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Preface

The ultimate aim of a medical textbook is to benefit patients. In this
instance it is directed at the treatment of ankle and foot injuries
and disorders in both recreational and high performance athletes.
Our goal is not to proselytize but to present cogent, practical
information in the framework of a readable text. The book is not
encyclopedic in its contents; instead, we focus on the treatment
of common injuries and conditions, both operative and nonoper-
ative treatment, as well as the all important rehabilitation phase,
which facilitates the athlete’s return to sport. A chapter on taping,
orthotics, and braces has been included to enhance the under-
standing of their use for treatment and injury prevention.

We have organized the book into sections based on anatomic
region where appropriate and by type of injury otherwise. The
differential diagnosis of presenting symptoms and signs is dis-
cussed, leading to some repetition of material. The book is in-
tended to reflect our philosophies regarding treatment. Despite
myriad treatment possibilities, we have chosen only those pri-
mary and alternative methods with which we have had significant
experience. The inspiration for this book comes from patients,
therapists, instructors, and colleagues who have educated and
stimulated us to continue to improve our efforts to help patients.
We hope this reference will be useful to other physicians and
ultimately their patients.
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Introduction:
Special Considerations
in the Athlete

Injuries of the foot and ankle occur frequently in sports. More-
over, a significant number of atraumatic conditions, not manifest
during normal activity, can become symptomatic owing to the
increased demands of sport. Although certain of these injuries
and conditions resolve spontaneously, a significant number
require formal treatment.

The fundamental tenet of orthopaedic treatment is to restore
function whenever possible. Maximizing functional recovery is of
utmost importance in the athlete. Whereas postinjury functional
deficits may not be noticeable in the less active individual, even
slight functional loss in an athlete can impair performance or
potentially prevent participation. As there are currently no
standards by which to predict return to sport after an injury, the
treating physician should strive to achieve full anatomic and
functional restoration of the foot and ankle. In most cases
treatment of the injured athlete starts with several advantages
that help to promote an optimal outcome. Despite injury, the
athlete usually has a high level of fitness, which is conducive to
prompt, uneventful healing. The motivation of the athlete to
return to sport usually ensures compliance with a rigorous
rehabilitation regimen necessary to promote maximal soft tissue
recovery. The importance of dedicated trainers and therapists,
who assist the athlete in his or her endeavors, usually on a daily
basis, cannot be overemphasized.

Given the large numbers of potential injuries with time lost
from sport, prevention is paramount. For the foot and ankle,
shoewear, orthotics, braces, and taping are frequently utilized.
Use of these devices and methods varies considerably, based on
the experiences of the individual player, trainer, and physician.
Scientific studies have been undertaken to demonstrate their
efficacy. It is helpful for the physician treating athletes with ankle
and foot disorders to have a working knowledge of such protec-
tive equipment.

When treating the athlete the physician must be aware that the
recommended treatment may not be accepted by the patient. For
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instance, although rest from activity may be indicated for an
overuse injury, the serious athlete in the middle of the season
may not be willing to stop unless forced to do so by the injury.
Instead, simultaneous treatment and activity modification may
have to be utilized in which the athlete may reduce the intensity
of practice and the number of minutes played, as well as forego
“back to back” games, for example. Of more potential serious-
ness is the timing of surgery for chronic or even acute conditions
in the high performance athlete. Whereas immediate surgery
may be the optimal treatment, the athlete may choose to continue
playing for the season, deferring surgery until afterward. The
physician must discuss, in detail, the consequences of post-
poning treatment (e.g., the development of degenerative arthri-
tis, which could impair future ability to play and interfere with
even routine activities). Such discussion should be well docu-
mented in the medical record and, if the player concurs, dis-
cussed with his or her family, coach, and trainer.

Of added importance for treatment of the high performance
athlete (high school, college, professional) is the need to formulate
a detailed treatment plan at the outset that covers not only the
proposed surgical procedure, for instance, but potential compli-
cations and contingency plans, formal rehabilitation, and finally
transition to functional exercises and activities in preparation for
return to sport. Inclusion of family, coaches, trainers, manage-
ment, and agents in the initial discussion of the injury and treat-
ment plan, per the approval of the player, can greatly improve the
chances for a successful outcome.

Notwithstanding the ever-increasing numbers of high perfor-
mance athletes, most patients with foot and ankle injuries are
recreational-level participants. For these patients limited time for
rehabilitation exercises and, in many instances, restricted access
to formal therapy may require some modification of treatment
programs customarily utilized for the high performance athlete.
Especially for the recreational athlete, who may be knowledge-
able about injuries in famous professional and amateur athletes,
it is helpful for the treating physician to discuss with the patient
that no two injuries are alike and that different outcomes may
result, even with the same treatment from the same physician.

Finally