypertrophic tendinopathy, tenosynovitis, and ul-
timately in (partial) tendon tears.2,3,22 The diagno-
sis may be difficult in a patient with lateral ankle
pain. Peroneal tendon dislocation and tenosynovitis
can be established by clinical examination. In the
case of subtotal tears of the peroneus brevis or
longus tendon, supplemental investigations might
be helpful for establishing the diagnosis.22 Post-
surgery and postfracture adhesions and irregulari-
ties in the posterior aspect of the fibula (i.e., ten-
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dons sliding channel) can be responsible for symp-
toms in this region.

OPERATIVE TECHNIQUE

Access to the tendons can be obtained anywhere
along the tendons. The two main portals for poste-
rior tibial and peroneal tendoscopy are located di-
rectly over the involved tendon 1.5–2.0 cm distal
and 1.5–2.0 cm proximal to the posterior edge of
the malleolus. The distal portal is made first, with
an incision through the skin. The tendon sheath is
penetrated by the arthroscope shaft with a blunt tro-
car. A 2.7 mm arthroscope with an inclination an-
gle of 30° is introduced. After introducing a spinal
needle under direct vision, an incision is made
through the skin into the tendon sheath to create a

proximal portal. Instruments such as probes, a dis-
posable cutting knife, scissors, or a shaver system
are introduced. Through the distal portal on the me-
dial side, a complete overview can be obtained of
the posterior tibial tendon, from its insertion (na-
vicular bone) to some 6 cm above the level of the
tip of the medial malleolus. The complete tendon
sheath can be inspected by rotating the scope over
the tendon (Fig. 16.2). Through the distal portal on
the lateral side, a complete overview can be obtained
of both peroneal tendons. The inspection starts some
6 cm proximal from the posterior tip of the lateral
malleolus, where a thin membrane splits the tendon
compartment into two chambers (Fig. 16.3). More
distally, both tendons lie in one compartment (Fig.
16.4). The complete compartment can be inspected
by rotating the endoscope over and between the two
tendons (Figs. 16.5, 16.6).
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Exostosis

Posterior
tibial tendon

FIGURE 16.1. Exostosis of the me-
dial malleolus compressing on the
posterior tibial tendon in a right an-
kle.

4530_e16_p219-234  11/7/03  12:09 PM  Page 222



Achillotendoscopy for retrocalcaneal bursitis is
performed in the prone position. Two portals are cre-
ated, medial and lateral to the Achilles tendon, at the
level of the superior border of the os calcis. A 4 mm
arthroscope with a inclination angle of 30 degrees is
introduced through the posterolateral portal. A probe
and subsequently a 5 mm full-radius resector are in-
troduced through the posteromedial portal. After re-
moving the bursa and inflamed soft tissue, the cal-
caneal prominence is removed using a full-radius
resector and small acromionizer (Figs. 16.7, 16.8).

For peritendinitis of the Achilles tendon, the por-
tals are created 2 cm proximal and 2 cm distal of
the lesion. The distal portal is made first: An inci-
sion is made through the skin only. The crural fas-
cia is penetrated by the arthroscope shaft with a
blunt trocar, and a 2.7 mm arthroscope with an in-
clination angle of 30 degrees is introduced. After in-
troducing a spinal needle under direct vision, an in-
cision is made at the location of the proximal portal.
An instrument such as a probe or a small shaver is
introduced. The pathologic paratenon is removed by
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FIGURE 16.2. Posterior tibial tendoscopy of the right ankle. The portals are located directly over the tendon 1.5–2.0 cm
distal and 1.2–2.0 cm proximal to the posterior edge of the medial malleolus. Synovectomy is performed with the shaver
(here introduced through the proximal portal). A, posterior tibial tendon; B, inflamed synovium; C, tip of shaver. 
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shaver. The Achilles tendon can be inspected by ro-
tating the scope over the tendon. The plantaris ten-
don can be recognized and released or resected when
indicated.
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FIGURE 16.4. Peroneal tendons with their tendon sheath
and vincula (cross section). A, tendon sheath; B, vinculum;
C, peroneal longus tendon; D, peroneal brevis tendon. 

Posterolateral and posteromedial portals are used
for approaching the flexor hallucis longus tendon.
These same two portals are used to gain access to
the posterior aspect of the ankle joint and subtalar
joint.23 The patient is placed in the prone position.
The posterolateral portal is made at the level of or
slightly above the tip of the lateral malleolus, just
lateral to the Achilles tendon. After making a ver-
tical skin incision, the subcutaneus layer is split by
a mosquito clamp. The mosquito clamp is directed
toward the interdigital web space between the first
and second toes. The mosquito clamp is exchanged
for the 4 mm arthroscope shaft with a blunt trocar,
pointing in the same direction. Subsequently, the
posteromedial portal is made just medial to the
Achilles tendon; in the horizontal plane it is located
at the same level as the posterolateral portal. After
making a skin incision, the mosquito clamp is di-
rected toward the arthroscope shaft (which has been
placed through the posterolateral portal). When the

FIGURE 16.3. A: Right ankle. Peroneal brevis and peroneal longus tendons are separated by the peroneal tubercle. 1,
tip of fibula; 2, fibulocalcaneal ligament; 3, anterior talofibular ligament; 4, peroneal longus tendon; 5, peroneal brevis
tendon; 6, peroneal tubercle. B: Right ankle. Anterior dislocated peroneal longus tendon is separated by the peroneal
tubercle. 1, Tip of fibula; 4, peroneal longus tendon; 5, peroneal brevis tendon; 6, peroneal tubercle; 7, vinculum
(stretched); 8, intact tendon sheath. 
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mosquito clamp touches the arthroscope shaft, the
shaft is used as a guide to “travel” in the direction
of the ankle joint. The arthroscope shaft is subse-
quently pulled slightly backward until the tip of the
mosquito clamp is visualized. The mosquito clamp
is used to spread the soft tissue just in front of the
tip of the arthroscope. The mosquito clamp is ex-
changed for a 5 mm full-radius resector to resect the
fatty tissue lateral to the flexor hallucis longus ten-
don. The ankle and subtalar joint can easily be en-
tered by opening the extremely thin joint capsule.

The operation is performed as an outpatient pro-
cedure under general regional or local anesthesia.
Local anesthesia has the advantage of allowing a
possible dynamic investigation. Before the anesthe-

sia is administered the patient is asked to actively
evert (for peroneal tendoscopy), invert (for poste-
rior tibial tendoscopy), or dorsiflex (for anterior tib-
ial tendoscopy) his or her foot. The tendon than can
be palpated, and the sites of the portals are drawn
on the skin. When using local anesthesia, the anes-
thetic is administered around the portals and into the
tendon sheath. When total synovectomy of the ten-
don sheath is to be performed, it is advisable to cre-
ate a third portal more distal or more proximal to
the previously described portals. To prevent sinus
formation, the portals are closed by monofilament
sutures. Postoperative treatment consists of a pres-
sure bandage and partial weight-bearing for 2–3 days.
Active range of motion exercise is advised imme-
diately after operation.

PATIENTS

Since 1994 at the Academic Medical Center in Am-
sterdam, 240 endoscopic soft tissue procedures were
performed in 229 consecutive patients. The main in-
dication for an endoscopic hindfoot procedure was
a posterior ankle impingement syndrome. In 52 pa-
tients a bony impediment such as an os trigonum or
hypertrophic posterior talar process was removed.
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FIGURE 16.5. Normal arthroscopic appearance of the an-
terior aspect of both peroneal tendons of the right ankle.
1: Proximal view. The vinculum, which attaches the ten-
dons to each other and to the tendon sheath, arises from
the posterior surface of both tendons (not visible here).
More proximally, both tendons are separated by a mem-
brane. Above this level both tendons have their own ten-
don sheath. 2: Middle view. Both tendons are located in
the same tendon sheath. The vinculum is posteriorly lo-
cated and therefore not visible in this picture. 3: Distal
view. More distally, both peroneal tendons curve around
the tip of the lateral malleolus in the sliding channel. A,
free edge of the tendon sheath membrane; B, peroneal
brevis tendon; C, peroneal longus tendon; D, lateral malle-
olus; E, tip of the lateral malleolus. 

FIGURE 16.6. Peroneal tendoscopy of the left ankle. The
two main portals are located 2.0–2.5 cm proximal and
1.5–2.0 cm distal to the posterior edge of the lateral malle-
olus. A, proximal portal; B, distal portal; C, lateral malle-
olus. 
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In 28 patients the posterior ankle impingement syn-
drome was combined with flexor hallucis longus
tendinitis. In these patients, in addition to removing
the bony impediment, the flexor hallucis longus was
released (Table 16.1). In 8 of the 60 patients the
cause of the posterior ankle impingement syndrome
was a soft tissue impediment, which was removed
by a shaver system. In total, 44 patients had flexor
hallucis longus tendinitis. There was isolated flexor
hallucis longus tendinitis in only 7 patients, whereas
in the other patients the flexor hallucis longus ten-
dinitis was combined with a bony impingement 
syndrome (28 patients), an avulsion fracture of the
posteromedial tibial rim, or an ossicle near the flexor
hallucis longus tendon (4 patients). In 5 patients the
flexor hallucis longus tendinitis was combined with
a posteromedial talar osteochondral defect.

The main indications for endoscopic treatment of
Achilles tendon pathology were retrocalcaneal bursi-
tis (39 patients) (Fig. 16.9) and peritendinitis (23 pa-
tients). The indication for endoscopic calcaneoplasty
was failure of 6 months of conservative treatment.
The indication for endoscopic release of chronic para-
tendinitis was failure of conservative treatment for at
least 1 year in a patient with localized symptoms and

a mechanically intact tendon. The diagnosis of para-
tendinitis was confirmed on MRI in all cases. De-
generative changes in the Achilles tendon should not
exceed more than 30% of its diameter. Conservative
treatment consisted of modifying the patient’s activ-
ity level and shoe wear, stretching, ice application,
and eccentric calf muscle training.11

Tendoscopy of the posterior tibial tendon was
performed in 31 patients (Table 16.2). For the pero-
neal tendons the main indication was detection of a
longitudinal rupture in the peroneal brevis tendon
(Fig. 16.10). All patients had a history of an acute
lateral ankle ligament rupture. Five of these eight
patients presented with pain and swelling over the
posterior aspect of the lateral malleolus, and three
patients presented with a snapping sensation at the
level of the lateral malleolus. Seven patients had
chronic tenosynovitis after operative treatment of a
lateral malleolar fracture or lateral ankle ligament
reconstruction (Table 16.1).

Hindfoot endoscopy for treatment of posterior an-
kle joint pathology was performed in 36 patients
(Table 16.3). In 13 patients a localized osteochon-
dral defect was débrided and drilled. In seven pa-
tients the osteochondral defect was located at the
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FIGURE 16.7. Achillotendoscopic view of an inflamed retrocalcaneal bursa. Treatment consisted of removing all bursal
tissue (with a 4 mm synovator) and the posterosuperior calcaneal rim (5.5 mm burr or acromionizer). A, Achilles ten-
don; B, inflamed bursal tissue; C, posterosuperior calcaneal rim. 

4530_e16_p219-234  11/7/03  12:10 PM  Page 226



16: Hindfoot Endoscopy for Posterior Ankle Pain / 227

FIGURE 16.8. Achillotendoscopic view of a chronically inflamed retrocalcaneal bursa. Treatment consisted of removing
bursal tissue and part of the calcaneus. 

TABLE 16.1. Endoscopy for periarticular hindfoot pathology (n � 78): indications and procedures

Patients (no.) Diagnosis Treatment

8 Soft tissue impingement Resect soft tissue impediment
24 Bony impingement Resect os trigonum
28 BI � FHL tendinitis Resect OT � release FHL
7 FHL tendinitis Release FHL
4 FHL tendinitis � ossicle Release FHL � remove ossicle
5 FHL tendinitis � OD Release FHL � drill OD
2 Tarsal tunnel syndrome Release tarsal tunnel

BI, bony impingement; OT, os trigonum; FHL, flexor hallucis longus, OD, osteochondral defect.
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posteromedial talar dome, in four patients in the tib-
ial plafond, and in two patients in the posterolateral
talar dome. Posttraumatic calcifications in the pos-
teromedial capsule or the posteromedial deltoid lig-
ament were present in five patients. Two patients
had a Cedell fracture (avulsion flexor retinaculum).
All calcifications were removed endoscopically.

Total synovectomy was performed in nine pa-
tients. The procedure started with a two-portal pos-
terior approach in the prone position. When the pos-
terior synovectomy was complete, the knee was
flexed, and an anterior synovectomy was subse-
quently performed by means of the standard an-
terolateral and anteromedial approach. The indica-

tions were chondromatosis (n � 2), pigmented vil-
lonodular synovitis (n � 3), rheumatoid arthritis
(n � 2), and crystal synovitis (n � 2). Two-portal
hindfoot endoscopy for subtalar pathology was per-
formed for degenerative articular changes (n � 10)
or removal of a loose body (n � 1), and a large ta-
lar intraosseous ganglion was treated in three pa-
tients. These multicystic lesions originated from the
subtalar joint. The chondral defect (origin of the
ganglion) was identified in the subtalar joint by
means of the two-portal hindfoot approach. The gan-
glion then was drilled through the posterior talar
process. The drill hole was enlarged to 4.5 mm to
make introduction of a curette possible. After curet-
ting and drilling, the cystic defect was filled with
cancellous bone from the iliac crest.

RESULTS

Complications were seen in only three patients, who
experienced a small area of diminished sensation
over the posterior aspect of the hindfoot. Tenosyn-
ovectomy, screw removal, and exostosis removal
were performed successfully by means of posterior
tibial tendoscopy and peroneal tendoscopy.4,24

When a longitudinal rupture was detected, a small
incision was made and the rupture was sutured. A
pathologic thickened posterior tibial vincula was
successfully removed in four patients (Tables 16.2,
16.4). Removal of an inflamed retrocalcaneal bursa
together with the prominent posterosuperior part of
the calcaneus (endoscopic calcaneoplasty) was as-

228 / C.N. van Dijk

A B

FIGURE 16.9. A: Achillotendoscopy for chronic retrocalcaneal bursitis. The arthroscope shaft (2.7 mm) with blunt trocar
is introduced into the bursa after making a skin incision just proximal to the laterosuperior border of the os calcis. B:
Achillotendoscopy. Medial portal is made under direct vision by introducing a spinal needle just proximal to the medio-
superior border of the os calcis. 

TABLE 16.2. Tendoscopy of the posterior tibial
tendon (n � 31): indications and procedures

Patients (no.) Diagnosis Treatment

8 Tenosynovitis Tenosynovectomy
1 Medial malleolar Remove screw

fracture
1 Exostosis sliding Remove 

channel exostosis
21 Tenosynovitis Variousa

e.c.i.

aIn this diagnostic group four patients had a pathologic
thickened vincula, which was resected; six patients had
a longitudinal rupture, which was sutured by means of a
mini open approach; four patients had degenerative ten-
don changes, which were débrided; four patients had
adhesions, which were removed; three patients had
synovitis that required synovectomy.
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sociated with a good or excellent result in 80% of
our patients25 (Fig. 16.11). Resection of an inflamed
peritendinium in the case of localized Achilles ten-
dinitis gave promising early results (Table 16.5).

Removal of a pathologic os trigonum or a painful
posterior soft tissue impediment did not cause any
technical problems and was successful in most pa-
tients (Table 16.1, Fig. 16.12). In patients in whom
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FIGURE 16.10. A: Longitudinal rupture of the peroneal brevis tendon of the right ankle. The view is from distal to prox-
imal (see drawing). Below is the intact peroneal longus tendon. Above left and right are the split legs of the ruptured
peroneal brevis tendon. The two legs meet more proximally where the rupture ends (not visible in the picture). A, pe-
roneal longus tendon; B, split legs of the ruptured peroneal brevis tendon; C, ending of the peroneal brevis tendon rup-
ture; D, inside of the tendon sheath. B: When moving the arthroscope more proximally, the ending of the longitudinal
rupture of the peroneal brevis is visible. A, peroneal longus tendon; B, split legs of the peroneal brevis tendon; C, end-
ing of the peroneal brevis tendon rupture; D, tendon sheath. 

TABLE 16.3. Hindfoot endoscopy for posterior ankle joint pathology (n � 36): indications and procedures

Patients (no.) Diagnosis Treatment

13 Osteochondral defect Débridement � drill
5 Loose body Remove loose body
7 Calcification/avulsion Remove ossicles
2 Osteophyte posterior tibial rim Resect osteophytes
2 Chondromatosis Anterior � posterior removal
7 Chronic synovitis Anterior � posterior synovectomy

A B
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a total synovectomy was performed there was no re-
currence of the synovitis. All loose bodies were suc-
cessfully removed. Of the 13 débrided/drilled os-
teochondral defects, 9 had a good or excellent result
(Table 16.3). The three patients with treatment of
an intraosseous talar ganglion were without symp-
toms at the last follow-up. All of the patients treated
for degenerative changes in the subtalar joint expe-
rienced clear alleviation of their symptoms. None of
these patients had deterioration of their results over
time (Table 16.6).

DISCUSSION

The balance between peroneal tendons and poste-
rior tibial tendons plays an important role in normal
hindfoot function. Posttraumatic posterior tibial ten-
don dysfunction can lead to peritendinitis. Tenosy-
novitis is often associated with flat foot deformity.

When conservative measures fail at an early stage,
tenosynovectomy can be performed. Postoperative
treatment consists of plaster immobilization for sev-
eral weeks. Endoscopic release in combination with
synovectomy has demonstrated several advantages,
such as less pain, outpatient treatment, functional
after-treatment, and rapid resumption of work and
sport activities. Posttraumatic and postsurgery com-
plaints regarding the posterior margin of the lateral
and medial malleolus often pose difficult diagnos-
tic and therapeutic problems. Adhesions between
the tendon and tendon sheath or an irregularity of
the tendon sliding channel can give rise to pain.
Open tendon release demands postoperative plaster
immobilization with a subsequent chance of new ad-
hesion formation. Endoscopic release has the ad-
vantage of a diagnostic and therapeutic procedure
that can be performed under local anesthesia and is
associated with functional postoperative care.

A new finding in our cadaver specimens as well
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FIGURE 16.11. Achillotendoscopy for chronic retrocalcaneal bursitis. Typically in these quadrants inflammation of bur-
sal tissue overlies the Achilles tendon (A) seen opposite the posterosuperior calcaneal rim (B). This is the area where
impingement is seen between a proximal calcaneal rim and the Achilles tendon. 

TABLE 16.4. Tendoscopy of the peroneal tendon (n � 13): indications and procedures

Patients (no.) Diagnosis Treatment

5 Snapping tendon Suture length rupture (n � 3)a

1 Calcaneal exostosis Remove exostosis
7 Posttraumatic tenosynovitis Suture longitudinal rupture (n � 5)a

aWhen a longitudinal rupture of the peroneus brevis tendon was detected, an open repair was performed by means of
a small incision.
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as during all endoscopic procedures of the posterior
tibial tendon was the posterior tibial vincula (Fig.
16.13). Posttraumatic or postsurgical damage to this
vincula can cause thickening and scarring of its dis-
tal free edge. This thickened vincula can be palpated
at the posterior edge of the distal tibia, 3–5 cm above
the posterior tip of the medial malleolus. Active
movement of the tendon and hyperdorsiflexion
causes pain due to traction by the shortened, thick-

ened vincula on its attachment. Endoscopic resec-
tion was successful in these patients.

An important cause of posterior ankle pain in ath-
letes—especially ballet dancers and soccer players—
is chronic tenosynovitis of the flexor hallucis longus
tendon. Open surgery involves opening the tendon
sheath, débriding the tendon, and resecting the flexor
retinaculum. Postoperative treatment is associated
with plaster immobilization. The patient is advised to
expect up to 6 months for a full recovery. Endoscopic
release is associated with a significant reduction in
recovery time. Another advantage is that the proce-
dure is performed on an outpatient basis.

The reported results of open treatment for chronic
retrocalcaneal bursitis has not been favorable. Nesse
and Finsen26 reported persisting symptoms and
complications in 22 of 35 patients, and Angermann
and Hovgaard27 reported a 50% failure rate. My-
ersen and McGarvey9 reported more favorable re-
sults. Despite these figures, endoscopic calcaneo-
plasty offers a good alternative to open resection.
Surgeons who were used to performing arthroscopy
have found this endoscopic technique a more re-
warding experience. Advantages of the endoscopic
technique are related to the small incisions. Com-
plications such as wound dehiscence, painful and
ugly scars, and nerve entrapment in the scar are min-
imized. Endoscopic surgery allows excellent visu-
alization from both medial and lateral sides. Thus
the Achilles tendon, its insertion, and the calcaneus
can be inspected and subsequently treated. This min-
imizes the chance of removing and disturbing the
Achilles attachment. Because of functional postop-
erative treatment, late complications such as stiff-
ness and pain are avoided. We have reported 80%
good to excellent results in our patients with this
technique.

The reported results for conventional operative
treatment of chronic paratendinitis have been fa-
vorable. The percentage of good to excellent results
vary between 78% and 96%.28–32 This same posi-
tive outcome has been experienced by means of en-
doscopic treatment. The advantage is that the endo-
scopic treatment is well received by our patients.
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FIGURE 16.12. Original prints of the flexor hallucis longus
tendon and its sheath. 

TABLE 16.5 Endoscopic treatment for Achilles tendon pathology (n � 62): indications and procedures

Patients (no.) Diagnosis Treatment

39 Retrocalcaneal bursitis Endoscopic calcaneoplasty
23 Peritendinitis (� tendinosis) Resect peritendineum
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TABLE 16.6. Hindfoot endoscopy for posterior subtalar joint pathology (n � 13): indications and procedures

Patients (no.) Diagnosis Treatment

10 Degenerative changes Remove � débride osteophyte
1 Loose body Remove
2 Intraosseus talar ganglion Drill, curette � graft

FIGURE 16.13. A: Gross anatomy shows medial malleolus and anterior displaced posterior tibial tendon. 1, medial malle-
olus; 2, posterior tibial tendon; 3, flexor digitorum longus; 4, sliding channel for posterior tibial tendon; 5, vinculum (pos-
terior tibial tendon). B: Arthroscope is in the distal portal, and the shaver/abrader is located proximally and anteriorly to
shave the exostosis (medial malleolus) for relieving pressure on the medial malleolus. The vinculum may be cut if nec-
essary. 
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Tolerance to this type of outpatient surgery with
minimal scarring is favorable. In selected cases the
procedure can be performed under local anesthesia.

The two-portal posterior endoscopic ankle ap-
proach with the patient in the prone position offers
excellent access to the posterior compartment of the
ankle joint, the posterior subtalar joint, and the flexor
hallucis longus tendon and os trigonum. When com-
bined with anterior ankle arthroscopy, most sur-
geons regard the posteromedial portal to be contra-
indicated in all but the most extreme situations
because of the potential for serious complications.
The posterolateral portal, however, is advocated as
a routine portal by most authors. When the arthro-
scopic shaft is placed through this posterolateral por-
tal, the instruments through the posteromedial por-
tal must be directed toward the arthroscopic shaft.
This shaft subsequently is used as a guide for the
medially introduced instruments to travel in the di-
rection of the joint. The neurovascular bundle is thus
passed without problem. Since 1994 we have cre-
ated a posteromedial portal during 127 consecutive
procedures without relevant complications. When
performed in the above-described manner, posterior
ankle arthroscopy is a safe, reliable, exciting method
for diagnosing and treating a variety of posterior an-
kle problems. It is recommended that the procedure
be performed by an experienced arthroscopist who
has studied the local anatomy in a cadaver setting.

The various causes of Achilles tendon pathology
are listed in Table 16.7.
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TABLE 16.7. Etiology of Achilles tendon pathology

Overuse
Age
Errors in training: shoe, malalignment, strength 

imbalance
Compression/friction
Inactivity
Rheumatoid arthritis
Drugs
Endocrine disorders
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chapter 17

Endoscopic Plantar Fasciotomy

Stephen L. Barrett

Heel pain is one of the most common foot com-
plaints. Plantar fasciitis is a common cause of heel
pain, although there are many other causes as well,
including stress fracture, nerve entrapment syn-
dromes, Achilles tendonitis, and posterior ankle
pathology. About 80–90% of plantar fasciitis re-
solves with currently available nonoperative treat-
ments, including stretching exercises, rest, intrinsic
muscle strengthening, and cortisone. For the
10–20% of patients who do not respond to nonop-
erative treatment, plantar fascia release may allevi-
ate the symptoms. Endoscopic plantar fasciotomy
has been performed more than 500,000 times in the
U.S. and throughout the world.

ENDOSCOPIC PLANTAR FASCIOTOMY

Indications

Endoscopic plantar fasciotomy (EPF) is a minimally
invasive endoscopic approach to the management of
intractable plantar fasciitis/heel spur syndrome. This
procedure is indicated only in situations where ex-
haustive nonoperative care has been performed and
the patient’s symptoms have not resolved. EPF is
indicated for the surgical intervention of mechani-
cal heel pain and does not have any indications when
nerve pathology exists or when there is some other
etiology contributing to the patient’s heel pain.
Hence EPF is indicated only in patients for whom
the surgeon would consider performing an open 
fasciotomy/fasciectomy.

Contraindications

Endoscopic plantar fasciotomy should not be per-
formed in any patients who would otherwise not be
considered good surgical candidates. Patients who
have unrealistic expectations about the technique 
are usually not good candidates for any procedure.
EPF is contraindicated in any patient who has not
had a prolonged, complete course of nonoperative 
care, including physical therapy, orthotics, and even
injections.

Surgical Techniques

Since the mid-1990s the EPF technique has evolved
into a simple, precise procedure. It is stressed,
though, that the surgeon must complete adequate
training, including time in a cadaveric hands-on
skills laboratory, to ensure efficacious, safe treat-
ment with this technique. The surgeon is also en-
couraged to perform the first few cases with an ex-
perienced mentor to aid in patient safety and quality
of care.

The EPF procedure can be performed with a gen-
eral or local anesthetic, depending on the patient’s
needs. We have found this technique to be easily
completed with a local anesthetic and monitored
anesthesia care. If using a local anesthetic block, it
is recommended that the surgeon perform both a
sural and posterior tibial nerve block, with addi-
tional infiltration of the anesthetic in the area of the
medial and lateral calcaneal nerve branches. The
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surgeon is cautioned to avoid infiltrating the local
anesthetic in the area of cannula placement, as it
would decrease visualization during the technique.
Usually, less than 14 cc of local anesthetic is needed.

The patient is placed on the operating room table
in a supine position, with the feet hanging off the
end of the table. This positioning is important be-
cause it allows freer movement with the camera and
endoscope by the surgical assistant. An ankle tourni-
quet is preferred to a thigh cuff. Hemostasis is es-
sential for this technique to be performed correctly.

The foot should be exsanguinated with an Esmark

bandage, in preference to simply elevating the ex-
tremity to ensure better hemostasis. The foot is then
abducted, which allows easier medial portal inci-
sional placement. Portal placement is critical. There
are two ways to ensure proper placement of the 
instrumentation. One method is to calculate the lo-
cation for cannula placement from a non-weight-
bearing lateral projection radiograph (Fig. 17.1).
The cannula should be placed 1–2 mm anterior of
the medial calcaneal tubercle, or inferior calcaneal
exostosis if present, at the inferior level of the plan-
tar fascial shadow. An x and y coordinate can then
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FIGURE 17.1. Ideal cannula placement should be 1–2 mm
anterior or distal to the medial calcaneal tubercle (or infe-
rior calcaneal exostosis if present) at the level of the infe-
rior aspect of the plantar fascia.
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be measured from the plantar and posterior aspects
of the heel, respectively. These measurements can
be transposed to the patient intraoperatively. An-
other method that can be used intraoperatively is
placement by palpation (Fig. 17.2). This method is
sometimes alluded to as the “rule of thumb.” The
surgeon should take the right thumb if a right foot
is being operated on (use the left thumb if it is a left
foot) and place the thumb on the plantar aspect of
the heel, over the medial calcaneal tubercle. Rock-
ing the thumb anteriorly, the surgeon should be able
to feel a “drop-off” from osseous tissue to soft tis-
sue. This drop-off corresponds to the inclination of
the calcaneus. When the drop-off is palpated, it is
the level of the thumbnail that the surgeon uses for
the anterior-to-posterior positioning of the cannula.
The inferior-to-superior measurement is then used
from the radiograph. This measurement is fre-
quently in the area of 17 mm. This inferior-to-
superior measurement should never exceed 20 mm,
even in large-boned men.

This is the essence of the technique, and afford-
ing time for proper planning preoperatively ensures
ease of technique for the surgeon once the proce-
dure begins. The medial incision is a 6- to 7-mm
vertical incision. Care is taken to keep the incision
superficial and to avoid a “stab”-type incision. The
main medial calcaneal nerve branch is usually pos-
terior to this incisional placement and with good

technique it is not endangered. Once through the
dermis, simple blunt dissection with some small
tenotomy scissors is performed through the subcu-
taneous adipose tissue down to the level of the plan-
tar fascia. The fascial elevator is introduced from a
superomedial to inferior (more than plantar) posi-
tion. The surgeon should grip this instrument in pen-
cil fashion, and there should be minimal resistance
felt if the surgeon is in the proper tissue plane. Once
the tip of the elevator “palpates” the plantar fascia,
the surgeon can feel the elevator drop down along
the fascia as it courses inferiorly around the abduc-
tor hallucis muscle. Once this “drop-off” is felt by
the surgeon, the elevator is then brought into a trans-
verse position, which allows the instrument to
course closely underneath the plantar fascia as it is
moved laterally. When the surgeon is able to pal-
pate the tip of the elevator on the lateral aspect of
the heel, the surgeon can then check the position of
the elevator laterally. With gentle dorsal pressure,
the instrument is moved retrogradely out of the me-
dial portal incision, allowing the surgeon to feel the
bottom of the plantar fascia. Medially, the surgeon
feels this elevator fall back up the drop-off as the
instrument exits the foot. Such psychomotor skills
are important for the surgeon to develop, as these
simple techniques ensure proper cannula placement
and avoid perforating the plantar fascia.

The obturator/cannula is now placed in the heel
in a manner similar to that described for the plantar
fascial elevator. It is important to stress again that
the surgeon must initially approach the medial por-
tal in a superomedial, more plantar than lateral fash-
ion, until the drop-off is felt. The instrumentation
can then be brought into a transverse position. The
surgical assistant can now make a small 5 mm ver-
tical incision over the tip of the obturator when it is
palpated laterally, allowing the instrumentation to
exit the lateral portal. The obturator is removed from
the cannula, leaving the cannula in proper position.

The cannula should be cleaned with several 
cotton-tipped applicators from a medial to lateral
direction to remove any adipose tissue from the area
(Figs. 17.1–17.6). The cannula is marked internally
so the surgeon has some starting reference points.
The goal of the procedure is to release the medial
one-third of the plantar fascia completely. With the
improved instrumentation, the surgeon’s eyes never
have to leave the video monitor. There is a set of
double markings 9 and 11 mm from the medial por-
tal and a single marking 13.5 mm lateral from the
midpoint of the double marks. Beginning the fas-
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FIGURE 17.2. “Rule of thumb” method of palpation to lo-
cate the anterior to posterior positioning of the cannula.
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ciotomy at the point between the double marks and
stopping laterally at the single mark helps the 
surgeon perform a medial one-third fasciotomy.
Anatomic studies have shown that the width of the
medial band, on average, is 13.48 mm.1 It must be
cautioned that these marks are only anatomic
guides, and the surgeon must still recognize
anatomically how much fascia is being cut. One ex-
cellent anatomic reference point is the first inter-
muscular septum, which separates the abductor hal-
lucis from the flexor digitorum brevis. It correlates
with a medial one-third release. The surgeon should

always be able to identify this landmark during 
an EPF.

It takes several passes with the hook blade to cut
completely through the fascia. Use of the hook blade
prevents damage to the intrinsic musculature. The
triangle knife should be used only to release the in-
termuscular septum and the medial investment.
Once the fascia is cut, the surgeon must be able to
identify two well-demarcated edges of plantar fas-
cia, with the muscle belly between them. These
edges should separate further with dorsiflexion of
the foot. Once this is achieved, the surgeon intro-
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FIGURE 17.3. View from the medial portal. Double marks
indicate the approximate location of the medial invest-
ment, at which point the surgeon begins the fasciotomy.

FIGURE 17.5. Medial portal view. Note the reflection from
the hook knife starting the fasciotomy in the center of the
photograph.

FIGURE 17.4. Single mark indicates approximate stop-
ping point for a medial one-third fasciotomy. Note that the
single mark is 13.5 mm lateral to the central part of the
double marks.

FIGURE 17.6. Medial portal view showing a medial one-
third fasciotomy with the fasciotomy stopping at the sin-
gle mark.
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duces the camera through the lateral portal, identi-
fies the medial investment, and then releases it with
the triangle knife. The EPF is now complete.

The cannula is irrigated with several bulb sy-
ringes of sterile water or saline and then can be re-
moved once the obturator is reintroduced. Closure
of the incisions is easily attained with a couple of
simple interrupted sutures. The area is then infil-
trated with local anesthetic and a water-soluble cor-
ticosteroid before placing a light gauze dressing on
the patient.

Postoperative management is essential with this
technique to ensure efficacy and avoid compli-
cations. Patients are advised to be fully weight-
bearing immediately after surgery but are also ad-
vised to avoid excessive ambulation. On the third
postoperative day, the dressings are removed and re-
placed with sterile cloth adhesive bandages. The pa-
tient is then allowed to wear a regular shoe.2

RESULTS AND COMPLICATIONS

Although endoscopic plantar fasciotomy is not a
panacea, and I have never proposed it as such, the
technique is highly efficacious and effective in
trained hands. I have reported a 97% success rate in
a multisurgeon study of 652 cases.3 This rate of suc-
cess is comparable to success rates in the literature
for open plantar fasciotomy.4 Several other impor-
tant studies have shown EPF to be associated with
an earlier return to work in one study by up to 55
days,5 when compared to open heel spur surgery.
Kinley et al.6 showed a decreased complication rate
for EPF when compared to traditional heel spur
surgery. Stone and Davies’7 study showed that there
is high patient satisfaction with the technique. An
article by Palumbo et al.8 stated that cadaveric train-
ing is mandatory.

As with any surgery, EPF has complications.
Some are more inherent to this procedure than those
associated with traditional forms of open surgery for
heel spur syndrome/plantar fasciitis. I believe that
this is simply due to the fact that the patient is much
more ambulatory during the initial postoperative
phase after EPF than after some of the more inva-
sive forms of surgery, such as open fasciotomy.

Complications associated with EPF have been
classified into three categories.3 The first group of
complications can be categorized as medial column
problems, the second as lateral column destabi-

lization problems, and finally a group as simply
“other.” Medial column complications include arch
fatigue and cramping of the muscles on the plan-
tar aspect of the foot. These problems usually oc-
cur during the immediate postoperative period be-
cause of too much ambulating by the patient. When
the surgeon understands the biomechanical struc-
tural significance of the plantar fascia to the hu-
man foot, it is easy to understand the development
of these complications after severing the medial
one-third of the plantar fascia. In fact, they should
be expected if the patient ambulates too much be-
fore the fascia has reattached, usually about 6–8
weeks after surgery.

Lateral column sequelae are the most serious
complications a surgeon can expect from this type
of surgery. Such problems include pain at the cal-
caneocuboidal joint, peroneal tenosynovitis, sinus
tarsitis, and pain at the level of the fourth to fifth
metatarsal cuboid articulation. Some patients have
complained of pain in the sub-fifth metatarsal head
and occasionally of a decrease in sensation along
the course of the lateral plantar nerve. Other com-
plications sometimes encountered with EPF are 
infection, painful scar formation, wound dehis-
cence, and any other complication associated with
surgery.

With proper training and judicious postoperative
management, endoscopic plantar fasciotomy is a
highly successful, minimally invasive surgical tech-
nique that can be performed with few complications.
In fact, modification of postoperative management
has cut the complication rate associated with lateral
column destabilization problems by half.
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chapter 18

Endoscopic Tarsal Tunnel Release

Frederick N. Day III

Tarsal tunnel syndrome (TTS) is an entrapment neu-
ropathy involving the posterior tibial nerve in the
tarsal canal or one of its branches leaving the canal.1

The surgical objective is to release the entrapped
nerve. In the classic technique, a long J-shaped inci-
sion is made along the medial aspect of the ankle. This
approach provides excellent exposure to the tarsal
canal and vital structures. If the pathology is caused
by compression of the posterior tibial nerve by the
laciniate ligament, a different approach may be uti-
lized that offers a smaller scar and faster recovery.

Endoscopic tarsal tunnel release (ETTR) is an ex-
ample of endoscopic surgery replacing an open tech-
nique. Endoscopy offers the surgeon an alternative
procedure that results in less patient trauma and
faster recovery time. As with any emerging proce-
dure, modifications have been made in the proce-
dure to help simplify the process and improve the
end result. Caution must be used by the surgeon
when performing this technique. If the surgeon is
not skilled enough to perform an open release, the
endoscopic approach should not be attempted. I
highly recommend cadaveric experimentation to the
skilled surgeon prior to implementation. I believe
that ETTR is an excellent alternative procedure to
the classic open technique for the skilled surgeon.

The classic open surgical approach to decom-
pression of the posterior tibial nerve is a 10 cm
curved incision along the tarsal canal. The laciniate
ligament is divided and the posterior tibial nerve
mobilized. The incision is usually then closed using
only skin sutures. TTS may recur if a hypertrophic
scar should form over the nerve secondary to skin
healing, but ETTR can prevent this problem.

The tarsal canal is located behind the medial
malleolus; it becomes the tarsal canal when the
flexor retinaculum or laciniate ligament passes over
the structures. The laciniate ligament is a thickened
band of deep fascia that attaches to the medial malle-
olus and medial process of the calcaneus. As the
retinaculum passes toward and into the plantar as-
pect of the foot, it helps provide an origin for the
abductor hallucis muscle, which lies deep to the lig-
ament and then becomes continuous with the plan-
tar aponeurosis. The posterior tibial artery, vein, and
nerve pass deep to the ligament and lie within a fas-
cial canal in the neurovascular bundle.2

INDICATIONS

The etiologies of tarsal tunnel syndrome are multi-
ple; they have soft tissue, neoplastic, metabolic, con-
genital, biomechanical, traumatic, and idiopathic 
origins. Bony masses may also be responsible. In-
cluded in the soft tissue impingements are accessory
muscles, varicosities, ganglions, abductor hallucis
hypertrophy, tenosynovial cysts, hypertrophy of the
laciniate ligament, and tumors such as lipoma,
neurilemoma, hemangioma, and other neoplasms.
Swelling due to metabolic disorders can also cause
symptoms. Congenital deformities such as residual
clubfoot, Charcot-Marie-Tooth disease, Down syn-
drome, and cerebral palsy can produce TTS. Hy-
perpronation and bony exostosis near the tarsal
canal or coalitions may cause symptoms. Trauma to
the ankle joint, including sprains, fractures, previ-
ous surgery, or other injuries resulting in inflam-
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mation or scarring of the tarsal canal, may cause
TTS.3

The diagnosis of TTS is made after a complete,
detailed history and physical examination. A varied
history of pain in the foot (whether shooting, burn-
ing, or electric) while walking, at night, all the time,
or intermittently (and in any combination) can be
found in the history. I have found that the underly-
ing common denominator in all patients is unre-
lieved pain.

A complete neurologic and biomechanical ex-
amination are performed, and muscle weakness and
sensory loss are documented. Percussion of the pos-
terior tibial nerve may elicit Tinel’s sign (distal ra-
diation of pain into the foot and toes) or a Valleix
sign (radiation of pain proximally up the leg).3 Gait
patterns are observed to rule out hyperpronation. Ra-
diographic and laboratory studies may be indicated
to rule out bony etiologies and metabolic disorders
such as diabetes mellitus, rheumatoid arthritis, or
seronegative arthritis.

Nerve conduction velocity (NCV) studies and
electromyography can be performed to evaluate
nerve latency, amplitude, and velocity and the
polyphasic intrinsic foot muscle potentials. These
tests are specific but not sensitive. A negative result
does not rule out the possibility of TTS. Patients
with negative NCV studies can still have pathology.
Pfeiffer and Cracchiolo demonstrated that not all pa-
tients with TTS had positive nerve conduction ve-
locities. There were 18% of the patients with a nor-
mal NCV who had tarsal tunnel release, and the
authors found no clinical correlation between clini-
cal outcome and the results of the study.4

Once the proper diagnosis has been made, a treat-
ment protocol is chosen. If a space-occupying le-
sion is present, it should be excised using an open
technique. Conservative treatment is initially insti-
tuted. Injection therapy, nonsteroidal antiinflamma-
tory drugs, physical therapy, and orthotics are pos-
sible modalities. If conservative management fails,
surgical intervention should be considered.

CONTRAINDICATIONS

There are contraindications for ETTR. Tarsal tun-
nel syndrome that recurs after an initial release can-
not be treated endoscopically, as there is no liga-
ment to ligate. The open technique is then indicated
to release the hypertrophic scar that has formed. If
the instrumentation does not slide up the neurovas-

cular canal, the surgeon must reevaluate the instru-
ment’s position. Consideration should be given to
the tarsal canal that adheres to the underlying neu-
rovascular structures or if the passage is blocked by
tissue such as fat, soft tissue, muscle, or tumor.
Abundant varicosities around the ankle joint may be
inadvertently cut or may be the cause of the TTS;
in such cases I recommend the open technique. This
technique is not recommended for an orthopedic de-
formity that inhibits full utilization of the instru-
mentation, such as a severe rear foot varus or club-
foot deformity.

SURGICAL TECHNIQUE

Endoscopic tarsal tunnel release uses instrumenta-
tion from the Smith & Nephew Dyonics ECTRA
system. The retrograde cutting knife, probe, obtu-
rator, and cannulated sleeve are used during the pro-
cedure. A 30 degree 4.0 mm Smith & Nephew Dy-
onics endoscope and standard viewing equipment
are also utilized.

Anatomic landmarks are identified. The medial
malleolus, abductor hallucis, and proximal portion
of the laciniate ligament are marked. The ligament
is palpated via eversion and dorsiflexion of the foot
followed by palpation of the neutral triangle behind
the ankle joint. A tight band of tissue is felt between
the most prominent part of the medial malleolus and
the Achilles tendon. A 1 cm mark is made trans-
versely over the superior aspect of the ligament. The
superior aspect of the abductor hallucis muscle is
then palpated where the neurovascular bundle pen-
etrates deep into the foot. The soft and supple area
is easily found. A 2- to 3-cm elliptical mark is then
made immediately superior to the muscle belly.

After a thigh cuff is inflated, the proximal inci-
sion is placed; and dissection is carried through sub-
cutaneous fat to the ligament with sharp and then
blunt dissection. The ligament is left at this point,
and attention is directed distally.

An elliptical incision is made, and a skin flap is
created over the superior aspect of the abductor hal-
lucis muscle, which is reflected plantarly. Vessels
encountered along the way are identified and cau-
terized. Dissection is meticulously performed to the
tarsal canal. The ligament is gently teased away at
the intersection of the laciniate ligament and ab-
ductor hallucis muscle, exposing the neurovascular
bundle, tarsal canal, and porta pedis (Fig. 18.1). The
obturator is fitted into the cannulated sleeve, and the
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assembly is then placed in the tarsal canal from dis-
tal to proximal. Care is taken not to force the in-
strumentation into the canal. Slow advancement
with a clockwise–counterclockwise motion of the
assembly is all that is needed. If the instrumentation
is unable to enter the canal, the surgeon should at-
tempt to reposition the instrument and check the dis-
section. The surgeon must be able to stop this pro-
cedure if unable to maneuver the instrument up the
canal, proceeding then with the open technique. The
tip of the obturator is now penetrating the proximal
incision; if not, carefully using a knife a small inci-
sion is made, allowing the assembly to pass through
and out into the surgical field (Fig. 18.2). The lacini-
ate ligament may be continuous with the deep fas-
cia of the leg (seen in about 30% of cases by the
author). The obturator is then removed, and the en-
doscope is placed in the cannula from the proximal
end; the probe is placed in the distal end.

The transverse fibers of the laciniate ligament
should now be visualized (Fig. 18.3A). Superficial
veins may appear as purple streaks in the fibers, and

care is taken to avoid them during cutting. The probe
is used to remove any fat from the area and test the
integrity and extent of the ligament. The probe is
removed, and the retrograde cutting knife is inserted
(Fig. 18.3B). The ligament is then divided from
proximal to distal under endoscopic visualization
(Fig. 18.3C,D). A retrograde force toward the can-
nula while cutting pulls the ligament away from the
superficial veins and helps avoid inadvertent lacer-
ation. The instruments do not need to be reversed.
After removing the knife and endoscope the obtu-
rator is reinserted into the cannula, and the entire
assembly is gently removed. Attention is now di-
rected to the porta pedis dissection.

The aponeurosis that surrounds the abductor hal-
lucis muscle may need to be freed to enter the porta
pedis if visualization of the nerves is obstructed.
Care is taken not to “buttonhole” the aponeurosis,
which may result in muscle herniation. As the pos-
terior tibial nerve divides, it passes the abductor hal-
lucis muscle and enters the plantar aspect of the foot.
The septa that form individual compartments for the
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FIGURE 18.1. Dissection demonstrating the tarsal canal.
(From Day FN, Naples JJ. Endoscopic tarsal tunnel re-
lease: update 96. J Foot Ankle Surg 1996;3:225–229, with
permission from Elsevier.)

FIGURE 18.2. Obturator and cannula within the tarsal
canal. (From Day FN, Naples JJ. Endoscopic tarsal tun-
nel release: update 96. J Foot Ankle Surg 1996;3:225–
229, with permission from Elsevier.)
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medial and lateral branches of the posterior tibial
nerve must be dissected. Also, because the laciniate
ligament may be continuous with the deep fascia of
the leg proximally, the surgeon may need to cut the
fascia to ensure no constriction on the posterior tib-
ial nerve. The thigh cuff is then released to check
for bleeding. Dexamethasone phosphate (0.5–1.0
cc) is placed in the surgical site, and the skin is
closed with simple nonabsorbable suture. The pa-
tient should remain non-weight-bearing for 1 week,
partial weight-bearing during the second week (with
active range of motion of the ankle joint), and fully
weight-bearing by the end of the third week. Sutures
are removed at the end of the third week. The foot
and ankle must remain clean, dry, and bandaged for
the 3-week period.

RESULTS AND COMPLICATIONS

Two studies were performed by the author on a to-
tal of 15 patients. A multisurgeon sample included
22 patients, 7 of whom were lost to follow-up. In
the first study of 10 patients, a three-incision ap-
proach was used.5 This procedure was then modi-
fied to the present two-incision approach, and the
second study was conducted with five patients.6 A
90% success rate was found in the first study and a
100% success rate in the second study. To date,
more than 100 procedures have been performed by
various surgeons at Doctors Hospital using the two-
incision approach previously described. No recur-
rence of TTS has been reported. One patient had no
relief after surgery in the first study, which was at-
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FIGURE 18.3. Endoscopic visualization of laciniate ligament ligation. (From Day FN, Naples JJ. Endoscopic tarsal tun-
nel release: update 96. J Foot Ankle Surg 1996;3:225–229, with permission from Elsevier.)
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tributed to extensive polyneuropathy. The only com-
plication encountered was inadvertent ligation of su-
perficial veins. Electrocautery or compression was
used through the distal incision to stop any bleed-
ing. The posterior tibial artery, vein, or nerve has
never been compromised.
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chapter 19

Use of Laser and Radiofrequency
for Foot and Ankle Arthroscopy

Marc A. Samson, Michael F. Dillingham, 
Gary S. Fanton, and George Thabit III

Many arthroscopists have found the laser to be a
user-friendly device that speeds the operating time
and lessens morbidity. The holmium:YAG (yttrium-
aluminum-garnet) laser has supplanted the carbon
dioxide (CO2) laser as the primary laser for arthro-
scopic surgery. Other laser systems are either too
impractical or too expensive for widespread use.
Furthermore, a new radiofrequency device (Oratec,
Menlo Park, CA) has been developed that shows
promise as a tissue shrinker and coagulator, with the
benefit of more refined ability to transfer energy to
the tissue.

There are numerous advantages of the laser as a
tool for ankle arthroscopy compared to traditional
instruments. The small size of the laser probe facil-
itates arthroscopy in the small, tight recesses and
spaces of the joints in the foot and ankle. In addi-
tion to the laser’s ability to cut tissue and cauterize
bleeders, as with traditional Bovie cautery, it is
uniquely able to ablate and vaporize tissue, shrink
collagen, and weld tissue. Furthermore, it is an ex-
cellent coagulator and produces approximately half
as much tissue reaction as electrocautery, with
necrosis varying from 5 to 50 �m (T. Vangsness,
personal communication, 1998).

The CO2 laser was the first laser used in arthro-
scopic surgery, although several of its aspects hin-
dered its popularization. The requirement of an ar-
ticulated arm for laser delivery, the need for a gas
environment with its requirement for nonstandard

technique, and a significant tendency for major com-
plications made CO2 lasers less than attractive.1–10 In
time it became obvious that most of these problems
could be avoided by using a wavelength that could 
be transmitted fiberoptically and through a fluid
medium. Lasers with these characteristics include
the neodymium:YAG (Nd:YAG), holmium:YAG
(Ho:YAG), KTP, excimer, and possibly the erbium:
YAG (Er:YAG).11–15 Use of the Ho:YAG laser be-
gan during the mid-1980s. It is a mid-infrared wave-
length laser with fiberoptic transmission capacity
(Fig. 19.1). Holmium is a rare earth element that
when doped into a YAG crystal can emit a photon
energy beam at 2.1 �g wavelength. It is well ab-
sorbed by water and is transmissible through read-
ily available quartz fibers. Typically, 15–20 watts
of energy are used with a pulse rate varying from 1
to 20 Hz and a pulse energy of 0.5–2.0 joules per
minute. Machines are able to produce up to 80 watts
of energy. The holmium laser delivery device is typ-
ically a plastic-sheathed, 400 �m fiberoptic cable
with a metal handpiece. Various-diameter hand-
pieces are available with different delivery angles
and several specialized handpieces (Figs. 19.2–
19.5). The laser is used in a contact or near-contact
mode, permitting cutting and manipulation of the
target tissue with a single instrument. Because the
amount of laser energy delivered to a surface can
be varied by defocusing the laser (moving and vary-
ing the intensity of the energy as one would with a
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magnifying glass), congealing or contouring the ar-
ticular or meniscal cartilage is possible. With the
holmium laser the thermal effect ensures excellent
coagulation, and the dissipation of heat is sufficient
to avoid charring and carbonization (Fig. 19.6).

The holmium laser works in a free beam mode
(near-contact) rather than contact mode (hot tip).
The laser beam therefore interacts directly with the
tissue. This is the same manner by which the CO2

laser works. When the beam enters the tissue, it is
reflected, absorbed and then converted to heat, scat-
tered within the tissue, or transmitted.16,17 Absorp-
tion results in heat, which boils the tissue. Lasers
that are not safe to use in a free beam mode must
be used in a contact mode by way of a hot tip that
acts as a heat sink. With this mode the laser energy
is used only indirectly, and only cutting is possible.

In addition to its free beam use, the holmium laser

also enjoys the advantage of having a short absorp-
tion length. Lasers with long absorption length, such
as the Nd:YAG laser, travel deep into tissue and
produce significant surrounding thermal effects that
may be dangerously uncontrolled. A laser with a
short absorption length is safer and more precise,
producing minimal deep tissue heating and damage.
The holmium laser, along with the CO2, erbium, and
excimer lasers, has a short absorption length and
thus significant precision when cutting and abrad-
ing tissue.

Neither the erbium laser, which is not easily
transmitted through glass fibers,18 nor the xenon
chloride excimer laser, which is a slow, poorly 
coagulating tool, has been used successfully in or-
thopedics. The neodymium:YAG laser also has a
limited role in orthopedic surgery. Because its wave-
length is longer (1.06 �m), it penetrates deeper into
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FIGURE 19.1. Electromagnetic
laser spectrum.

FIGURE 19.2. Various curved probes. FIGURE 19.3. End firing probe.
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tissue and causes significant, uncontrolled collateral
damage. It creates a wide zone of necrosis and thick
area of carbonization, with thermal effects up to 5
mm from the beam entrance. Furthermore, it must
be used as a hot-tip device, and energy delivery is
slow. As a result, the Nd:YAG laser is no longer
marketed in the United States for orthopedic use.

The holmium laser is a pulsed laser with a 2.1
�m wavelength. This wavelength is between that of
the neodymium:YAG and CO2 lasers and incorpo-
rates the advantages of both (Fig. 19.1). Its thermal
effect is well controlled, and thermal damage in the
meniscus does not exceed 550 �m19–25 (Figs. 19.7,
19.8). The zone of thermal necrosis is limited to ap-
proximately 80 �m. Because it can be used in a fluid
environment through a small fiberoptic handpiece,
it offers precision and speed. Regarding absorption
characteristics, it offers excellent ablation and pro-
duces slight to moderate thermal damage, which is
much more predictable and precise than electro-
cautery, free beam Nd:YAG, or contact probe sys-
tems. Because it is truly a pulsed laser, heat con-

duction is minimized between pulses, during which
time the arthroscopic fluid cools the target tis-
sue.26–29 This is a significant advantage over hot tip
contact devices or continuous-wave lasers. Given
the intermittent and dependable cooling of the fluid
environment, high energy can be delivered and the
rate of ablation varied by changing the pulse fre-
quency. A Ho:YAG laser can be used in a near con-
tact mode and defocused to create a large spot, 
allowing effective meniscal ablation, synovial re-
duction, and coagulation.

The holmium:YAG laser has distinct advantages
when compared to electrocautery. Cautery works
best in nonphysiologic fluid such as sterile water.30

Its zone of necrosis is poorly controlled, generally
involving the path of greatest conduction or least re-
sistance. Collateral necrosis may reach several mil-
limeters into surrounding tissue. Laser photocoagu-
lation is more accurate and better controlled.

We have studied the clinical applications of the
holmium:YAG laser since 1988 and found it to be
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FIGURE 19.4. Later model, end firing probe, curved.

FIGURE 19.5. Ninety degree right angle firing probe.
FIGURE 19.7. Thin zone of necrosis with holmium:YAG
laser. (Courtesy of H. Sherk.)

FIGURE 19.6. Holmium tissue effects.
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safe and effective. The fiberoptic instrumentation al-
lows easy and increased joint accessibility, which
minimizes joint trauma compared to conventional
instrumentation. Postoperative bleeding, hemarthro-
sis, inflammation, and pain were substantially re-
duced in the laser-treated patients compared to the
conventional instrumentation group.16 We believe
that the hemostatic capability of the laser is one of
its greatest advantages. The contact or near-contact
delivery technique allows safe application of energy
to the target tissue with a tactile feedback that is
helpful during tissue manipulation. With a single in-
strument, the surgeon is able to cut, contour, resect,
ablate, and coagulate. Furthermore, there is reduced
operating time because of the decreased need for in-
strument swapping, and there is no need to change
the arthroscopic fluid environment. We have used
the laser successfully in a variety of settings. In the
knee, it has proved valuable for plica resection, syn-
ovectomy, and lateral retinacular release; and has
proven to be dependable in its capacity to prevent
bleeding postoperatively. Since its early develop-
ment, application of the laser has now been extended
to the shoulder, elbow, and ankle.

Zangger and Gerber looked at a series of 16 pa-
tients who underwent ankle arthroscopy for mostly
posttraumatic disorders, ranging from impingement
to osteochondritis dissecans. Most suffered from
posttraumatic synovitis and scar tissue with or with-
out anterior osteophytes. One-half of the patients 
underwent débridement with purely mechanical 
instrumentation, whereas in the other half the
holmium:YAG laser was used. The overall outcome
of the two groups was similar. The authors found,
however, that using the laser had improved the anal-
gesic effects, permitted easier approach to the tight
recesses of the joint, and allowed contouring of con-

vex surfaces, which cannot be performed as easily
with standard instruments.31

For the reasons that have been discussed, the
holmium laser offers significant advantages during
surgery of confined joints such as the ankle and 
the subtalar joints. The curved handpieces or side-
firing handpieces allow access to the entire anterior
ankle joint, the medial and lateral gutter areas, and
almost all talus and tibial articular surfaces via a
routine anterior portal. Fibrillated or degenerative
areas of articular surfaces can be smoothed, con-
toured, and débrided. Areas of posttraumatic fibro-
sis such as Wolin’s lesion in the anterior lateral 
ankle or posttraumatic fibrosis after fracture or os-
teoarthritic fibrosis can be safely cut and its volume
reduced. Chronic synovitis and adhesions can be
treated quickly and effectively. Furthermore, the
laser appears to be beneficial when treating soft tis-
sue impingement lesions (Fig. 19.9–19.11), fi-
broarthrosis and capsulitis because it causes less
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FIGURE 19.8. Same effect as seen in Figure 19.7. FIGURE 19.9. Lateral soft tissue impingement (L/STI)
prior to laser treatment.

FIGURE 19.10. Same ankle as in Figure 19.9 after laser
ablation.
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chondral damage, less bleeding, a lower recurrence
rate, and quicker rehabilitation.

Osteochondritic lesions or chondral lesions of the
talar dome or tibial plafond can be easily débrided
using the laser. Curettes and abraders are best for
removing articular cartilage down to bleeding bone.
Laser or radiofrequency probes might be beneficial
in débriding recesses or “tight” areas. There have
been at least two cases of osteonecrosis reported
when this tool was used extensively. As with other
joints, the laser is also useful for removing ossicles
or entrapped loose bodies (Fig. 19.12). The laser can
be used to either ablate the loose body directly or
to shrink or pulverize the loose body to a more man-
ageable size. Osteophytes (Figs. 19.13, 19.14) can
be significantly reduced directly with high-power
laser application; alternatively, once mechanical in-
strumentation has removed the osteophyte, the
residual bone base can be photocoagulated. In this

case, the laser results in less instrument crowding,
better proprioception, greater accuracy, less postop-
erative bleeding, and greater speed. For treatment of
chronic nonunions, the laser can help débride a
pseudoarthrosis and contour and sculpt articular car-
tilage in chondral defects and chondromalacia.

Pathology of the posterior recess, such as spurs
and soft tissue entities, is amenable to arthroscopic
laser surgery. Here the combined posterolateral ap-
proach or accessory posterolateral approach should
be employed. Furthermore, subtalar joint pathology
(synovitis, adhesions, fibroarthrosis, chondromala-
cia, chondral defects) is more easily approached
with a laser than with conventional mechanical in-
strumentation because of the confined space. In ad-
dition, it is conceivable that plantar fasciitis can be
transected by a laser in less traumatic fashion, sim-
ilar to the use of the laser in carpal tunnel release,
although this has not been reported. In this case, no
fluid pump or electrocautery would be required to
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FIGURE 19.12. Laser is used here to ablate an entrapped
loose body in the posterior recess (P/OCI).

FIGURE 19.14. Osteophyte after removal via holmium:
YAG laser.

FIGURE 19.11. Laser beam used to trim chondral defect.
In our experience this seems to reduce or prevent further
peeling of the cartilage layer.

FIGURE 19.13. Laser is used here to trim an osteophyte.
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maintain hemostasis. The laser may also be useful
for treating retrocalcaneal bursitis.

We have used the laser on multiple occasions in
the foot and ankle. Most commonly, it has been used
for coagulation, synovectomy, trimming the mar-
gins only of chondral or osteochondral defects, and
cutting and ablating fibrous tissue. One of the more
promising laser surgery techniques is in the area of
tissue welding and collagen shrinkage. Extrapolat-
ing the techniques used for laser-assisted capsular
shrinkage and collagen shrinkage used in shoulder
instability (see Radiofrequency Applications section
for more information); the laser can be used to
shrink lax ligamentous tissue in the ankle and foot
as well. We have successfully treated chronic ankle
instability by thermal stabilization of the lateral lig-
amentous complex arthroscopically. Short-term re-
sults have been promising.

In all, there have been no complications in these
cases attributable to the laser, and in fact in many
of these of these cases access, maneuverability,
speed, and visibility were substantially improved by
using the laser device. For instance, synovectomy
in the medial and lateral gutters of the ankle utiliz-
ing a 70 degree laser probe for tissue ablation and
coagulation cannot be done as easily using me-
chanical instrumentation and cautery. Additionally,
the 1.5 mm laser probe can be placed much farther
back into the gutters and tibiotalar joint than can be
done with traditional instrumentation.

RADIOFREQUENCY APPLICATIONS

A device has been developed that applies radiofre-
quency technology to surgical techniques originally
created for the laser. The Oratec device (Oratec Sys-
tems, Menlo Park, CA) (Fig. 19.15) and other ra-
diofrequency systems by other manufacturers can
be used for tissue contouring, collagen shrinkage,
chondroplasty, and coagulation or in the power
mode for cutting, scraping, and coagulation.

Thermal techniques such as laser-assisted capsu-
lar shrinkage, thermal-assisted capsular shrinkage,
and collagen shrinkage utilize the intrinsic bio-
chemical properties of the collagen molecule to en-
able tissue shrinkage. Type I collagen is the most
abundant protein in the human body32 (Fig. 19.16),
comprising approximately 90% of all ligaments and
tendons.34 The molecules themselves are usually
oriented longitudinally in the direction of stress and
are held in extended configuration under ten-

sion.34,35 Collagen is comprised of a triple helix
molecule with an organized crystalline structure, it
contains heat-sensitive bonds that are crosslinked
with hydrogen bonds for greater strength34,35 (Fig.
19.17).

The structural basis underlying the shrinkage 
of collagenous tissue is a conformational change
from the crystalline, extended state to the random
coil, contracted state.34–36 When heat higher than
60°C is applied to the collagen molecule, the heat-
sensitive (primarily hydrogen) bonds break35 and
the crystalline extended structure begins to uncoil
and shrink; as the molecule contracts, its diameter
increases,34–36 which causes the collagen molecule
to “denature” or exist in the random coil state. Over
time, fibroblasts invade and grow over the short-
ened, denatured collagen scaffolding, creating new
but shorter collagen molecules.37

It has been shown that contraction of the colla-
gen molecule is both time- and temperature-depen-
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FIGURE 19.15. Power source of Oratec radiofrequency
application.

FIGURE 19.16. Type I collagen. Molecules are held in an
extended conformation under tension.
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dent.38,39 Increasing the temperature or the duration
of application of the increased temperature can in-
crease the degree of contraction. Contraction rates
of up to 50% are achievable at various treatment
temperatures and durations.38,39 Animal laboratory
studies have shown an inverse relation between
treatment temperature and posttreatment mechani-
cal properties. It has been shown that the reduction
in mechanical properties is caused by increasing dis-
association of the collagen as the tissue temperature
increases. As the temperature increases above 60°C
the normalized stiffness increases significantly,
whereas the rate of shrinkage decreases.38 Further-
more, increased shrinkage at temperatures above the
“therapeutic range” may significantly alter mechan-
ical properties (Figs. 19.18, 19.19).

These principles have been applied to the laser-
assisted capsular shift technique utilizing the
holmium:YAG laser. Our unpublished 4-year clini-

cal data validate the arthroscopic thermal approach
with more than 90% efficacy and a high success
rate. Furthermore, these procedures can be done as
an outpatient procedure, whereas open stabilization
has been an inpatient procedure.

Although this technique was originally developed
for use with the low-energy laser, the laser itself per-
haps is not the ideal energy delivery device. The
laser, used in a hot-tip technique, is focal and ap-
plies only superficial energy and heat to the tissue.
There is no temperature control, and the laser is
costly. The radiofrequency device (Oratec Systems,
Menlo Park, CA) attempts to improve on the energy
delivery technique while offering a more cost-
effective alternative to traditional laser use.

The Oratec device transmits radiofrequency en-
ergy into the soft tissue, thereby creating oscillation
in intercellular electrolytes in host tissue. This mo-
lecular movement generates heat in the tissue, so the
tissue itself (not the probe) generates heat. The
transmission of radiofrequency energy provides
consistent, predictable thermal effects that are 
more even than microwaves. Three temperature-
controlled handpieces have been developed (TAC-
S, TAC-C, Mini-TAC) that modulate the tempera-
ture in the tissue to preset levels (Fig. 19.20). It is
the only device available with temperature feedback
regulation. The probes themselves are highly ver-
satile, low-profile devices that are designed for use
with saline or lactated Ringer’s solution. In addi-
tion, the temperature-controlled probes are mal-
leable, which facilitates access to specific areas in
a joint. Furthermore, they can be used either on the
temperature setting for thermal modification of col-
lagen or a power setting for coagulation. The laser
transmits energy to only the first millimeter of tis-
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FIGURE 19.18. Biomechanics of collagen. Crystalline
structure (organized). Molecules are crosslinked with hy-
drogen bonds.

FIGURE 19.17. Thermal modification of collagen. Con-
traction of collagen molecule.

FIGURE 19.19. Thermal modification of collagen. Ther-
mal shrinkage at increased temperature results in signif-
icant attentuation of mechanical properties.
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sue, causing intense heat, whereas the bipolar de-
vice transmits energy via the path of least resistance
in conductive irrigating solution and therefore cre-
ates a broad area of tissue destruction. In contrast,
the Oratec monopolar probe induces current into the
tissue, causing heat by molecular friction and con-
duction in a well-controlled area and under precise
temperature control.

Our follow-up with the thermal-assisted capsular
shift device has been extremely promising in the
shoulder, with results at least equal to if not supe-
rior to those seen with other arthroscopic stabiliza-
tion techniques. Our early results with the Oratec
radiofrequency device in the shoulder have encour-
aged us to expand the application for such proce-
dures. We have recently begun radiofrequency ther-
mal stabilization of ankle ligaments and have used
the thermal capacity of the Oratec to shrink lax 
anterior tibiofibular, anterior talofibular, and calca-
neofibular ligaments entirely arthroscopically. Our

preliminary results have been exciting. We have
used this technique in more than 20 patients and
have corrected ankle instability in nearly all of them,
with no significant complications to date.

The technique involves a standard arthroscopic ap-
proach to the ankle. The TAC-S probe is then inserted
via the anteromedial portal. With the generator set at
67°C and 40 watts on the temperature setting, the
probe is delivered in a contact fashion along the lax
ligament or tissue. The thermocouple in the probe tip
measures tissue temperature through conduction, and
thus accurate tissue temperature is best obtained by
leaving the probe in direct contact with the tissue.
The probe is then slowly swept back and forth along
the tissue, creating a thermal response. As a result of
the thermal energy, the lax ligaments slowly tighten
as they shrink. Once the desired response is achieved,
the arthroscopy is terminated and the ankle is immo-
bilized. The patient is then protected with a cast or
boot for 4–6 weeks (Fig. 19.22).
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FIGURE 19.20. Three temperature controlled handpieces.

FIGURE 19.22. Pre- and post-treatment with
thermal shrinkage of the shoulder capsule of
the inferior axillary recess with a tempera-
ture controlled probe.

FIGURE 19.21. Three cutting and ablation handpieces.
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The second application of radiofrequency is 
more like that of traditional cautery. Several cost-
effective probes with different tip configurations
have been developed that can be used in a power
mode. The desired effects on tissue can be modu-
lated by varying the power setting (low power for
coagulation, high power for cutting and ablating).
The power probes (straight chisel, curved chisel, an-
gled chisel) are highly effective coagulators and soft
tissue ablators (Fig. 19.21). By modulating the
power somewhere between pure cutting and pure
coagulation, a cutting/coagulation ratio can be at-
tained concurrently. Although these probes are as
effective as the laser in terms of ablation of soft tis-
sue and coagulation, they are not as effective as the
laser for ablating bone and articular cartilage. Per-
haps the most appealing aspect of the radiofre-
quency device is its cost. A typical radiofrequency
system costs approximately 10% of a typical
holmium:YAG laser system, and the handpieces are
comparable if not less expensive than the laser hand-
pieces.

CONCLUSIONS

The application of therapeutic heat, by either
holmium laser or radiofrequency, provides a safe,
effective arthroscopic alternative to mechanical in-
strumentation for peripheral joint surgery. Their
small probe sizes and fluid medium transmissibility
provide significant advantages over electrocautery
and other laser systems developed for biomedical
applications. Developing radiofrequency technol-
ogy provides a more cost-effective alternative to
laser systems in most applications with similar re-
sults. As the surgeon’s ability and skill increase with
time using these devices, the laser and radiofre-
quency devices should allow greater versatility and
speed of use in the future.
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chapter 20

Office Foot and Ankle Arthroscopy

Neal C. Small and Walter A. Del Gallo

Despite the fact that arthroscopy is one of many
types of minimally invasive surgery, most arthro-
scopic procedures are still being performed in a hos-
pital setting. The modern practice of foot and ankle
surgery has largely evolved from trauma centers and
children’s hospitals that have traditionally been an
integral part of orthopedic training. Orthopedic sur-
geons, throughout residency training and most fel-
lowship programs, are trained in surgical techniques
that are applied in the hospital setting. Therefore
arthroscopic surgery, although minimally invasive,
has evolved in a similar manner and has remained
a hospital procedure.

In contrast with foot and ankle surgery, many
other surgical specialties have removed minimally
invasive surgery from the hospital or ambulatory
surgery center to the office setting. Among these
specialties are ear-nose-throat, ophthalmology, plas-
tic surgery, obstetrics-gynecology, colorectal pro-
cedures, and general surgery. Gastroenterologists
and rheumatologists have also significantly in-
creased the number of procedures performed in the
office environment.

For years, oral surgeons and podiatrists were un-
able to acquire full hospital privileges in many states,
so these practitioners developed protocols and anes-
thesia techniques for office procedures performed
under local anesthesia. In many instances, intra-
venous sedation was used as well. Despite the fact
that hospital privileges are now available for these
practitioners, many still choose to perform minimally
invasive procedures and other, more extensive pro-
cedures in the office setting for reasons of conve-
nience, cost-effectiveness, and patient preference.

INDICATIONS

The indications for office foot and ankle arthroscopy
are listed in Table 20.1. The indications are similar
to those for ankle arthroscopy performed in the hos-
pital under general or regional anesthesia. However,
procedures requiring major bony work, such as
arthroscopic ankle arthrodesis, cannot be performed
with local anesthesia and sedation.

CONTRAINDICATIONS

The surgical contraindications to office foot and an-
kle arthroscopy (Table 20.2) are identical to those
for ankle arthroscopy performed in the hospital. Pa-
tient selection for local anesthesia with sedation in
the office setting is extremely important and is dis-
cussed later.

PATIENT SELECTION

Medical screening is done prior to scheduling a pa-
tient for office surgery. At that time it is determined
whether a particular patient is a candidate for office
operative foot and ankle arthroscopy. The patient is
asked to fill out a questionnaire concerning previ-
ous medical and surgical diagnoses, allergies, and
medications. This allows identification of patients
who require other medical consultations or who
would be better treated in a hospital setting. Labo-
ratory tests, electrocardiography (ECG), and chest
radiography are not performed on patients sched-
uled for office operative arthroscopy. Patients who
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have surgery in the office are basically healthy. The
yield from such studies is extremely small in this
age group. The tests are expensive, so eliminating
them serves to keep the overall costs of the proce-
dure more reasonable.

The psychological makeup and personality of the
patient is an important factor. If the patient becomes
concerned by the sight of blood or a needle, the
surgery should not be performed under local anes-
thesia in the office setting. If the nurse reports that
the patient is too nervous for office operative
arthroscopy, the surgeon should listen.

Once the patient has been identified as a candi-
date for office surgery, the date and time are set for
the procedure. The next step is preauthorization by
the third-party payer. Occasionally, a second surgi-
cal opinion is mandated by the payer, but this prac-
tice has become less frequent.

Patients between the ages of 16 and 65 years of
age are selected. Patients under the age of 16 may
not have the emotional maturity to cooperate dur-
ing a 30- to 45-minute procedure under local anes-
thesia. Patients over the age of 65 were thought to
have a potentially higher risk of medical problems
that would be better treated in a hospital environ-
ment should the need arise. Patients in American
Society of Anesthesiologists (ASA) categories I and
II are selected.

Most mature, stable patients are pleased that they
will not be subjected to a general anesthetic for their
arthroscopic procedure in the office. Those who
have had a previous general anesthetic are well
aware of the sometimes unpleasant sensation as the
anesthesia wears off. Many of these patients are also
eager to view the procedure on the video monitor.

FACILITY

The facility may vary from an operating room (OR)
with minimal approval requirements to the state-of-
the-art facility shown in Figure 20.1. For office op-
erative arthroscopy, the minimum size for a func-
tional office OR is 16 � 12 feet. This space is
necessary to allow free movement of the surgeon
and assistants. A few extra square feet is welcomed
by the surgeon and staff. The patient is prepared for
surgery in an examination room prior to entering the
office OR. No presurgery holding area is necessary.
The office OR must have room to accommodate
video equipment, monitoring equipment, a crash
cart with cardiopulmonary resuscitation (CPR)
equipment, and an OR table with a leg holder, soft
tissue ankle distractor, or both, as well as an auto-
clave, Cidex basin, nitrogen and oxygen tanks, and
suction equipment (Fig. 20.2).

The layout of the office OR is an important fac-
tor in maximizing the available space. The nurse-
anesthetist, physician’s assistant, or anesthesiologist
who is monitoring the patient is at the head of the
table. The table is situated so it allows access to the
patient from either side. A floor drain is present in
the OR and is situated in the center of the room. The
OR table is placed so the patient’s lower extremity
is directly over the floor drain after positioning.

A formal surgical scrub sink is not necessary but
is desirable. The surgeon and the surgical assistant
use hexachlorophene (Septisol) foam solution for 2
minutes at the beginning of the surgical day and for
1 minute prior to each additional operation.

Recovery room facilities are not necessary for of-
fice arthroscopy. At completion of the procedure, the
patient walks from the OR to the adjacent examina-
tion room (Fig. 20.3). The patient stays in this room
until ready to go home. Because the sedation is light,
no postanesthesia recovery room monitoring is nec-
essary. The infection rate associated with arthroscopy
is low (approximately 1 per 500 procedures), so no
special ventilation or air-exchange equipment is nec-
essary for arthroscopic surgery in the office.
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TABLE 20.1. Indications for office ankle and foot
arthroscopy

Soft tissue impingement (anterolateral synovial 
impingement)

Osteochondral or chondral lesions
Bony impingement (osetophytes, tibiotalar spurs)
Synovitis (posttraumatic, inflammatory)
Loose bodies
Arthrofibrosis
Instability (open modified Brostrom combined with 

arthroscopic synovectomy and débridement)
Undiagnosed foot and ankle symptomatology 

(diagnostic foot and ankle arthroscopy)

TABLE 20.2. Contraindications to foot and ankle
arthroscopy

Local soft tissue infection
Severe arthritis with deformity
Poor vascular status
Severe edema
Acutely injured ankle with ruptured ligaments and 

capsule
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If the office OR is to be constructed as a com-
pletely new facility rather than as a modification of
existing space, certain considerations would create
a more ideal situation, including ceiling supports for
overhead lights (Fig. 20.1). Floor drains also are
helpful for office arthroscopy and are relatively in-
expensive to install. Ideally, the floor should slope
directly toward the drain. Two floor drains with
slopes for drainage at both the foot of the table
(knee, foot, and ankle arthroscopy) and the head of
the table (shoulder and elbow arthroscopy) would

be ideal. In addition, a cabinet or closet for nitro-
gen and oxygen tanks would eliminate some of the
clutter in the room.

If the clinic wishes to construct a licensed,
Medicare-certified ambulatory surgery center
(ASC), the state guidelines for development and
construction must be used. Having a licensed,
Medicare-certified ASC opens the facility to many
payers who would not reimburse facility charges in
a nonlicensed facility. The licensed facility also al-
lows general anesthesia to be administered, which
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FIGURE 20.1. Operating
room, showing the overhead
lights, video setup, and light
support system (center). The
latter includes the Dynamap,
pulse oximeter, and defibrilla-
tor.

FIGURE 20.2. Along the op-
posite wall of the operating
room shown in Figure 20.1 are
the “flash” autoclave, shelves
for storing the sterile-wrapped
operative instruments, and a
cart for needles and dressing
material.
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in turn allows virtually all arthroscopic procedures
on the foot and ankle to be performed in the office
environment.

EQUIPMENT

The OR table used for office ankle arthroscopy re-
quires a few basic elements. The table should raise
and lower electronically, as it saves time and mini-
mizes the physical effort required by the nurse or
whoever is monitoring the patient at the head of the
table. The table should also allow lowering and rais-
ing the foot section.

Because space in the office OR is at a premium, a
compact camera and video system is essential. Many
of the newer camera and video systems include an in-
tegrated light source. The integrated camera with light
source and the video system are on a movable cart on
the contralateral side of the OR table. This cart is
placed at the patient’s mid-trunk level. The video mon-
itor is rotated toward the surgeon but not enough to
prevent the patient from observing the video image.

A printer is helpful for providing a convenient
photograph of the operative findings and the ap-
pearance following the corrective arthroscopic pro-
cedure. These images, which are reviewed with the
patient and family following the procedure, are
made part of the patient’s permanent medical record.

The arthroscopes used for office arthroscopy are
2.7, 3.0, or 4.0 mm in diameter. These arthroscopes
are available with 30 and 70 degree angled optics.

The back table is set against one wall. It contains
the contents of the disposable office arthroscopy
pack including draping equipment, tubing, and ban-
dage equipment used during the procedure. A Mayo
stand is necessary to hold the instruments used dur-
ing the procedure. This movable Mayo stand is usu-
ally placed where the surgeon and assistant can eas-
ily reach the necessary instruments. By positioning
the back table and Mayo stand in this fashion, the
surgeon can reach virtually everything needed dur-
ing the procedure. A scrub technician is usually not
required for foot or ankle arthroscopy.

ANESTHESIA

Office arthroscopy is a new area of orthopedic
surgery that offers the patient quality care and
greater convenience at less cost. The procedures per-
formed offer varied challenges to the anesthesia care
provider. First, discomfort must be reduced to ac-
ceptable levels; second, provisions must be made
for a quick return to a functional state. Last, all of
this must occur within established guidelines that
provide high margins of safety.

Every anesthesia care provider must have detailed
knowledge of the anesthetic agents available to them
to make competent, individualized selections. This
knowledge must include safe dosage levels, effects,
interactions with other drugs, and potential adverse
reactions. This, in combination with adequate eval-
uation of the patient, allows correct anesthetic man-
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FIGURE 20.3. Recovery area
immediately adjacent to the
office operating room. Tool
gurneys with rails are shown
where patients spend the next
few hours for immediate re-
covery. They then proceed
(walk) to the recliner to await
discharge.
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agement. Once an anesthetic plan is formulated, safe
delivery must be ensured. Adequate monitoring of
the patient from the initial administration of the anes-
thetic agent until such time as the patient is no longer
at risk is mandatory. Monitoring should include, but
not be limited to, constant monitoring of the blood
pressure, ECG, and oxygen saturation via pulse
oximetry. Additionally, preparedness for known
consequences of anesthetic administration, as well
as unforeseen problems, is a given. Most problems
arising in this setting involve airway management
and, to a lesser extent, hypotension, brachycardia, or
both. Having said this, there is no reason why a qual-
ified, alert, well-prepared anesthesia care provider
cannot provide excellent, reproducible results with a
high degree of safety.

Monitored anesthesia care (MAC) is the most
commonly employed technique for office anesthe-
sia when foot and ankle arthroscopy is performed.
In conjunction with local and intraarticular injec-
tion, MAC provides a safe, effective anesthetic tech-
nique for foot and ankle arthroscopy. When using
MAC, reversible or short-acting intravenous agents
(or both) are preferred. The most common drugs
used in this setting are midazolam (Versed) and fen-
tanyl (Sublimaze).

Anesthesia for office arthroscopy of the foot and
ankle includes intraarticular injection, portal site in-
jections, and light intravenous sedation. The intraar-
ticular injection consists of 0.25% bupivacaine (Mar-
caine) with epinephrine. It is important to wait at
least 10 minutes after this intraarticular injection for
synovial absorption prior to starting the arthroscopy.
The portal sites are injected at the same time with a
second syringe containing a mixture of 0.25% bupiv-
acaine with epinephrine and lidocaine (Xylocaine)
1% plain. Usually, potential portal sites are injected.
The usual sites include the anterolateral, anterome-
dial, and posterolateral portal sites. Other portal sites
are injected during the procedure as needed.

Attention has been given in recent years to the
toxic levels of bupivacaine. The dosage used for of-
fice arthroscopy, even with supplemental portal site
injections during the procedure, is far below the re-
ported toxic levels for bupivacaine. The 1% lido-
caine used during the procedure is far below the re-
ported toxic levels for that drug as well.

Light intravenous sedation, which is administered
by the surgeon just prior to the arthroscopic proce-
dure itself, includes midazolam HCl 0.025–0.05
mg/kg and fentanyl 2 �g/kg. These agents are ad-
ministered consecutively over an approximately 2-

to 3-minute period. The patient is monitored during
administration of this intravenous sedation. Nalox-
one (Narcan) 1 mg/cc is available on the anesthesia
cart, as is flumazenil (Mazicon) 0.1 mg/cc. Although
rarely utilized, these agents are necessary to reverse
the effects of fentanyl and midazolam, respectively,
if reversal should become necessary.

MONITORING EQUIPMENT

The monitoring equipment necessary when intra-
venous sedation is used during the procedure in-
cludes a pulse oximeter, ECG monitor, and a blood
pressure monitor with printout. The printouts become
part of the patient’s office record. The presence of
a registered nurse (RN), certified physician’s assis-
tant (PA-C), certified registered nurse-anesthetist
(CRNA), or physician familiar with these monitor-
ing devices is mandatory. Oxygen is administered
during each procedure if intravenous sedation is
used. A nasal cannula or mask is utilized. Oxygen
is administered at 6 L/min.

Equipment for CPR must be available in the OR.
Care should be taken to ensure that this resuscita-
tive equipment is in good working order. Basic CPR
equipment includes a defibrillator, CPR board,
ambu bag, endotracheal tubes, laryngoscope with
several blades, and oxygen. The crash cart should
include the appropriate medications for CPR.

In addition to the equipment necessary for action
in case of a cardiopulmonary event, a working
knowledge of CPR by the OR team is mandatory.
Basic CPR certification by the entire team is rec-
ommended. Consideration should be given to tak-
ing an advanced life support (ACLS) course.

Arrangements should be made with a nearby hos-
pital for transfer of patients in case of an emergency.
A local ambulance service should be available for
patient transfer if necessary. The above precaution-
ary measures are recommended if intravenous se-
dation is to be used in the office OR. No overseda-
tion or cardiovascular incidents occurred during the
first 100 knee arthroscopy procedures in our office.1

Being prepared for such an occurrence is the re-
sponsibility of the surgeon.

STAFF

The staff necessary to perform smooth office foot
and ankle arthroscopy comprises three team mem-
bers in addition to the surgeon. A registered nurse,
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a PA-C, or a nurse-anesthetist is necessary to mon-
itor the patient after the surgeon has administered
the intravenous sedation. Some surgeons prefer that
the sedation be administered by an anesthesiologist.
When the patient is taken from the office OR to the
examination room at the completion of the proce-
dure, the individual who has been monitoring the
patient throughout the procedure accompanies him
or her.

A circulating nurse is necessary to ensure that the
proper instruments, sutures, dressings, and other
equipment related to office arthroscopy are avail-
able during the procedure. The circulating nurse is
responsible for cleaning and turning over the room
between cases, in addition to helping the surgeon
during the procedure.

A surgical assistant is necessary during the pro-
cedure to assist the surgeon and in certain cases to
hold the arthroscopy instruments or the arthroscope
itself. The assistant usually stands on the contralat-
eral side of the lower extremity from the surgeon.
The surgical assistant can be another physician or
any individual who is trained and competent as an
arthroscopy assistant.

If the arthroscopy assistant is another physician,
a PA-C, or an RN, he or she can start the intravenous
infusion in the next patient and inject the joints of
the ankle and portal sites. The surgeon is therefore
free to talk to the previous patient and patient’s fam-
ily, dictate the notes on the case, return phone calls,
and even see patients.

PREOPERATIVE MANAGEMENT

Several items require attention on the day before the
procedure, well before the patient’s arrival. Charts
and radiographs must be reviewed. Consent forms
must be completed and awaiting the patient’s sig-
nature. An intravenous tray and pole should be set
up in the examination room or preoperative area.
The OR, of course, must be ready to go. The effi-
ciency for the surgeon is greatly increased if these
steps are accomplished. A checklist of all items nec-
essary for surgery is reviewed the day prior to the
procedure.

If the surgeon and staff are prepared, the patient
has the correct impression that the surgical routine
has been performed many times before in the office
setting. This preparation goes a long way toward
providing a more positive experience for the patient
and the patient’s family. The patient arrives 20–30

minutes prior to the procedure. Once checked in at
the front desk, the patient is taken back to the ex-
amination room or preoperative area. The chart is
reviewed with the patient, and the involved extrem-
ity is reexamined. The patient marks and initials the
operative extremity with an indelible marker. The 
patient’s diagnosis and planned procedure are dis-
cussed. Questions are answered, and the consent form
is signed. Any family members who are with the pa-
tient are sent to the waiting room prior to injecting
the local anesthesia. The patient is given a pair of ex-
amination shorts and a surgical gown. Shoe covers
are placed over the patient’s bare feet. An intravenous
infusion is started with 5% dextrose/Ringer’s lactate
and adjusted to a slow drip.

The foot and ankle are shaved and cleaned with
a betadine alcohol preparatory solution (DuraPrep).
Local anesthetic intraarticular and portal injections
are then performed as described earlier in the Anes-
thesia section.

EQUIPMENT

Standard arthroscopy equipment is required for an-
kle arthroscopy as described above. A 4.0, 3.0, or
2.7 mm arthroscope may be used. The 2.7 mm
arthroscope is easier to manipulate in the small
space of the foot and ankle joint. Likewise, standard
size or small joint (2.0 or 2.7 mm) motorized suc-
tion shavers may be used. Again, small joint shavers
are easier to manipulate in the small space of the
foot and ankle joint. These small shavers, however,
are much less aggressive and slower for débride-
ment. Standard-size shavers (3.5–5.5 mm) are more
aggressive but are more likely to cause chondral
scuffing of the talar dome and tibial plafond when
being swept between the tibiotalar articulation and
other joints of the foot. They are, however, easily
introduced into the medial and lateral recesses
through anteromedial and anterolateral portals, re-
spectively. Therefore the availability of both size
shavers is ideal. Small-joint arthroscopic probes,
burrs, punches, and graspers are also useful. Skele-
tal ankle distraction cannot be performed in the of-
fice under local anesthesia with sedation and is not
necessary. Noninvasive distraction is well tolerated
with local anesthesia and sedation. Again, familiar-
ity with ankle arthroscopy, with its minimization of
operative time (and therefore distraction time), is
important. Commercially available distractors may
be used.
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PATIENT POSITIONING

The patient is placed supine on the operating table.
The ankle distractor is placed in the appropriate po-
sition prior to preparation and draping. The surgeon
and first assistant then perform a surgical scrub with
hexachlorophene (Septisol) foam solution for 2 min-
utes if the procedure is the first of the day. A Sep-
tisol foam scrub for 1 minute is adequate for sub-
sequent procedures that same operating day. A
surgical scrub sink is not necessary.

The patient is prepared with an iodophor and iso-
propyl alcohol (DuraPrep) solution for 2 minutes.
The extremity is then draped using the specially de-
signed office arthroscopy draping pack. The surgi-
cal procedure is then performed.

SURGICAL TECHNIQUE

After preparation and draping, the foot of the oper-
ating table is flexed approximately 30 degrees. Sur-
face anatomic landmarks may be marked on the an-
kle prior to local anesthesia or at this time. Such
landmarks include the dorsalis pedis, superficial
peroneal nerve, tibialis anterior, peroneus tertius,
medial and lateral malleoli, ankle mortise, and
Achilles tendon. Appropriate landmarks for other
joints of the foot should also be marked in a simi-
lar fashion. The sterile straps of the ankle distractor
are wrapped over the anterior aspect of the midfoot
and posterior aspect of the heel, and distraction of
the ankle joint is then applied by an assistant.

POSTOPERATIVE MANAGEMENT

At the conclusion of the procedure, dressings are ap-
plied and the patient is placed in a solid ankle foot
orthosis (short leg walking boot). The patient is
given an injection of ketorolac tromethamine
(Toradol) 60 mg IM or 30 mg IV.

The patient is then asked to exit the OR with as-
sistance and is allowed to walk back to the exam-
ining room accompanied by the person who moni-
tored him or her during the procedure. Upon
entering the examining room, the patient sits in a
chair with the operated extremity elevated. A com-
pressive ice wrap is applied to the operated ex-

tremity. Crutches are provided if needed. Simple
crutch training can be given by the nursing staff or
a physical therapist if available.

The arthroscopy findings and the surgical proce-
dure are then discussed with the patient and the pa-
tient’s family. The patient is given comprehensive
postoperative instructions, both verbal and printed,
as well as appropriate prescriptions. He or she is
then allowed to dress and leave the office. The pa-
tient is not allowed to drive home independently.

When leaving the office, the intraarticular and
portal site anesthesia is still in effect. The patient is
given prescriptions for hydrocodone and cephalexin
upon leaving the office. At home the patient should
elevate the extremity as much as possible during the
next 48 hours. The patient should avoid taking as-
pirin or other medications that might alter platelet
functioning and clotting. Foot and ankle range of mo-
tion exercise is encouraged immediately upon arrival
home to enhance venous drainage from the extrem-
ity. The patient is allowed to become increasingly
active during the next 2–3 days prior to the start of
the home exercise program or physical therapy.

Frequently, patients experience an acceleration of
postsurgical discomfort when the bupivacaine por-
tion of the intraarticular injection wears off after
surgery, about 4–8 hours following the surgical pro-
cedure. The patients are warned of this possibility
and are asked to take the oral hydrocodone.

The patient returns to the office approximately
2–3 days after the surgery, at which time the ankle
is inspected, dressings are changed, and Band-Aids
are applied. The patient begins rehabilitation at a
time dictated by the procedure performed.

The turnover time between cases in the OR is typ-
ically 10–15 minutes, although surgeons just start-
ing an arthroscopy program should allow as long as
an hour. There is a learning curve, especially for the
staff, that shortens the turnover time as experience
is gained. Scheduling patient arrival times varies 
accordingly.
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chapter 21

Regional Anesthesia for 
Ankle Arthroscopy

Thomas J. Guhl

Several methods can be used to provide anesthesia
for ankle arthroscopy. This chapter deals mainly
with the use of regional techniques to accomplish
this goal. These methods can be used in conjunc-
tion with sedative/hypnotic medications to attain the
optimum comfort for the patient provided the pro-
cedurist is skilled at giving these medications. Oth-
erwise, I recommend that a trained provider of anes-
thesia be present to ensure the safety and comfort
of the patient, allowing the surgeon to concentrate
on the procedure at hand.

LOCAL ANESTHETICS

No text on regional techniques is complete without
a brief discussion of the drugs used to obtain anes-
thesia. This section discusses the local anesthetic
agents that are generally used and reviews impor-
tant information to allow the practitioner to choose
the appropriate one. It is necessary to understand the
basic characteristics of local anesthetics to use them
effectively. The simple physicochemical properties
become more complex when applied to the indi-
vidual patient, especially those who have moderate
to severe medical conditions that compromise their
function and reserves.

Structure

There are essentially two classes of local anesthetics,
grouped according to their basic chemical structure.

They are divided into the “ester” and “amide” com-
pounds, with the difference lying in the linkage be-
tween the common aromatic, hydrophilic portion and
the amino group. The importance of this division lies
mainly in their metabolism. The “ester” compounds
are metabolized by plasma cholinesterase, producing
paraaminobenzoic acid, a common allergen. The
“amide” compounds are metabolized by the liver, and
the potential for allergic reactions is minimal.

The main physicochemical properties that are 
of importance include the following: Lipid solubil-
ity correlates with potency in that the more lipid-
soluble the agent the greater is its potency. Protein
binding of the anesthetic agents influences the du-
ration of action, whereby increased protein binding
leads to decreased release of the substance for me-
tabolism, increasing the duration of action. Finally,
the pH or pKa of the drug, which determines its ion-
ization, affects the speed of onset of the drug ac-
tion. The nonionized form crosses the neural mem-
brane readily, whereas the ionized form is chiefly
responsible for the drug’s effect. When the pKa of
the drug is close to the physiologic pH of the body,
the onset of action is more rapid.

Function

In simplistic terms, the function of local anesthetics
is to block the sodium channels of the neuron, which
in turn inhibit propagation of the nerve impulse along
the axon. Nerve propagation begins when the thresh-
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old potential of a neuron is exceeded, causing an in-
crease in membrane permeability for Na�. This sud-
den influx of Na� causes depolarization of the nerve
membrane, which is conducted down the length of
the nerve. As the nerve impulse travels down the
nerve, Na� influx decreases and K� outflow reaches
its peak. The ion pump then exchanges Na� and K�,
returning the membrane to its resting potential.

This action of local anesthetics is to penetrate the
lipid membrane via its nonionized state. Once in-
side the cell, the local anesthetic dissociates into its
charged form, which then binds to the intracellular
side of the sodium channel, blocking the movement
of Na� ions and so blocking the action potential
from developing and inhibiting nerve transmission.

FACTORS AFFECTING LOCAL 
ANESTHETIC FUNCTION

Vasoconstrictors

The addition of vasoconstrictors such as epineph-
rine allows an increase in the duration and intensity
of neural blockade by causing an increase in the
length of time the nerve tissue is being penetrated.
It also has the effect of decreasing toxicity by slow-
ing absorption into the bloodstream.

Bicarbonate

Some have recommended adding bicarbonate to
produce a faster onset of the nerve block. This prac-
tice increases the pH and pKa, thereby allowing
more unchanged local anesthetic to penetrate the
nerve membrane faster. Local anesthetics are usu-
ally supplied at a low pH to prolong storage.

Dosage

The onset, quality, and duration of the blockade is
determined essentially by the total dose of the anes-
thetic used. Varying the concentration does not mat-
ter if one uses the same total amount of drug in mil-
ligrams. Volume usually does not affect these
factors with peripheral nerve blockade.

Combinations

Combinations of local anesthetics have been used
to combine the favorable characteristic of each

agent, such as rapid onset and duration of action.
This practice has met with mixed results, as other
factors (e.g., pH) may be altered, thereby changing
the characteristics and sometimes negating the ad-
vantage sought.

Toxicity

The toxicity of local anesthetics is usually due to di-
rect intravascular injection of the medication and
only rarely to the cumulative dosage. Central ner-
vous system (CNS) toxicity is usually most appar-
ent. As blood levels increase, patients may begin 
to experience such things as perioral paresthesias,
tinnitus, lightheadedness or dizziness that can 
progress to confusion, slurred speech, or other un-
usual mental status changes. Eventually, if left
unchecked, the endpoint is grand mal seizures.
Methods to prevent such toxicity are to inject a small
dose (i.e., 1–2 ml) of local anesthetic and monitor
the patient for signs and symptoms before proceed-
ing with larger doses. Intravascular injection may
be detected early when the local anesthetic has epi-
nephrine added, as the epinephrine may cause 
tachycardia and hypertension. Nonetheless, safe 
administration, continuous monitoring, and vigi-
lance are the best methods for preventing adverse
outcomes.

Cardiovascular toxicity is due to local anesthetic
action on the heart and vasculature. Usually hy-
potension is an early sign and is due to myocardial
depression combined with peripheral vasodilation.
It worsens progressively with increasing blood lev-
els; later signs are decreases in heart rate and con-
duction. These alterations can lead to cardiac arrest
if they go unnoted. Bupivacaine, specifically, and
the other, more potent anesthetics are most likely to
cause this problem.

SPECIFIC AGENTS

Esters

Procaine (Novacaine) was one of the first local
anesthetics in use, but its slow onset, short duration,
and low potency have limited its use, as has its al-
lergic potential. Tetracaine (Pontocaine) is used
mainly for its potency and long duration of action.
Its drawbacks are high toxicity and poor tissue dif-
fusion, rendering it essentially useless for peripheral
nerve blockades.
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“Amides”

Lidocaine (Xylocaine) is the most commonly used
local anesthetic because it has a fairly rapid onset,
moderate duration of action, and moderate potency.
Moreover, it is relatively safe to use when adminis-
tered with care. Bupivacaine (Nesacaine, Sensor-
caine) is an excellent agent for peripheral nerve
blockade because of its ability to produce differen-
tial blockade: sensory fibers are blocked more in-
tensely and for a longer duration than motor fibers.
This provides an earlier return of function before the
anesthesia and analgesia effects dissipate. Its disad-
vantages include greater toxicity and a slower onset
of action compared to lidocaine. Mepivacaine (Car-
bocaine) has a profile similar to that of lidocaine, with
a slightly longer duration of action. Prilocaine (Ci-
tanest) is less toxic than other “amides” owing to its
rapid metabolism, but its propensity to cause methe-
moglobinemia and cyanosis is a major drawback.
Otherwise, it has a rapid onset, high potency, and
moderate duration of action. Ropivacaine (Naropin)
is similar to bupivacaine except it has the advantage
of being less cardiotoxic and creating a greater dif-
ferential blockade (sensory more than motor block-
ade). Etidocaine (Duranest) has a rapid onset and long
duration of action but is more toxic than lidocaine
and can produce stronger motor than sensory block-
ade, making it less desirable.

EQUIPMENT

The essential pieces of equipment necessary are es-
sentially those that deliver the medication and those
that provide resuscitation for adverse events.

1. Syringe. I recommend the use of a 10 cc con-
trol syringe, one with eyelets for the thumb, index,
and middle finger. This allows proper administra-
tion of medication during the block yet leaves one
hand free to palpate landmarks. The 10 cc is ade-
quate to deliver appropriate amounts of medication
without frequently refilling the syringe. Also, the
force of aspiration with the smaller syringe size al-
lows one to be able to detect intravascular injections
more readily. An alternative to the control syringe
is to have a needle with extension tubing attached
to a syringe. This requires two people; the person
performing the block and an assistant who aspirates
and injects the syringe’s material under the practi-
tioner’s guidance.

2. Needles. The optimum needle for peripheral
nerve blockade is a short, blunt, beveled, or “B”
beveled, needle. The blunt bevel produces less
trauma to nerve tissue and allows greater perception
of tissue planes. The smaller needle gauge provides
less trauma but does not allow adequate aspiration
of blood. Therefore, a 22 or 23 gauge needle is the
best compromise.

3. Resuscitative equipment. This must include all
appropriate materials required to provide advanced
cardiac life support, as recommended by the Amer-
ican Heart Association. It should include materials
to intubate, ventilate, defibrillate, and medicate the
patient should an adverse event occur. Before any
regional procedure, this equipment must be avail-
able with trained personnel present.

TECHNIQUES

Informed consent must be obtained, after a complete
discussion of all the alternatives to ensure the pa-
tient’s comfort and optimize the success of the pro-
cedure. Intravenous access is recommended for the
purpose of administering sedative agents as well as
resuscitative medication as needed. Once everything
is in place, one can proceed with the anesthetic.

The one caveat when choosing peripheral nerve
blockade at the ankle or foot is that the injection
sites must be above the portal sites for ankle (and
foot) arthroscopy (Fig. 21.1). Ankle blockade is a
simple, relatively safe procedure that allows block-
ade of five peripheral nerves. Use of non-epineph-
rine-containing local anesthetic is recommended.

1. Deep Peroneal Nerve. The deep peroneal
nerve lies lateral to the anterior tibial artery and the
tendon of the extensor hallucis longus muscle, ap-
proximately 2–3 cm above the level of the malleo-
lus. Palpate the artery or ask the patient to point the
great toe upward. After a skin wheal is placed just
lateral to these landmarks, advance the needle to con-
tact the tibia, withdraw a few millimeters, and inject
3–5 ml of the local anesthetic. This anesthetizes the
web space of the first and second digits.

2. Superficial peroneal nerve. The superficial pe-
roneal nerve supplies the dorsum of the foot and toes
except for the area supplied by the deep peroneal
nerve. The nerve can be blocked by subcutaneous in-
filtration of local anesthetics (5–10 ml) from the an-
terior tibia to the lateral malleolus above the portal
sites in an intradermal or subcutaneous fashion.
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FIGURE 21.1. Anatomy and technique for neural blockade of nerves
at the ankle.
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3. Sural nerve. The sural nerve supplies the lat-
eral side of the foot and lateral portion of the fifth
toe. To block it, insert the needle lateral to the
Achilles tendon and infiltrate with 3–5 ml to the lat-
eral malleolus’s superior outer border in a fanwise
distribution.

4. Saphenous nerve. The saphenous nerve sup-
plies the medial portion of the foot to the metatar-
sophalangeal joint. It can be blocked by subcuta-
neous infiltration of 3–5 ml of local anesthetic,
proceeding medially from the superior aspect of the
medial malleolus to the anterior tibia.

5. Posterior tibial nerve. The posterior tibial nerve
supplies the medial side of the foot and plantar sur-
face of the toes. The block is performed by rotating
the ankle externally, palpating the posterior tibial
artery, and placing the needle lateral to this point. One
can attempt to elicit a parethesia by advancing the
needle perpendicular to the posterior aspect of the
tibia. If paresthesias are not elicited, advance the nee-
dle until the tibial surface is contacted; then withdraw
1 cm and inject 5–8 ml of the local anesthetic.

OTHER ANESTHETIC TECHNIQUES

Nerve blocks at the knee should be used when an-
kle block is not feasible, as during prolonged tourni-
quet application. It requires the patient to be prone

during blockade of the tibial and common peroneal
nerves. Otherwise, its safety and efficiency nearly
rivals that of the ankle block. It is recommended that
it be performed by a trained specialist.

Also known as an IV or Bier block, intravenous
regional anesthesia is used when a tourniquet is ap-
plied to the extremity where exsanguination and oc-
clusion of the dorsal limb can be obtained. A large
volume of dilute local anesthetic, usually lidocaine,
is then injected. The advantage is rapid anesthesia
with a bloodless field. The disadvantage is that once
the tourniquet is released the anesthetic dissipates
and does not provide any postoperative pain relief.
This technique should be performed by personnel
familiar with it.

CONCLUSIONS

This chapter has concentrated on the regional tech-
niques needed to provide anesthesia for ankle
arthroscopy. They can be used in an outpatient set-
ting when the required equipment and personnel are
present. Intravenous sedation used as an adjunct to
regional anesthesia can provide optimal conditions
for the patient, especially when administered by
trained personnel. It provides the added benefit of
patient safety. Obviously, general anesthesia is a vi-
able alternative.
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chapter 22

Rehabilitation after 
Ankle Arthroscopy

Lars Konradsen and Per F.A.H. Renstrom

The goals of rehabilitation after most ankle arthros-
copies are to restore (1) range of motion, (2) mus-
cle strength, (3) proprioception, and (4) coordina-
tion of movement to a preinjury level. This chapter
discusses the normal requirements for each of these
functions and the causes of their restrictions or
deficits. The function of the foot/ankle complex dur-
ing gait and the kinematics during running are pre-
sented. Also discussed are the scientific basis 
behind relevant rehabilitation modalities and pro-
grams for acute postoperative and long-term ankle
rehabilitation.

NORMAL REQUIREMENTS

Range of Motion

To be able to perform a movement with ease, the
movement must lie within the range of passive mo-
tion of the foot/ankle complex. An inability to par-
ticipate in various activities can occur with de-
creased passive motion. For example, a slight loss
of ankle plantar flexion would be considered a hand-
icap by professional dancers, whereas it would not
be of significance to most people in their everyday
life. In contrast, an inability to dorsiflex the ankle
at least 10 degrees beyond neutral would cause any-
one to limp while walking, no matter how well the
elements of strength, coordination, and propriocep-
tion were trained.

Anatomically, the foot/ankle complex is usually
divided into the talocrural and the subtalar joints. The
range of passive motion of the talotibial joint varies
from one report to another, mostly owing to differ-
ences in methods of measurement. Maximal dorsi-
flexion ranges from 10 to 23 degrees and maximal
plantar flexion from 23 to 48 degrees.1,2 From max-
imal dorsiflexion to maximal plantar flexion, all of
the articular surface of the talus at some point is con-
tained under the tibial articular surface. The main re-
striction for passive dorsiflexion in the health sub-
ject is the Achilles tendon complex, whereas plantar
flexion is stopped by tightened anterior tendon struc-
tures or by posterior bony impingement.

The subtalar joint (talocalcaneonavicular joint
complex) rotates around an axis that continuously
changes during movement.3 The axis has a 42 de-
gree inclination in the sagittal plane and 23 degrees
of medial deviation in the horizontal plane.4 The
range of motion is variable, but 30 degrees of in-
version and 10 degrees of eversion is a practical av-
erage in clinical settings.5

When considering the ankle for rehabilitation, it is
important to consider the movement of the ankle/foot
complex in a field of motion that mirrors a combi-
nation of talotibial and subtalar movements (Fig.
22.1).6 This field is individual and can decrease with
age. Injury can affect large or small areas of the field.
If the arthroscopic procedure has removed the cause
of a decreased field, rehabilitation must try to restore
it to what was normal for the individual.
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A reduced field of motion can be caused by both
mechanical and dynamic restrictions. Mechanical re-
strictions include bony restraints, capsular contrac-
ture, and increased passive muscle/tendon resistance.
Bony spurs and synovitis in the anterior compartment
of the talocrural joint have been mentioned in previ-
ous chapters as a cause of reduced dorsiflexion. The
arthroscopic procedure usually addresses these
changes. In the presence of decreased dorsiflexion,
contracture of the soleus complex may occur, adding
to the problem, reducing the immediate effect of an
anterior decompression procedure. Dynamic restric-
tions may be involuntary or voluntary. Increased
muscle tone due to spinal or central nervous system
(CNS) disease may involuntarily restrict ankle move-
ment, whereas other CNS or general diseases or lo-
cal tendon or nerve affections may make it impossi-

ble for the subject to utilize part of the field of mo-
tion open to her or him. Voluntary restrictions to
range of motion may be induced if pain elicited from
the joint or from periarticular structures causes the
subject to avoid movements in an area of the field
that would elicit pain. For example, a subject may
decide to avoid eversion movements and choose to
walk with increased inversion during the stance phase
to avoid loading a chondral lesion on the lateral talus.

MUSCLE STRENGTH

There are 32 muscles—13 extrinsic and 19 intrin-
sic—that control the actions of the foot. The ex-
trinsic muscles of the calf are responsible for the
major torque generation of the talotibial and subta-
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FIGURE 22.1. Range of motion of the
foot/ankle complex. A: Oval contour
of the field of motion. TC, contribu-
tion of the talocrural joint; TCN, con-
tribution of the talocalcaneonavicular
joint; DF, dorsiflexion; PF, plantar
flexion; ABD, abduction; ADD, ad-
duction. B: Field of motion in various
age groups. NB, newborn; 2Y, 2
years old [and so forth.] (From Sar-
rafian SK. Anatomy of the Foot and
Ankle. Philadelphia: Lippincott,
1993;476, with permission.)
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lar joints. They can be categorized into antagonis-
tic groups responsible for (1) dorsal/plantar flexion
or (2) inversion/eversion, but due to the oblique
placement of the subtalar axis dorsal/plantar flexors
have an element of inversion/eversion action and
vice versa (Fig. 22.2).4 Even the soleus muscle with
its Achilles tendon attachment on the calcaneus me-
dial to the subtalar axis acts with an inversion com-
ponent. The gastrocnemius and the soleus complex
have a primary propulsive function as the strongest
plantar flexors of the talotibial joint. Their function
is mediated through the subtalar joint, however,
which requires that many of the other muscles work
in combination to secure the stability of the foot and
ankle complex.

It is not possible to define required levels of
strength for each of the crural muscles. Activities
of daily living do require a substantial degree of
force generation from the muscles working against
gravity. Various components of muscle strength
must be considered. Peak or maximal muscle
strength in both isometric and isokinetic setups is
often used as a measurement of functional muscle
ability, especially in rehabilitation situations. Max-
imal muscle strength, however, indicates only if it
is within the ability of the individual to perform a
specific task. If a muscle is too weak to do a nec-
essary task, other muscles that can create a similar
torque must be recruited, as is seen for the tibialis
posterior in the presence of Achilles tendon defi-
ciency, or another pattern of motion must be sought,
as in cases of peroneal nerve palsy. In either case
other structures are at risk of being injured because
of overload.

Often maximal strength seems to be sufficient but
muscle endurance is reduced, rendering the muscle
too weak for the task after a number of repetitions.
Finally, the balance between antagonistic muscles
may have been disturbed, rendering one of the seem-
ingly strong muscle groups too weak (compared to
the antagonists) to be able to provide functional bal-
ance. Thus excessive ankle inversion strength com-
pared to ankle eversion strength seems to predispose
to repeated lateral ankle ligament injuries.7

Injury, immobilization, and reduced muscle acti-
vation result in muscle wasting as early as 1–2
weeks after the onset. The degree of muscle atro-
phy depends on the duration of immobilization (the
longer the immobilization, the greater the atrophy)
and the position of immobilization (tissue under ten-
sion atrophies significantly less than when placed in
a relaxed position).8 Persistent reduction in muscle
strength continues for years after the primary injury.
In healthy individuals the peak force and muscle
cross-sectional area correlate well, but after injury
the reduction in maximal peak force is greater than
suggested by the reduction in the cross-sectional
area. Neural factors are responsible for this dis-
crepancy. In the injured or immobilized state, full
activation might not be possible because of an un-
specific effect of disuse by the lack of optimal nerve
drive or it may be due to reflex inhibition.9 Inhibi-
tion of muscle activation may be present even
though there is no pain or discomfort. A mild joint
effusion causes a significant reduction in muscle 
activation ability.9 Pain impedes muscle activation
as well.
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FIGURE 22.2. Motors of the ankle and the talocalca-
neonavicular joint. X–X�, axis of the TCN joint; Y–Y�, axis
of the talocrural joint; INV, inversion; EVE, eversion; DF,
dorsiflexion; PL, plantar flexion. Invertors: TA, tibialis an-
terior; TP, tibialis posterior; FDL, flexor digitorum longus;
FHL, flexor hallucis longus; TS, triceps surae. Evertors:
PL, peroneus longus; PB, peroneus brevis; EHL, exten-
sor hallucis longus; EDL, extensor digitorum longus; TA,
tibialis anterior; PT, peroneus tertius. Plantar flexors: TP,
FDL, FHL, TS, PL, PB. Dorsiflexors: TA, EHL, EDL, PT.
(From Sarrafian SK. Anatomy of the Foot and Ankle.
Philadelphia: Lippincott, 1993;551, with permission.)
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PROPRIOCEPTION

There are numerous receptors for motion and posi-
tion sense in the capsule and ligaments of the ankle
joint.10 These receptors are complemented by mus-
cle/tendon receptors and cutaneous receptors in the
surrounding skin and subcutaneous tissue.11 Affer-
ent information from these receptors, collected and
processed in cortical centers, constitutes proprio-
ception: the sensation of limb position and limb and
joint movement.12 The ability to sense limb posi-
tion and movement is extremely accurate. Slow
movements of about 1 degree are detectable, and re-
production of joint angles can be done within 2 de-
grees of accuracy.13,14

Ankle proprioception is primarily governed by
input from the ankle area. It is not only receptors in
ankle ligaments and capsule that supply the neces-
sary information, however, as local anesthetic in-
jections in these areas did not affect movement
threshold detection or postural stability.15 Totally
stopping afferent information from the ankle/foot
area by an ankle block results in decreased ankle
angle reproduction abilities.16 If the crural muscles
are allowed to be active, however, mechanorecep-
tors here are able to supply the input that quite ac-
curately judges ankle position.

Loss or gross deterioration of proprioception as
seen with degenerative neuropathic diseases can
cause destruction of the joints, as with Charcot feet.
However, acute injury to the ankle (e.g., ankle
sprains) may also result in a proprioceptive def-
icit.17–19 In subjects with repeated inversion injuries,
a proprioceptive defect can be measured as impaired
postural control,20 as an increased reaction time for
the peroneal muscles in response to sudden inver-
sion,21 as increased detection threshold to ankle
movement,22 and as an increased error in ankle an-
gle reproduction.14

MOTION PATTERNS

When repeating known sequences of movement
(e.g., walking, running, balancing), we usually rely
on preprogrammed patterns.23–25 Each pattern can
then again be altered or modified based on afferent
input.23 New tasks often are approached using pat-
terns that have proven successful from previous ex-
perience in similar situations combined with
markedly increased activity of all of the muscles that
may be needed for the task. With increased experi-

ence, fewer and fewer muscles are recruited, and the
muscles that are involved show decreasing activity,
resulting in less fatigue.26 In cases of functional im-
pairment of the ankle joint due to altered mechan-
ics or painful conditions, a new gait pattern may be
chosen by the subject. With time, a crossover effect
is seen, affecting the pattern of the normal limb as
well. Relieving the initial mechanical or pain prob-
lem by surgery often does not change the pattern of
movement to normal; this must be relearned, often
in the beginning with the overrecruitment of mus-
cle activity, as is seen when learning new tasks.

LOCOMOTION: GAIT CYCLE

Walking requires constant maintenance of body
equilibrium while achieving forward propulsion. For
the body to stay in equilibrium, the gravitational
force acting in the center of gravity should pass
through the supporting surface of the foot or through
the support base, which is defined by both feet joined
anteriorly and posteriorly by a double tangent.27

Walking requires the coordinated movement of all
major parts of the body, and displacements occur in
three planes of space, which must be considered for
adequate rehabilitation. The pelvis and lower ex-
tremities move in phase, whereas the upper back,
shoulders, and upper extremities move out of phase
relative to the lower segments. The support phase of
walking accounts for approximately 60% of the cy-
cle and the swing phase 40% (Fig. 22.3).

Rotational Movements

The pelvis, femur, and tibia rotate inward from heel-
strike to 20% during the walking cycle and then ro-
tate externally from this point until toe-off (Fig.
22.3). The average total ranges of rotational motion
are as follows: pelvis, 8 degrees; femur, 15 degrees;
tibia, 19 degrees. Distally, transverse rotation is
transmitted to and absorbed by the ankle/foot com-
plex. Because of the obliquity of the talocrural joint
axis, a limited degree of transverse rotation can be
absorbed by concomitant dorsiplantar flexion. The
major transmission of tibial rotation occurs at the
level of the subtalar joint. At heel-strike, the subta-
lar joint is slightly inverted, followed by eversion,
which peaks at foot-flat and is maintained during
the major portion of the stance phase. Just prior to
heel-off the subtalar joint is inverted followed by
eversion close to a neutral position during the swing

274 / L.K. Konradsen and P.F.A.H. Renstrom

4530_e22_p271-286  11/7/03  11:36 AM  Page 274



phase. The motion of the subtalar joint during the
stance phase averages approximately 6 degrees.28

According to Mann, the internal rotation of the
lower extremity is initiated distally through subta-
lar eversion during weight-bearing and is transmit-
ted to the proximal joints.29 The external rotation of
the weight-bearing extremity is initiated proximally
through the swinging opposite lower extremity, pro-
ducing external rotation of the pelvis for the stance
leg. This external rotation is transmitted distally and
is further enhanced by the obligatory external rota-
tion of the leg through its anterior flexion during the
stance phase. Additional external rotation of the leg
occurs through the metatarsal break along the
oblique axis oriented posterolaterally at the time of
heel-rise.29

Regarding the sagittal plane motion, during the
stance phase the ankle goes from a 10 degree dor-
siflexed position to a 25 degree plantar-flexed po-
sition.4 During the swing phase the ankle is initially
plantar-flexed, followed by dorsiflexion to neutral
to clear the toes of the ground.

Stability of the Foot During Gait

At heel-strike the heel is minimally inverted. From
heel-strike and 20% into the cycle the tibia rotates

internally, the os calcis is everted at the subtalar
joint, and the forefoot is relatively supinated. As a
result, the foot is in a low-arched, closely packed
stable position acting as an efficient structure to sup-
port the body weight. The stretching of the plantar
ligaments helps them store elastic strain energy,
which can be returned during the latter part of the
stance phase during toe-off.28 The following exter-
nal rotation of the tibia during the progression of the
stance phase induces high-arched remodeling with
inversion of the os calcis and relative pronation of
the forefoot. The tension of the plantar soft tissue
structures is now maintained through anterior flex-
ion of the leg or relative dorsiflexion of the foot.
Thus the continuum of remodeling ensures stability
during locomotion from foot-flat to toe-off.

Forces on the Ankle During Gait

Forces are imparted to the ground by the body in
motion through the contact surface of the foot. At
the beginning of the stance phase, at heel strike, the
decelerating foot comes down and the heel cushion
strikes the ground with an initial shock wave, which
travels in the lower extremity with impulses up to
100 Hz.30 The initial vertical spike force is approx-
imately 80% of the body weight. A second force
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FIGURE 22.3. Normal gait cycle. (From Mulligan E. Lower leg, ankle, and foot rehabilitation. In: Andrews JR, Harrelson
GL (eds) Physical Rehabilitation of the Injured Athlete. Philadelphia: Saunders, 1991;217, with permission.)
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peak occurs at the middle of the cycle, surpassing
the body weight by 10%. The magnitude of the force
varies with the speed of the gait. Slow walk dimin-
ishes peak forces, and rapid walk increases them.

Electromyographic Activity During Gait

Some muscles (e.g., soleus complex and anterior tib-
ial muscle) show highly consistent cyclic patterns
that seem to express primarily preprogrammed
strategies. In contrast, other muscles (e.g., tibialis
posterior and the peroneal muscle group) show vari-
able activity, suggesting a pattern that relies more
on afferent input registering immediate foot/ankle
balance.

KINEMATICS OF RUNNING

Compared to walking, the floating noncontact phase
is 20% of the cycle time for jogging and 40% for
running.27 The support portion of the running stride
is generally categorized into the impact phase, mid-
stance phase, and push-off phase. The initial impact
usually begins at the lateral aspect of the heel with
the foot in slight inversion. In mid-stance, defined
as the time during which the entire foot is on the
ground, the subtalar joint passes from an inverted to
an everted position. Eversion continues to about
85% of the support phase, with maximum values
ranging from 5 to 25 degrees depending on various
factors including footwear. Seen in the sagittal plane
following initial footfall, the leg rotates forward, re-
sulting in about 20 degrees of ankle dorsiflexion. In
mid-stance the ankle begins to plantar-flex, reach-
ing a maximum of 20 degrees shortly after toe-off.

REHABILITATION MODALITIES 
AND SCIENCE

Improving Range of Motion and Flexibility

Stretching

The effectiveness of stretching techniques has been
attributed to neurophysiologic and mechanical fac-
tors.31,32 The neurophysiologic foundation of mus-
cle/tendon stretching is neural inhibition of the mus-
cle undergoing stretch. Decreased reflex activity
results in reduced resistance to stretch, which results
in further gain of range of motion.32 The biome-
chanical aspect relates to the viscoelastic properties

of the connective tissue. The viscoelastic properties
can be defined as two components of stretch.33,34

The elastic component allows elastic temporary
stretching, and the viscous component allows plas-
tic stretching with more permanent tissue elonga-
tion after the load is removed. The various stretch-
ing techniques can be categorized as ballistic
stretching, static stretching, contraction with relax-
ing stretching, and relaxing agonist contrac-
tion.32,35–37 The latter two are commonly referred
to as proprioceptive neuromuscular facilitation
(PNF) stretch techniques. A single stretch cycle has
been shown to reduce passive torque at a given joint
angle by about 20%.38 A plateau in torque decline
is reached after about 45 seconds of stretching. Us-
ing a PNF technique, an improvement in joint range
of motion compared to a static stretch can be ac-
complished.39,40 No measurable stretch effect re-
mains 1 hour after a single stretch cycle. Repeated
stretches are necessary to produce an effect that can
last more than 1 hour.38 Taylor et al.31 found that
four stretch cycles seemed to be the threshold for
producing maximal effect, but there is no scientific
support for their findings. We propose that stretch-
ing should be repeated regularly (e.g., every 6–8
hours) for a lasting effect.

When stretching, it remains important to remem-
ber that it is the movement sphere that must be re-
stored, not just movements in the usually defined
anteroposterior and lateral planes (see Figure 22.1).

Joint Mobilization

Joint mobilization addresses the accessory motions
of a joint (called “roll and glide”) using joint dis-
traction and oscillations of varying amplitude. Me-
chanical effects include stretching capsular restric-
tions and breaking adhesions, distracting impacted
tissue, providing movement of articular surfaces,
and maintaining fiber distance for an orderly align-
ment or remodeling of collagen tissue.41

Friction Massage

Friction massage is performed over an area of soft
tissue adhesions perpendicular to the direction of the
fibers. The technique is believed to encourage lon-
gitudinal orientation of the scar tissue instead of al-
lowing a disorganized connective tissue healing pat-
tern.42 It increases the strength of the tendon or
ligament involved and improves the extensibility of
the tissues.41 Friction produces significant hyper-
emia in the target area and may stress newly injured
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tissue to the degree of reinjury.41 The application of
friction massage to acute injuries cannot be advised.

Improving Muscle Strength

The principal measures to consider when choosing
a postoperative treatment program are the avoidance
of reflex inhibition and an increase in neural acti-
vation over the first 2–4 weeks after surgery. Re-
flex inhibition is prevented primarily by preventing
both short-term and long-term postoperative pain.43

As mentioned, a moderate degree of joint swelling
without pain can induce reflex inhibition,9 so pre-
venting effusion also becomes important through-
out the rehabilitation period.

Increased neural activation is achieved by func-
tional and dynamometer training.44 For functional
training the patient is required to activate his or her
musculature in normally occurring activities. Dy-
namic stability, including proprioceptive informa-
tion, motor control, and appropriate muscle force
development, is enforced by the training. Schedules
may start with walking and two-leg jumping and
progress to different levels of balancing, jumping,
jogging, and running. Strength, as measured with a
dynamometer, has been found to improve with this
functional approach.

During the early phases of dynamometer training
with isokinetic or variable resistance modalities the
increased neural activation plays a dominant role.
Here it seems that training at high speeds increases
high-speed maximal activation while not affecting
low-speed maximal activation, and vice versa.45

If reflex inhibition is avoided or overcome, a ma-
jor effect of training on muscle structure (muscle
hypertrophy) can be expected over the following
weeks. It does not seem important whether dy-
namometric training is done isokinetically or with
variable resistance.

Summary

Three postinjury/postsurgical periods can be identi-
fied.46 The first phase, with immobilization, re-
quires prevention of reflex inhibition and mainte-
nance of muscle structure. This period usually lasts
from day 0 to 1 week after surgery.

During the second phase, with activation, em-
phasis is placed on neutral activation through func-
tional training, and several training principles may
be employed. Dynamometer training during this

phase allows training of maximal effort with a sta-
bilized joint but should never be more important
than functional training. This period usually lasts
from week 2 to week 4.

During the third phase, with adaptation to func-
tion, the specific needs of the patient must be con-
sidered. The training regimen should include activ-
ities similar to the activities of daily living or
sport-specific functions of the patient. The need for
muscle strength and muscle endurance should be
kept in mind (Table 22.1). The third phase usually
starts after 4–6 weeks.

IMPROVING PROPRIOCEPTION AND 
MOTION COORDINATION

Treatment of a proprioceptive ankle deficit consists
of a progressive series of coordination exercises to
reeducate the ankle. Although the idea of rehabili-
tating proprioception seems well established, little
research has been done to establish the effect of
training on ankle-specific proprioceptive functions.
Tropp found significantly improved balance during
single-limb stance in functionally unstable ankles
after 10 weeks of balance-board exercises.20 The
same group reported a decrease in the frequency of
inversion injuries and ankle “giving way” feelings
when compared to an untrained, unstable ankle 
control group. Tropp also found that the subjects 
in question showed a change in their strategy of 
single-limb stance, going from a broken chain strat-
egy before training to the normal inverted pendu-
lum strategy after training was completed.20 It may
be that proprioceptive rehabilitation is as much a re-
learning program as it is physical recovery after
surgery.13 Often the subjects themselves have a
clear feeling of a perception/proprioception deficit
in the ankle joint area; they cannot “feel” the ankle
as they used to. When this “feeling” returns it seems
to co-coincide with complete rehabilitation. Lean-
dersson et al. found that return of single-limb bal-
ance to normal values coincided with a subjective
feeling of full rehabilitation in dancers.17 It can be
argued, however, that in this group balance during
single-limb stance was as much a specific functional
test as a nonspecific test for ankle proprioception.

Proprioceptive function is gained through coor-
dination exercises using unilateral balance boards,
uniaxial and multiaxial teeter boards, and jumping
ropes. Restitution of normal function relies primar-
ily on the individual’s subjective feeling of return
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to normal sensation, with the major effect of train-
ing seeming to be achieved within 6–10 weeks.

CONCOMITANT MODALITIES

External Compression

External compression using inflatable splints re-
duces blood flow and edema in the compressed
area.47,48 If the external pressure of an elastic ban-
dage can reach approximately 80 mm Hg, the ooz-
ing of blood in the acutely injured tissues is
markedly diminished.49

Cryotherapy

Cryotherapy consists of cold being delivered to the
target tissue by conduction. The primary objective is
to reduce hemorrhage, inflammation, edema, and
pain. Physiologically, the reduced temperature results
in arteriolar vasoconstriction, slowing the local in-
flammatory process and increasing the pain thresh-

old.50 There is an optimum temperature in terms of
vasoconstriction, as excessive cryotherapy causes va-
sodilatation.51,52 With appropriate cooling, blood
flow is reduced by two-thirds after 10–15 minutes.

The cryotherapy method is important. Ice chips
are superior to frozen gel packs, chemical ice, or
cool sprays.53 Maximal contact can be achieved
with cooling systems such as the Cryocuff, which
is used by many professionals during the postoper-
ative and rehabilitation phases. Although it achieves
beneficial short-term effects, cold therapy does not
seem to alter the outcome of tissue regeneration.50

Superficial Heat Application

Like cold, heat is transmitted to the body by con-
duction. When superficial heat is applied to the skin,
internal temperatures rise slowly, not exceeding
40°C, and the duration of the peak temperature is
relatively short.54 The heat-induced increase in
blood flow primarily occurs in vessels of the skin
and subcutaneous tissues, whereas deeper tissues
seem to be unaffected.55 The vasodilatory effect
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TABLE 22.1. Treatment modalities for muscle weakness

Treatment Main indications Advantages Disadvantages/limitations

Isometric exercise Limited joint mobility Easy to implement; choice No training of full range 
or pain-free range of specific angles of motion; nonfunctional 
of motion except at certain positions

Dynamic exercise
Constant Basic at home Concentric and eccentric Inefficient matching of 

resistance training programs training exercise; simple muscle and load torque;
equipment does not accommodate 

to pain
Variable Neurogen and Exercise through full range Eccentric exercise cannot 

resistance muscle volume of motion; accommodate be avoided; does not 
training and eccentric accommodate to pain

exercise
Isokinetic Specific effects at Voluntary maximum load No load at the end of

concentric high and low through range of motion; movement
speed; muscle accommodates to pain; 
volume training reduced joint compression

force at high speed with 
maintained motor unit 
recruitment

Isokinetic Muscle volume High force development Muscle soreness when
eccentric training at unaccustomed; difficult

relatively good to accommodate to pain
muscle strength

From Grimby G. Clinical aspects of strength and power training. In: Komi PV (ed) Strength and Power in
Sports, Oxford: Blackwell Scientific, 1992, with permission.
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causes increased vessel permeability with concomi-
tant intercellular fluid outflow and edema. Although
the neurologic mechanism by which it occurs is un-
known, it seems well established that superficial
heating agents relieve pain.55,56 Heat application
also decreases connective tissue stiffness.57 In con-
clusion, topical application of heat is indicated when
more rapid healing, a mild increase in blood flow,
partial relief of pain, muscle relaxation, and de-
creased joint stiffness are desired.

Ultrasonography

Ultrasonography is thought to have thermal, non-
thermal, and neural effects. The thermal effect is
caused by absorption of energy by the given tissue.
Depending on the frequency, ultrasound can pene-
trate 5–10 cm into tissue and cause a 5°–6°C tem-
perature increase in bone after just 2–20 seconds of
application.58 Nonthermal effects include the abil-
ity to drive large externally applied molecules deep
into the tissue. Topically applied medications have
thus been found at a tissue depth of up to 10 cm af-
ter 5 minutes of ultrasound treatment.59 Vibration
of gas bubbles in the tissues and changes in cell per-
meability, thereby inducing alterations in sodium,
potassium, and calcium diffusion, are other non-
thermal effects.58 The neural effect is primarily an
analgesic effect that has been reported in numerous
clinical reports, although the mechanism of the pain
relief is not clear.59

During rehabilitation, the ability of ultrasound to
heat deep structures remains the prime indication.
The sessions should not last more than 5–7 minutes,
with constant movement of the ultrasound trans-
ducer to avoid overheating.60

PRACTICAL REHABILITATION

After Arthroscopic Surgery with Expected 
Return to Normal Function

A graded rehabilitation program after ankle
arthroscopy is suggested in Table 22.2. Compared
to arthroscopic meniscal surgery of the knee, for ex-
ample, reduced weight-bearing may be advised for
a longer period of time after simple ankle arthro-
scopic procedures owing to an increased tendency
to effusion. Practical ways to apply the excises and
modalities in the program are presented below.

Range of Motion

Active range of motion exercises are started after a
few days. Traditional “alphabet exercises”—draw-
ing the letters of the alphabet with the foot—en-
courage movements in all planes. Progressing at a
pace at which swelling and pain are not provoked,
stretching can be achieved with extra force using a
towel sling (Fig. 22.4). As motion in the joint im-
proves, gentle Achilles tendon and ankle dorsiflex-
ion stretches are allowed (Fig. 22.5). If possible,
stretches should be done with prewarmed muscles.
Based on the research mentioned previously, the
stretch must be held for as long as 45 seconds and
be repeated at least four times every 6–8 hours. Joint
mobilization using manual distraction and an-
teroposterior glides can also be started during this
phase, progressing to a full program if the patient is
pain-free.

Strength Training

If pain-free, strengthening exercises can be initiated
early. Isometric exercises can usually be started
fairly quickly in the dorsiplantar flexion direction,
primarily as toe raises with an increasing amount of
body weight. As with range of motion exercises,
strength exercises should be performed in the com-
bined planes of motion. These exercises are per-
formed with elastic tubing (Fig. 22.6). Weights and
machines that utilize weights are often difficult to
control for the ankle and should be used for the fi-
nal phases of a rehabilitation program. Soleus
pumps, full arch isokinetics, and heel raise pro-
gression also belong at the end of the program. The
last phase of the strengthening program should be
established to recreate the functional demands of the
patient (fast versus slow, eccentric versus concen-
tric, endurance versus high load).

Proprioception and Coordination

Proprioceptive exercises usually begin as simple
standing and balancing on one leg, followed by ex-
ercises using some type of balance board (Fig. 22.7).
Improvement has been seen in chronically unstable
ankles using the balance board 10 minutes a day five
times a week for 2.5 months.20 A reduction in sprains
is seen using the balance board only 2 minutes twice
a day.61 Usually, however, the patients themselves
have a definitive feeling of when they have regained
full proprioceptive function. During the final phase

22: Rehabiliation after Ankle Arthroscopy / 279

4530_e22_p271-286  11/7/03  11:36 AM  Page 279



TABLE 22.2. Rehabilitation after ankle arthroscopic surgery or injury

Acute Subacute Return to
Parameter immobilization phase postimmobilization phase Terminal phase activity phase

Goals Protect joint integrity. Maintain and increase Functional progression of Preparation for
Control inflammation. soft tissue and closed chain activities. return to ADL
Control pain, edema adjacent joint Proprioceptive retraining. requirements
and spasm mobility Correct and control abnormal

biomechanics
Weight-bearing Non-weight-bearing to Crutch partial weight- Full weight-bearing Full weight-bearing

status touch weight-bearing bearing progressing toward
full weight-bearing

Modalities Ice; compression; Ice—ROM—ice—ROM, Ice—ROM—ice—ROM, Ice after functional 
elevation for example for example. stress

Manipulative treatment
External support Orthosis/splint ROM orthosis ROM orthosis Support if necessary
ROM flexibility Early pain-free Manipulative joint Achilles tendon stretching Muscle stretching

mobilization mobilization
Open kinetic Pain-free isometrics Alphabet ROM. Full arch isokinetics Ensure normal

chain exercises Toe curls; marble inversion/eversion
pickups. Surgical strength ratios
tubing exercises in all
planes

Closed kinetic Low-weight-bearing Heel raise progression. Body weight transfers
chain exercises heel raises. Soleus Body weight transfers with in inversion/eversion with

pumps. Body weight elastic tubing resistance tubing resistance
transfers

Proprioception, Low-weight bearing Partial weight-bearing. Full weight-bearing on tilt Tilt board with
agility, balance tilt board Tilt board. Stork stands board. Jumping rope weight-bearing
drills overload. Hopping.

Functional programs
Alternative Gluteus medius Stationary cycling Minitramp; stationary Stair climber and

exercises strengthening cycling lateral step-ups

Adapted from Mulligan E. Lower leg, ankle, and foot rehabilitation. In: Andrews JR, Harrelson GL (eds) Physical rehabilitation of the injured athlete. Philadelphia: Saun-
ders, 1991, with permission.
ADL, activities of daily living; ROM, range of motion.

280

4
5
3
0
_
e
2
2
_
p
2
7
1
-
2
8
6
  1

1
/
7
/
0
3
  1

1
:
3
6
 A
M
  P

a
g
e
 2
8
0



22: Rehabiliation after Ankle Arthroscopy / 281

FIGURE 22.4. Training with a towel sling to improve passive and active range of motion.

FIGURE 22.5. Stretching the peripheral (A) and deeper parts (B) of the triceps surae.

A B
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FIGURE 22.7. Balance board training.

FIGURE 22.6. Rubber tubing exercises promoting strength and endurance. A: Dorsiflexor muscles. B: Everting mus-
cles. C: Inverting muscles.

A B C
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of rehabilitation, functional progression is instituted
to restore agility and confidence. If the patient is an
athlete, functional exercises must be sports-specific.
Having the subject run in tight figures-of-eight often
helps determine the level of proprioceptive capabil-
ity and allows the subject to determine whether he or
she feels properly rehabilitated.

After Arthroscopic Ankle Arthrodesis

The goal following arthrodesis of the ankle is to
achieve bony fusion by securing total immobiliza-
tion of the talocrural joint while preserving motion
in the surrounding joints and strength and mobility
in the musculotendinous structures. The position of
choice for ankle arthrodesis is in neutral dorsiflex-
ion, 5–10 degrees of external rotation, and 5 degrees
of valgus.62,63 Although tibiotalar motion is lost,
plantar flexion of up to 20 degrees can be achieved
owing to motion in Chopart’s and Lisfranc’s joints.
Dorsal flexion is restricted to the neutral position.63

Muscle atrophy has been reported following ankle
arthrodesis.64,65 Walking speed is decreased owing
to a shortened stride,65 but two-thirds of the patients
appear to have a normal gait.63

Depending on the choice of fixation device, the
period of non-weight-bearing and partial weight-
bearing may vary. As soon as ankle fusion is pres-
ent, range of motion exercises of the subtalar joint
and of Lisfranc’s and Chopart’s joints can com-
mence coupled with proprioceptive training of bal-
ance. Walking is aided by a rocker bottom sole and
increased heel cushioning. Quite early in the reha-
bilitation fitness maintenance can begin with sta-
tionary biking. Swimming can also be started.
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Index

Abrasion, technique for, in treating posteromedial lesions of
the talus, 143–146

Absorbable pins, for reattaching chondral fragments to
underlying bone, 137

Absorption length, of a laser, 248
Academic Medical Center (Amsterdam), study of endoscopic

soft tissue procedures at, 225–228
Accessory portals, anteromedial and anterolateral, at the

ankle, 30
Achilles tendon

lengthening of, in arthroscopic ankle arthrodesis, 163–165
location of

relative to the heel, 203
relative to the subtalar joint posterior portal, 3

pathology of
etiology, 232
indications for endoscopic treatment, 226

rupture of, magnetic resonance imaging of, 81
tear of, symptoms, 57–59
Thompson’s test for evaluating, 45–47
See also Trans-Achilles tendon (TAT) portal

Achillotendoscopy, for managing retrocalcaneal bursitis, 223,
226–230

Adaptation to function, as the third phase of rehabilitation
after surgery or injury, 277

Aiming devices, for ankle arthroscopy, 96–97
Ambulatory surgery center (ASC), Medicare-certified, for

office arthroscopy, 259–260
American Board of Orthopaedic Surgery (ABOS),

requirement for pictorial documentation of
arthroscopic findings, 93

American Heart Association, recommendations for
resuscitative equipment when local anesthesia is
administered, 267

American Society of Anesthesiologists (ASA), classification
of patients, 258

Amides, anesthetic
characteristics of, 265
specific, 267

Anatomic landmarks
of the heel, posterior aspect, 203
identifying and marking, prior to arthroscopy, 157
identifying the operative extremity, in preoperative

management, 262
for tarsal tunnel release, 242

Anatomy
arthroscopic

of the ankle, 29–35
of the calcaneocuboid joint, 16–17
of the metatarsophalangeal joint, 15–16
of the plantar fascia, 12–13

endoscopic, of the retrocalcaneal bursa, 7–9
of the foot, 1–18
gross

of the ankle, 19–29
of the calcaneocuboid joint, 16
of the metatarsophalangeal joint, 13–15
of the plantar fascia, 9–12
of the retrocalcaneal bursa, 7–9
of the subtalar joint, 1–6

mapping, in calcaneocuboid joint treatment, 216
of the os trigonum, 191–193
of the posterior heel, 202
of the right ankle tendons, 224
of the subtalar joint, 175–176
surface, of the ankle, 19

Anesthesia
for ankle arthroscopy, 87–88

in the office setting, 260–261
local, injection of

for diagnosing joint pain, 50
for diagnosing soft tissue impingement, 102

regional, for ankle arthroscopy, 265–269
Ankle

diagnosing pathologic processes in, 49–55
forces on, during gait, 275–276
fusion of, in posttraumatic degenerative change, 158

Ankle arthrodesis, arthroscopic, 163–173
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Anterior cruciate ligament drill guide, for transmalleolar
drilling, 34–35

Anterior drawer maneuver 
for testing inversion ankle sprains, 51–52
for testing the anterior talofibular ligament, 45–46, 69–70

Anterior portal
at the ankle, 29–31
to the subtalar joint, 3–4

placing an arthroscope through, 5–6
Anterior talofibular ligament (ATFL), stress test for

evaluating, 45–46, 69–70
Anterocentral (AC) portal, contraindications to use of, 20, 31
Anteroinferior tibiofibular ligament, impingement of, on the

neck of the talus, 101
Anterolateral (AL) portal

in acute ankle fracture treatment, 150–151
at the ankle, diagnostic use of, 29–31
for ankle arthrodesis, 165
creating, surgical technique, 107
for excising a posteromedial lesion of the talus, 143

Anterolateral quadrant of the ankle, 50–53
Anteromedial (AM) portal

in acute ankle fracture treatment, 150–151
for ankle arthrodesis, 165
creating, surgical technique, 107
diagnostic, for ankle joint access, 29–30
for excising a posteromedial lesion of the talus, 143
location of the saphenous nerve relative to, 20

Anteromedial impingement, 102
Anteromedial quadrant of the ankle, diagnosing pathologic

processes in, 49–50
Anteroposterior view of the ankle, conventional radiography,

63–64
Antibiotics, prophylactic

in arthroscopic subtalar arthrodesis, 186–188
in arthroscopic treatment of soft tissue impingement

lesions, 106
Arthritis

degenerative, in osteochondritis dissecans and talar dome
fractures, 135

infectious, metatarsophalangeal joint, arthroscopic
management of, 213

posttraumatic and degenerative, 130–131
rheumatoid, 109

Arthrodesis
arthroscopic ankle

in combined lesions of the dome and plafond, 118
rehabilitation in, 283

arthroscopic subtalar, 181, 183–190
Arthrofibrosis, 105–106

results of treatment of, 160
of the subtalar joint, arthroscopic excision in, 180

Arthrogram, osteochondral lesion identification with, 115
Arthrography

ankle, evaluation using, 70–71
double-contrast, for osteochondritis dissecans evaluation,

133
magnetic resonance, 82–84

Arthroscopes, 92–93
Arthroscopic portals, to the subtalar joint, 1–5
Arthroscopic subtalar arthrodesis (ASTA), 183–190

Arthroscopy
diagnostic, in treatment of soft tissue impingement lesions,

108
foot and ankle, in an office setting, 257–263
for osteochondritis dissecans and talar dome fracture

management, 135–147
of the posterior heel, 201
procedure for os trigonum excision, 195–199
for soft tissue impingement lesion management, 106–109
subtalar, in preparation for excision of the os trigonum, 7

Arthroscopy Association of North America (AANA),
183–190

Arthrosis, of the first metatarsophalangeal joint, diagnostic
arthroscopy in, 207

Arthrotomography, for osteochondritis dissecans evaluation,
133

Articular cartilage, iatrogenic injury to, preventing with
distraction, 90

Athletes
ankle sprain in, 99
soft tissue impingement lesions, results of arthroscopic

treatment of, 108–109
functional assessment of symptoms of, 46
sports prone to syndesmotic injuries, 104
synovitis in, 102–103

Balance
between antagonistic muscles, 273
balance-board exercises to improve, 277–278
between peroneal tendons and posterior tibial tendons,

230–233
Ballet dancers

pain of, and limitation of dorsiflexion in the first
metatarsophalangeal joint, 207

posterior impingement symptoms in, 102
Banana knife, for dissection of an ossicle, 125, 197
Bassett’s ligament, 101
Bicarbonate, effect of, on anesthetic function, 266
Bier block, intravenous regional anesthesia, 269
Bone cysts, interosseous, about the ankle, 130
Bone grafting

in osteochondral lesions
need for a tunnel in the medial malleolus, 140–141
without traversing the medial malleolus, 142–143

talar, rehabilitation period, 146
Bone scan

for detecting osteophytes, 128
to differentiate between normally fragmented sesamoid

bone and fractures, 209–210
for identifying structural abnormalities, 71–72

Broden view, of the subtalar joint, 66
Bupivacaine (Nesacaine, Sensorcaine)

intraarticular injection of, 261
as a local anesthetic, 267

Bursitis, retrocalcaneal. See Retrocalcaneal bursitis

Calcaneal pin, for lateral ankle distraction, 35
Calcaneocuboid joint

anatomy of, 16–17
arthroscopy at, 215–218

Calcaneofibular (CF) ligament, laxity of, 51
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Calcaneus
anterior process of

fracture of, 51–52
tenderness over, 56–57

fractures of, 51–52
open reduction of, 183
subtalar pathology following, 185

posterior border of, 57–59
of the subtalar joint, posterior, 1

Calf muscle training, 220–221
Cannula system, interchangeable, moving the arthroscope, 93
Carbon dioxide, for distension in arthroscopy, comments, 93
Carbon dioxide laser, historic use of, 247
Cardiopulmonary resuscitation, equipment for, 261
Cardiovascular toxicity, of local anesthetics, 266
Cartilage, assessing with magnetic resonance imaging, 115
Cedell fracture, 228
Central nervous system (CNS) toxicity of local anesthetics,

266
Central portal, contraindication to use of, in ankle arthrodesis,

170
Charge-coupled device (CCD), video camera for arthroscopy,

93
Charnley apparatus, contraindication to use of in ankle

arthrodesis, 170
Chondral debris, removal of, 119
Chondral fractures, assessment of, 180
Chondral lesions, magnetic resonance arthrography of, 82–84
Chondromalacia, treatment of, 118–119
Chopart’s articulation, calcaneocuboid joint of, 16
Clinical application, of computed tomography, 74
Coalition

osseous, fibrous, and osteocartilaginous, in foot and ankle
pain, 79

talocalcaneal, magnetic resonance imaging of, 80
Cobey view, of the subtalar joint, 67
Collagen, structure of, 252
Combinations, effect of, on anesthetic function, 266
Complications

of anterocentral portal use, at the ankle, 31
of arthroscopy

of acute fractures, 152–154
ankle, 152
of the calcaneocuboid joint, 217–218
in chronic fractures and postfracture defects, 158
of the first metatarsophalangeal joint, 212
in os trigonum excision, 199
of the posterior subtalar joint, 181
in resection of Haglund’s deformity, 205–206
of soft tissue impingement lesions, 109
in subtalar arthrodesis, 189

of endoscopic plantar fasciotomy, 239
of hindfoot endoscopy, 228
of medial malleolar drill hole use, 140–141

Computed tomography (CT), 73–77
to confirm subtalar pathology, 185
in osteochondritis dissecans evaluation, 133

Congenital deformities, association with tarsal tunnel
syndrome, 241–242

Contraindications
to arthroscopic subtalar arthrodesis, 185–186

to arthroscopy
of acute ankle fractures, 149–150
of the calcaneocuboid joint, 216
of chronic fractures, 156
of the foot and ankle, in the office, 257–258

to computed tomography imaging, 74
to endoscopic plantar fasciotomy, 235
to endoscopic tarsal tunnel release, 242
to invasive distraction for arthroscopy, 90–91
to noninvasive distraction for arthroscopy, 90
See also Risks

Control of noninvasive distraction, with a Guhl distractor, 90
Corticosteroid injection, into a tendon sheath, atrophic tendon

rupture from, 103
Cost, of radiofrequency versus laser systems, 255
Cryotherapy, to reduce hemorrhage, inflammation, edema and

pain, 278
Cuboid syndrome (CS), defined, 215
Curettes, for ankle arthroscopy, 94–95

Dancers, tendinitis of the flexor hallucis longus tendon in, 55.
See also Athletes; Ballet dancers

Débridement
in arthroscopic ankle arthrodesis, 165–166

with a holmium:yttrium-aluminum-garnet laser, 250–251
in arthroscopic subtalar arthrodesis, 187
in osteochondral lesion management, 137–143

Degeneration
arthritic, in osteochondritis dissecans and talar dome

fractures, 135
arthroscopic examination of the subtalar joint to confirm, 180
local, in Achilles tendinosis, 220

Deltoid ligament
of the ankle, 23
injuries to

magnetic resonance arthrography of, 82–84
medial impingement from, 102

insufficiency of, symptoms, 50
Diagnosis

of chondral defects of the plafond, 116–117
of cuboid syndrome, 215
of posterior ankle impingement, 220
of symptomatic os trigonum, 192–194

Differential diagnosis
of cuboid syndrome, 216
of the foot and ankle, for arthroscopic-endoscopic surgery,

39–61
of Haglund’s deformity and retrocalcaneal bursitis, 202
of osteomyelitis compared with cellulitis, 72
of pain with forced plantar flexion, 103

Distal lower extremity syndesmosis (DLES), radiography of,
66

Distension in arthroscopy 
of the ankle, for removing loose bodies, 121
of the calcaneocuboid joint, with fluid, 216
of the subtalar joint, with fluid, 179

Distraction
in arthroscopy of the ankle, 35–36, 150

with an anterolateral portal, 29
from positioning of the patient, 88–92
for removing loose bodies, 121
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Distraction (continued)
Guhl ankle distractor, 89–91, 140
invasive, 90–91
manual, for visualizing the metatarsal head and first

phalanx, 211–212
medial, 92
noninvasive, 89–90

in arthroscopic ankle arthrodesis, 164–165
during arthroscopy of chronic fractures, 157
in arthroscopy of the ankle, 106
in arthroscopy of the ankle, to remove osteophytes, 128
in treatment for transchondral fractures of the talus, 147

skeletal, in use of the subtalar joint middle portal, 4
Dorsalis pedis artery

in the anterior neurovascular bundle of the ankle, 20
palpitation of, in a physical examination, 44–45

Dorsiflexion of the ankle joint
measuring, 41
pain during, 50

Dosage, effect on anesthetic function, 266
Drilling

drill guide, for transmalleolar drilling, 34–35
Ferkel guide for, 140
in osteochondritis dissecans, 117
retrograde, of posteromedial osteochondritis dissecans

lesions of the talar dome, 141–142
technique for, in treating posteromedial lesions of the talus,

143–146
See also Kirschner wire

Dynamometer training, in the second phase of rehabilitation,
277

Ecchymosis, at the site of acute injury, 40
ECTRA system, use of, in endoscopic tarsal tunnel release,

242
Edema, evaluating, 40
Effusion, preventing to improve muscle strength, 277
Electromyographic activity, during gait, 276
Endoscopic plantar fasciotomy (EPF), 235–240
Endoscopic tarsal tunnel release (ETTR), 241–245
Endoscopy

for excision of Haglund’s deformity and retrocalcaneal
bursitis, 201–206

for plantar fascial release, risks of, 12–13
for posterior ankle pain management, 219–234

Enthesopathy, detecting with bone scans, 71
Equipment

for arthroscopic ankle arthrodesis, 163–167
for arthroscopy, 87, 262

monitoring in the office setting, 261
in the office setting, 260

for local anesthetic use, 267
See also Instrumentation

Esters
anesthetic, specific, 266
characteristics of anesthetic, 265

Etidocaine (Duranest), as a local anesthetic, 267
Etiology

of Achilles tendon pathology, 232
of osteochondritis dissecans, 132
of tarsal tunnel syndrome, 241–242

Examination
arthroscopic, in treatment of acute ankle fractures, 151
for arthroscopic-endoscopic surgery, 39–61

External compression, to reduce blood flow and edema, in
injured tissues, 278

Extraarticular fractures, displaced, evaluation of damage in,
154–155

Facility, for arthroscopy in the office setting, 258–260
Fasciitis, plantar, symptoms of, 59–60
Feedback regulation of temperature, in radiofrequency device

use, 253–254
Fentanyl for sedation, in office arthroscopy, 261
Ferkel guide, in drilling an osteochondral ankle lesion, 140
Fiberoptic cable, of a holmium laser device, 247
Fibula, fracture of

displaced, causing intraarticular pathology, 149
from inversion injuries, 51

Fixation, in arthroscopic subtalar arthrodesis, 188
Fixator, use as an invasive distractor, in arthroscopic

treatment of ankle fractures, 150
Flexor digitorum brevis, damage to, in endoscopic plantar

fascial release, 13
Flexor hallucis longus tendon

damage to, in os trigonum excision, 199
posteromedial symptoms in, 55
tendinitis of, association with posterior ankle impingement

syndrome, 220
tenosynovitis of, as a cause of pain in athletes, 231

Fluid inflow and outflow, in arthroscopy of acute fractures,
152–153

Flumazenil (Maxicon), for reversing the effects of
midazolam, 261

Fluoroscopy, to confirm portal location, 186
Foot, stability of, during gait, 275
Forceps, basket, 94
Forces on the ankle during gait, 275
Fracture

acute, 149–156
chronic, and postfracture pathology, 156–160
of the fibula

displaced, causing intraarticular pathology, 149
from inversion injuries, 51

problems with, 149–162
of the talar dome, 27
transchondral, of the talus, 132

results of arthroscopic treatment of, 144–147
See also Stress fracture

Free beam mode, of a holmium laser, 248
Friction massage, to improve range of motion, 276–277
Frier dissecting instrument, 125
Function

adaptation to, as the third phase of rehabilitation, 277
assessment of, dynamic, 45–46
functional training, as the second phase of rehabilitation,

277
of local anesthetics, 265–266

Functional exercises, sports-specific, 283
Fusion, time to

in arthroscopic ankle arthrodesis, 172
in arthroscopic subtalar arthrodesis, 189
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Gait cycle, description of, 274–276
Goals of rehabilitation after ankle arthroscopy, 271–285
Grading of tendon injuries, 79–80. See also Staging
Graspers, for ankle arthroscopy, 95–96
Guhl ankle distractor, 89–91

in drilling or pinning medial osteochondral ankle lesions,
140

Haglund’s deformity
endoscopic calcaneoplasty for, 9
endoscopy for excision of, 201–206
pain in the retrocalcaneal region associated with, 53
symptoms of, 57–59

Hallux limitus, symptoms of, 60–61
Hallux rigidus, etiology of, 210
Hand instruments, for arthroscopy, 94–97
Harris-Beath view, of the heel, 67
Heat ablation, for débridement of joint surfaces,

contraindication to, 170
Heat application, superficial, in rehabilitation, 278–279
Heel

examination and differential diagnosis of pain in, 57–60
posterior tangential view of, conventional radiography of,

67
Hemarthrosis, chronic conditions following, 99
Hematoma, postoperative, secondary to débridement of scar

tissue, 158
Hemophilic arthropathy, of the ankle, 110
Hindfoot, endoscopy of, for posterior ankle pain, 219–234
Hypertrophic tendinopathy, lateral ankle instability associated

with, 221

Iatrogenic injury
to articular cartilage, preventing, 90
risk of, in establishing arthroscopic portals, 29

Images, computed tomography versus magnetic resonance
imaging, 73–74

Imaging techniques, 63–85
Immobilization

after surgery or injury, period of, 277
of the talocrural joint, in arthrodesis of the ankle, 283
to treat osteochondral fractures, 134–135

Impingement
anterolateral, 99–102
dorsal, on the big toe, 207–208
medial, 102

after lateral ankle sprain, 119
magnetic resonance imaging evaluation of, 79
posterior ankle, 219–220

endoscopic treatment of, study, 225–226
soft tissue lesions in, 102–103

posttraumatic, in chondral fracture of the talus or vertical
fracture of the distal fibula, 149

syndesmotic, 103–105
excision of, arthroscopically, 108

Incidence, of osteochondritis dissecans, 132
Indications

for arthroscopic subtalar arthrodesis, 185
for arthroscopy

of acute ankle fractures, 149
of the calcaneocuboid joint, 215–216

of chronic ankle fractures, 156
of the foot and ankle, in the office, 257–258
of the metatarsophalangeal joint, 207–210
of the subtalar joint, 179

for endoscopic plantar fasciotomy, 235
for endoscopic tarsal tunnel release, 241–242
for excision, in Haglund’s disease, 201–202

Infection, magnetic resonance imaging for detecting, 81
Inflammatory conditions

diagnosis and treatment of, 180
disorders of the joints, 109–112
See also Arthritis; Joint disease

Inflow system, in arthroscopy for visualization, 93–94
Informed consent, for anesthesia, 267
Injury

mechanism of, in osteochondritis dissecans, 132
proprioceptive deficit due to, 274

Instability, chronic, of the subtalar joint, 181
Institutional Review Board, approval for magnetic resonance

arthrography, 82
Instrumentation

for arthroscopic resection
of Haglund’s deformity and retrocalcaneal bursitis, 202
of the trigonal process, 195

for arthroscopy, 92–97
of the calcaneocuboid joint, 216–217
of the small joints of the foot, 215
in subtalar arthrodesis, 186–187
of the subtalar joint, 177–178

See also Equipment
Intraarticular damage

associated with ankle sprains, 149
fixing or excising fragments in acute ankle fractures,

151–152
Intraarticular injection of bupivacaine, 261
Intravenous access for administering sedative agents, 267
Isherwood view of the subtalar joint, 67

Joint disease
degenerative, presentation of, 50–51
inflammatory conditions, 109–112

subtalar, 180
See also Arthritis

Joint effusion, reduction in muscle activation ability due to, 273
Joint mobilization, to improve range of motion, 276
Juvenile Tillaux fracture, 51
Juxtaarticular cysts, of the plafond, treatment of, 130

Kinematics
ankle joint, alteration from disruption of the anterior

tibiofibular ligament, 100
studies of, using magnetic resonance imaging, 82

Kirschner wire, for drilling
in treatment of plafond defects, 117
in treatment of talar dome chondral lesions, 116, 136–143

Kissing lesion, management of, 129
Knee, use of the holmium:yttrium-aluminum-garnet laser for

surgery in, 250
Knives

for ankle arthroscopy, 94
banana, for dissection of an ossicle, 125, 197
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Lambotte osteotome, 197
Laser

for dissection of an ossicle, 128
holmium:yttrium-aluminum-garnet

for arthroscopic surgery, 247–252
to débride the calcaneocuboid joint, 217
for treating ankle pathology, 161
to trim the margin in treating talar dome deficits, 116
use in ankle arthroscopy, 123–124

neodymium:yttrium-aluminum-garnet, 248–249
Lateral ankle instability, peroneal tendon disorders associated

with, 221
Lateral distraction, for arthroscopy, 91–92
Lateral view of the ankle, conventional radiography, 63–65
Laxity, assessing

of the anterior talofibular ligament, 51
in foot and ankle examination, 43

Lesions, posttraumatic, 99–106
Lidocaine (Xylocaine)

injection of
to confirm posterior ankle impingement, 103
into portal sites, 261

as a local anesthetic, 267
Ligaments

of the ankle, 21–29
repairing, instrumentation for, 97

anteroinferior tibiofibular, impingement on the neck of the
talus, 101

anterior cruciate, 34–35
anterior talofibular, 69–70

evaluating, 45–46
calcaneofibular, laxity of, assessing, 51
injuries to

magnetic resonance arthrography of, 82–84
magnetic resonance imaging of, 78–79

lateral malleolus, extraarticular ligaments originating in, 23
spring, of the subarticular joint, 1
of the subtalar joint, 175
See also Deltoid ligament; Tibiofibular ligament

Light source, managing in the operating room, 93
Lipid solubility, and potency of anesthetics, 265
Local anesthetics, 265–266
Location, of osteochondritis dissecans, 133
Locomotion, restoration of, 274–276
Loose body

entrapped, diagnosing and removing, 123–124
magnetic resonance arthrography of, 82–84
in metatarsophalangeal joints, 60

removal of, 213
in osteochondral lesions, 50

early observation of, 132
removal of, 120–123

in synovial chondromatosis, 112

Magnetic resonance imaging (MRI)
in Achilles tendinitis with tendinosis, 220
for diagnosis

of osteochondral defects, 115
of paratendinitis, 226
of synovial chondromatosis, 112

for evaluating soft tissue injuries, 74–84

of an osteocartilaginous defect of the central talus,
137–139

three-dimensional, 82
Malleolus, 23–27

lateral, pain and swelling over, 226
lateral and medial, surgery involving, 230–232

Mechanical properties, of collagen after heat treatment of, 253
Mepivacaine (Carbocaine), as a local anesthetic, 267
Metatarsophalangeal (MTP) joints

connection with the plantar fascia, 10–12
first

anatomy of, 13–16
arthroscopy of, 207–214

medial, 60
pathology of, 60–61
plantar, pathology of, 60–61

Midazolam, for sedation, in office arthroscopy, 261
Middle portal, to the subtalar joint

establishing, 4–5
instrumentation through, 6

Monitored anesthesia care (MAC), techniques in, 261
Monofilaments, Semmes-Weinstein, identifying neuropathy

with, 45
Morbidity, in arthroscopic ankle arthrodesis versus open

fusion, 171
Mortise view, of the ankle, conventional radiography, 65–67
Motion, relearning patterns of, after injury or pain, 274. See

also Range of motion
Motorized instruments, for ankle arthroscopy, 97
Muscle strength, rehabilitation to restore, 272–273

modalities, 277–278
Muscle wasting, from inactivity, 273

Naloxone (Narcan), for reversing the effect of fentanyl, 261
National Television Systems Committee (NTSC) standard,

for video monitors phase alternating line (PAL), 93
Needles, of peripheral nerve blockade, 267
Neodymium:yttrium-aluminum-garnet laser, 248–249
Neoplastic disorders, arthroscopic treatment of, 110
Nerve

plantar
relationship with the tibial nerve, 10–11
risk to, in endoscopic approach to the retrocalcaneal

bursa, 7–9
tibial posterior, 20

technique for anesthetizing, 268–269
See also Peroneal nerve; Saphenous nerve; Sural nerve

Nerve blocks, at the knee, 268–269
Nerve conduction velocity (NCV) studies, 242
Nerve entrapment, in arthroscopic resection of Haglund’s

deformity, 205–206
Neural activation

functional and dynamometer training for increasing, 277
in the second phase of rehabilitation, 277

Neuritis, with pain in the anteromedial quadrant of the ankle,
50

Neuropathic disease, degenerative, loss of proprioception in,
274

Neurovascular examination, 44–45
Neurovascular structures

of the ankle, 19–20
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damage to, in arthroscopy for chronic fracture
management, 158

Normal function, expectation of, after arthroscopic surgery,
279–283

Notch of Harty
anterior tibial, advancing instrumentation through, 29–30
anteromedial, 27
medial, inserting an arthroscope through, 107

Nuclear medicine
for evaluating diseases of the foot and ankle, 71–72
radioactive synovectomy, 110

Nurse, training and experience of, for arthroscopy, 87

Observation, in foot and ankle examination, 39–40
Open approach

to fractures, in addition to arthroscopic treatment, 152
for os trigonum excision, compared with arthroscopic

surgery, 199
Operating room, setup for arthroscopy, 87
Operative extremity, identification of, in preoperative

management, 262
Operative technique

for arthroscopic ankle arthrodesis, 163–167
for arthroscopic treatment of first metatarsophalangeal

joint, 210–212
for endoscopic management of posterior ankle pain,

222–225
See also Surgical technique

Oratec radiofrequency device, 252
Osseous structures of the ankle, 23–29
Ossicles, 124–128
Osteochondral lesions

arthroscopic identification of, study, 154–155
endoscopic management of, outcomes, 230–231
evaluating, 49–50
posterior impingement, treatment of, 130

Osteochondral pathology, 115–148
Osteochondritis dissecans (OCD), 132–147

diagnosing, 49–50
drilling in, 117
in the first metatarsophalangeal joint, 208–209

results of arthroscopy in, 212–213
lesions of

at the lateral border of the talus, 50–53
medial talus, presentation of, 54–55

loose bodies in, treating, 122
of the talus

arthroscopic management of, without distraction
noninvasive distraction in management of, 147

Osteophytes, 128–130
arthroscopic removal from the metatarsophalangeal joint,

213
Osteotomes, for ankle arthroscopy, 96
Os trigonum

anatomy of, 6–7
arthroscopic excision of, 191–199, 229–231
lesions involving, 130
painful, arthroscopic evaluation and management of, 181
symptomatic

posterolateral, 53
presentation in dancers, 55

Overload, risk of, in compensating for deficient muscles, 273
Overuse

of the Achilles tendon, 220–221
posterior ankle impingement syndrome caused by, 219–220

Pain
anterolateral

evaluation of, 46
nerve injury presenting as, 53

anterolateral impingement lesions causing, 100
arising from the synovial folds of the ankle, 23
in arthritis, as an indication for arthroscopic subtalar

arthrodesis, 185
in degenerative joint disease, 50
evaluation of, in a physical examination, 40
as an indication for arthroscopy of chronic ankle fractures,

156
plantar heel, 59–60
in posterior ankle syndrome, 219–220
with posterior soft tissue impingement, 103
referred, significance of, 47
relief of, with heating, 279
retrocalcaneal, due to bursitis, 53
at the tibiotalar joint, ankle arthrodesis to relieve, 163

Palpation, for foot and ankle evaluation, 40
Paratendinitis

defined, 220–221
indication of endoscopic release of, 226

Paratenon, pathologic, removal of, 223–224
Pathology

changes in osteochondritis dissecans, 135
compensatory, evaluating in a physical examination, 

48–49
soft tissue, 99–114

Patient
endoscopic hindfoot procedure study, 225–228
positioning of

for arthroscopy, 87–89, 163
in the office setting, 263

selection of, for office foot and ankle arthroscopy, 257–258
Periarticular hindfoot pathology, endoscopy for, diagnosis

and treatment, table, 227
Peritendinitis

indication for endoscopic calcaneoplasty in, 226
operative technique for managing, 223–224
from posttraumatic posterior tibial tendon dysfunction,

230–231
Peritendinium, inflamed, resection of, 229–231
Peroneal brevis tendon, longitudinal rupture of, repairing,

226–229
Peroneal brevis tendonitis, associated with arthroscopy of the

calcaneocuboid joint, 217–218
Peroneal nerve

in the anterior neurovascular bundle of the ankle, 23
deep

neuritis of, identifying, 50
technique for anesthetizing, 267–268

risk to, on entry to the subtalar joint anterior portal, 3
superficial

risk to, from an anteromedial portal, 20
technique for anesthetizing, 267–268
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Peroneal tendons
damaging in os trigonum excision, 199
disorders of, 221–222
location of the sheath of, relative to the subtalar joint

posterior portal, 2–3
pathology of, 53–54

Peroneal tendoscopy, 225
Peroneal tertius tendon, risk to, on entry to the subtalar joint

anterior portal, 3
Personnel

for monitoring, in office arthroscopy, 261–262
for office arthroscopy, 261–262

Pes planus valgus, evaluating, 40
Phase alternating line (PAL), video monitor standard, 93
Physical examination, principles of, 39–46
Physical therapy, following arthroscopic treatment of soft

tissue impingement lesions, 108. See also
Rehabilitation

Pigmented villonodular synovitis (PVNS), management of,
111

Pinning
absorbable pins for reattaching chondral fragments to

underlying bone, 137
arthroscopic

for ankle arthrodesis, 166–169
for osteochondritis dissecans lesions, 137–143, 141–142
for talar dome lesions, 137–143

calcaneal, for lateral ankle distraction, 35
Steinmann pin fixation, 154, 169
tibial

for lateral ankle distraction, 35
for medial ankle distraction, 35

pKa of drugs, effect on onset of action, 265
Plafond, lesions of, 116–117

combined with lesions of the talar dome, 118
Plantar compartment, pathology of, portals used in managing,

213
Plantar fascia, gross anatomy of, 9–13
Plantar fasciotomy, endoscopic, 235–240
Plantar flexion, of the ankle joint

for diagnosing neuritis, 50
measuring, 41–43

Plantar nerve
relationship with the tibial nerve, 10–11
risk to, in endoscopic approach to the retrocalcaneal bursa,

7–9
Plicae

of the ankle, 23–27
congenital, 110

Portal anatomy of the ankle, 29
Portals

anterior arthroscopic, for drilling or pinning osteochondral
lesions, 137

arthroscopic
to the metatarsophalangeal joint, 15–16
placing, 236–237
placing for os trigonum excision, 195
to the posterior subtalar joint, 175–177

injection of bupivacaine at the sites of, 261
to the subtalar joint, establishing, 186–187
See also specific locations for portals

Porta pedis, dissection of, in endoscopic tarsal tunnel release,
243–244

Posterior ankle impingement syndrome, endoscopic treatment
of, study, 225–226

Posterior facet, nonunions of, treatment of, 130
Posterior impingement

ankle, 219–220
endoscopic treatment of, study, 225–226

soft tissue lesions in, 102–103
Posterior portal

at the ankle, 31–34
to the subtalar joint, 1–3

placing instruments though, 5–6
Posterior tibial nerve, technique for anesthetizing, 268–269
Posterolateral (PL) portal

in acute ankle fracture treatment, 150–151
ankle, location of, 31–32
creating, surgical technique, 107–108
for fluid outflow, in ankle arthrodesis, 165
in treatment for transchondral fractures of the talus, 147

Posterolateral quadrant, of the ankle, 53–54
Posteromedial (PM) portal, 22, 29

ankle, contraindications to use of, 32–33
Posteromedial quadrant, of the ankle, 54–55
Postoperative care

in arthroscopy
in the office setting, 263
of the posterior subtalar joint, 179

in endoscopic plantar fasciotomy, 239
in excision of the os trigonum, 198–199
after reconstruction of posteromedial lesions of the talus,

143–146
Postsurgical periods in rehabilitation, 277
Posttraumatic disorders

adhesions following minor injuries to the ankle, 105–106
arthroscopic exploration of the subtalar joint in, 179–180
as an indication for arthroscopic subtalar arthrodesis, 185

Preoperative care, in office arthroscopy, 262
Prilocaine (Citanest), as a local anesthetic, 267
Probes, for ankle arthroscopy, 94
Procaine (Novacaine), for local anesthesia, 266
Process, of magnetic resonance imaging, 76–78
Processes, of the subtalar joint, posteromedial and

posterolateral, 6–7
Prognosis, in surgery for ankle adhesions and arthrofibrosis,

106
Proprioception

rehabilitation to improve, 277–278
rehabilitation to restore, 274

exercises for, 279–283
Proprioceptive neuromuscular facilitation (PNF), 276
Protein binding, and potency of anesthetics, 265
Pseudoaneurysm, of the dorsalis pedis artery, 31
Psychological makeup, of patients selected for office

arthroscopy, 258
Pump systems, arthroscopic, evaluation of, 94

Radioactive synovectomy, 110
Radiofrequency devices, 252–255

for shrinking tissue and coagulation, in endoscopic tarsal
tunnel release, 247
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Radiography
conventional, 63–70

for confirming subtalar pathology, 185
for follow-up assessment of arthroscopic subtalar

arthrodesis, 188–189
for osteochondritis dissecans evaluation, 133
to rule out bony pathology in treating syndesmotic

impingement lesions, 105
to rule out os trigonum or loose bodies in pain with plantar

flexion, 103
for talar dome deficit evaluation, 115
view of Kirschner wires, 139–141

Radionuclide imaging
of bone, using technetium-99m, 71–72
studies in soft tissue pathology, 101

Range of motion
evaluating in a physical examination, 40–43
rehabilitation modalities for improving, 276–277
restoring after arthroscopic surgery, 271–272

exercises for, 279
Rasps, for ankle arthroscopy, 95
Rating score, ankle, for outcomes of surgery, 108–109
Reference point, anatomic, first intermuscular septum, 238
Referred pain, significance of, evaluating, 47
Reflex inhibition, avoiding, to improve muscle strength, 277
Regional examination, of the foot and ankle, 46–61
Rehabilitation

activities after ankle arthroscopic surgery or injury, table,
280

after ankle arthroscopy, 271–285
after excising posteromedial lesions of the talus, 144–146
practical, 279–283
after treatment of osteochondral defects of the plafond, 117

Relearning, in proprioceptive rehabilitation, 277–278
Repair instrumentation, in arthroscopy, 97
Resolution, of video monitors, for arthroscopy, 93
Results

of arthroscopic ankle arthrodesis, 167–170
of arthroscopic débridement of the plafond, 117
of arthroscopic excision

of anterolateral soft tissue impingement lesions, 108–109
of os trigonum, 199
of posteromedial lesions of the talus, 146–147

of arthroscopic subtalar arthrodesis, 188–189
of arthroscopy

of acute ankle fractures, 154–156
of the calcaneocuboid joint, 217–218
of chronic fractures and postfracture defects, 158–160
of the metatarsophalangeal joint, 212
in osteoarthritis management, 131
of the subtalar joint, 182

of endoscopic management of periarticular hindfoot
pathology, 228

of endoscopic plantar fasciotomy, 239
of endoscopic tarsal tunnel release, 244–245

Resuscitative equipment availability, and local anesthetic use,
267

Retrieving instruments, equipment for, in arthroscopy, 97
Retrocalcaneal bursa, anatomy of, 7–9
Retrocalcaneal bursitis

Achilles tendon, endoscopic treatment of, 226

Achillotendoscopy for management of, 223
endoscopic versus open treatment of, 231
endoscopy for excision of, 201–206
pain in, 53, 220–221
symptoms of, 59

Revascularization, in Achilles tendinitis, 221
Rheumatoid arthritis, 109
Risks

associated with the anterior portal of the subtalar joint, 3–4
associated with the posterior portal of the subtalar joint, 3
in endoscopic plantar fascial release, 12–14
of iatrogenic damage, to subchondral bone in anterior

portal instrumentation, 6
of invasive ankle distraction, 35–36
to the sensory nerves of the ankle joint, 19–20
See also Complications; Contraindications

Ropivacaine (Naropin), as a local anesthetic, 267
Rotational movements, in walking, 274–275
“Rule of thumb” method, for locating positioning a cannula

for plantar fasciotomy, 237
Running, kinematics of, 276

Saphenous nerve
anatomy of, 20
neuritis of, identifying, 50
technique for anesthetizing, 268–269

Saphenous vein
risk to, on entry to the subtalar joint anterior portal, 3
short, risk to, from a posterolateral portal, 20

Scar tissue, development of, after ankle sprain, 100
Sectional planes, in computed tomography, 73
Semmes-Weinstein monofilaments, identifying neuropathy

with, 45
Sequences, for magnetic resonance imaging of the foot and

ankle, 78
Sequential Couleur à Mémoire (SECAM), video monitor

standard, 93
Sesamoiditis, 209–210
Short tau inversion recovery (STIR) imaging, 77
Shrinkage of collagenous tissue with heat, 252
Single photon emission computed tomography (SPECT)

for detecting osteophytes, 128
for evaluating osteochondral defects of the plafond, 117

Sinus tarsi, impingement of, anterolateral ankle pain due to,
52–53, 56, 100

Sinus tarsi syndrome, arthroscopic diagnosis in, 181
Skin temperature, evaluating, in physical examination, 40
Socioeconomic advantages, of arthroscopic subtalar

arthrodesis, 189–190
Sodium channels of neurons, blocking by local anesthetics,

265–266
Soft tissue

of the ankle, 19–23
resection of impingement lesions, 108

magnetic resonance imaging for evaluating injury to,
74–79

pathology of, 99–114
See also Impingement

Spin echo technique, description of, 76–77
Sports, return to, after excision of posteromedial lesions of

the talus, 144–146
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Sprains
ankle, magnetic resonance imaging in, 78–79
inversion

causing symptomatic os trigonum, 194
symptoms of, 51

Spring ligament, of the subarticular joint, 1
Staging, of osteochondral lesions

using appearance at surgery, 133–134
using computed tomography, 74–77

Steinmann pin fixation
in ankle arthrodesis, 169
results of, 154

Steri-Strips, in arthroscopic subtalar arthrodesis, 188
Steroids, for management of posterior ankle impingement, 

220
Stieda’s process (trigonal process), 130, 191–192

gross anatomy of, 6–7
resection of, 197–198

Stiffness of the connective tissues, heat for decreasing, 279
Strength testing in a physical examination, 43–44
Strength training, exercises for, 279
Stress fracture

calcaneal, differential diagnosis of, 53
metatarsal, edema in, 40
navicular, presentation of, 50

Stress radiography, 67–70
Stress test

eversion, of the deltoid ligament, 70
inversion, for conventional radiography, 69
subtalar, with the Telos device, 70

Stretching, to improve range of motion, 276–277, 279
Structure

chemical, of local anesthetics, 265–266
of osteochondritis dissecans lesions, and location on the

talar dome, 132–133
Subtalar arthrodesis, 181

arthroscopic, 183–190
Subtalar joint

anatomy of, 1–6, 183–185, 271–272
computed tomography scans of, 161
conventional radiography of, 66–67
motion of

evaluating, 41–43
during walking, 275

posterior
approach with a holmium:yttrium-aluminum-garnet laser,

251
arthroscopy of, 175–182
endoscopy for treating pathology of, 232

Subtalar pathology, 55–57
Suction sign, in the anterior drawer test, 52
Superficial peroneal nerve (SPN), traction injuries to, in

inversion ankle sprains, 53
Sural nerve

location of
in the posterolateral quadrant, 54
relative to the subtalar joint portals, 2–3

risk to
from portal placement in os trigonum excision, 199
from a posterolateral portal, 20

technique for anesthetizing, 268–269

Sural neuroma, symptomatic, 59
Surgery

open, for insertional tendinitis management, 221
for treating chronic fractures and postfracture pathology,

156–158
for treating osteochondral lesion of the talar dome, 135
See also Operative technique; Surgical technique

Surgical technique
in arthroscopic subtalar arthrodesis, 186–188
in arthroscopic treatment

of acute ankle fractures, 150
of the calcaneocuboid joint, 216
of soft tissue impingement lesions, 106–108

in endoscopic excision of Haglund’s deformity and
retrocalcaneal bursitis, 202–205

for endoscopic plantar fasciotomy, 235–239
in endoscopic tarsal tunnel release, 242–244
in office arthroscopy, 263
for os trigonum excision, 194–199
See also Operative technique

Synchondrosis, identifying the trigonal process of, 197
Syndesmosis

chronic disruption, results of arthroscopic treatment, 
160

integrity of, assessing, 66–67
open approach to, integrity of, 151

Syndesmotic complex, injuries to, magnetic resonance
imaging in, 78–79

Syndesmotic impingement lesion, 103–105
excision of, arthroscopically, 108

Synovectomy
arthroscopy for

in the ankle joint, 109
in the ankle joint, technique, 228
in the subtalar joint, 187
technique, 112–113

partial, to improve visualization in excising talar
posteromedial lesions, 143

radioactive, 110
Synovial chondromatosis, 111–112
Synovial folds (plicae), 23–27

congenital, 110
Synovial tissue, hypertrophic, excision of, 108
Synovitis

chronic reactive, 103
crystalline, treating with arthroscopic lavage, 109–110
degenerative, posttraumatic, 110
infectious, arthroscopic treatment of, 109–110

Synovium, reactive, in anterolateral impingement, 100
Syringe, for local anesthetic administration, 267

Talar dome
defects of, 115–131
osteochondritic lesions of

approach to, 29
location of, 132

Talocalcaneonavicular joint. See Subtalar joint
Talofibular ligament, anterior, evaluating, 45–46
Talonavicular articulation of the subtalar joint, 1
Talus, 27–29

anterolateral shoulder of, tenderness over, 55–56
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displaced fracture of, arthroscopy-assisted open reduction
and internal fixation of, results, 154

impingement of, on the anteroinferior tibiofibular ligament,
100

lateral process of, fracture of, 51
osteochondral fracture of the dome of. See Osteochondritis

dissecans
osteochondral lesions of

computed tomography for evaluating, 74–76
magnetic resonance imaging for diagnosis of, 78

osteochondritis dissecans of, 132
management, 134–135

pin in, for medial ankle distraction, 35
posterior surface of, 6–7
posteromedial lesions of, excising without distraction,

143–147
of the subtalar joint, posterior, 1

Tarsal tunnel syndrome (TTS)
endoscopic release in, 241–245
entrapment of the posterior tibial nerve in, 221
in the posteromedial quadrant of the ankle, 55

Tarsus, motion of, evaluating, 41–43
Tear, of the anterior tibiofibular ligament, magnetic

resonance imaging of, 78–79
Technician, operating room, for arthroscopy, 87
Technique

arthroscopic, for osteochondritis dissecans and talar dome
fracture management, 135–147

of computed tomography, 74
for excising posteromedial lesions of the talus, 143
of local anesthesia administration, 267–269
of posterior subtalar joint arthroscopy, 177–178
See also Operative technique; Surgical technique

Telos stress device, 67–70
Temperature, modulation of, in radiofrequency device use, 253
Tendinitis

Achilles, 220–221
flexor hallucis longus, association with posterior ankle

impingement syndrome, 220
peroneal, from excessive strain, 53–54
posterior tibial, 50

Tendinosis, Achilles, 57
insertional, 220–221

Tendons
of the ankle, 20–21
atrophic rupture of, from corticosteroid injection into a

tendon sheath, 103
injuries to, magnetic resonance imaging for evaluating,

79–81
peroneal brevis tendon, 226–229
peroneal tertius tendon, 3
release of, open versus endoscopic, 230
to the toes, examining, 43–44
See also Achilles tendon; Flexor hallucis longus tendon;

Peroneal tendons; Tibial tendon; Trans-Achilles
tendon (TAT)

Tendoscopy, posterior tibial, 223
indications for, 226–228

Tenography, indications for, 71
Tenosynovectomy, for treating posterior tibial tendon

pathology, 221, 230

Tenosynovitis
association of

with flat foot deformity, 230
with lateral ankle instability, 221

septic, coexistence with septic arthritis, 109–110
stenosing, symptoms of, 57

Tetracaine (Pontocaine), for local anesthesia, 266
Thermal necrosis, zone of, for a holmium:yttrium-aluminum-

garnet laser, 249
Thomasen’s sign

of flexus hallucis longis tendon injury, 55–56
of os trigonum, 55

Thompson’s test, for gastrocnemius–soleus complex and
Achilles heel evaluation, 45–47

Tibia, anatomy of, at the ankle joint, 27
Tibial artery

palpitation of, in a physical examination, 44–45
of the posterior neurovascular bundle, 20

Tibial nerve
posterior, relationship with the plantar fascia, 10–11
of the posterior neurovascular bundle, 20

Tibial pin
for lateral ankle distraction, 35
for medial ankle distraction, 35

Tibial tendon, posterior
balance with peroneal tendons, 230–233
pathology of, 55, 221

Tibial tendon sheath portal, posterior, 33
Tibiofibular ligament

anteroinferior, scarring of, 104
transverse

hypertrophy of, 102–103
secondary tibial slip of, 103

Time characteristics, in magnetic resonance imaging, 76–77
Tinel’s sign

for diagnosing nerve injury in anterolateral pain, 53
for diagnosing tarsal tunnel syndrome, 242
for identifying neuritis, 50
significance of, 45

Tomography, conventional, for detecting lesions of the foot
and ankle, 72–73

Torque generation, of the talotibial and subtalar joints,
muscles responsible for, 272–273

Toxicity, of local anesthetics, 266
Training, of surgeons in endoscopic plantar fasciotomy, 

235
Trans-Achilles tendon (TAT) portal, 22, 29, 32
Transchondral fracture of the talus, 132

results of arthroscopic treatment of, 144–147
Transmalleolar portal, 29, 34–35

for pinning medial lesions of the ankle, 137–141
Trauma

osteochondritis dissecans due to, 132
postraumatic soft tissue lesions due to, 99–106

Treatment
conservative, of trigonal lesions, 194
selection of, in osteochondritis dissecans and talar dome

fractures, 136–143
Trigonal process

mechanism of injury to, 194
resection of, 196–198
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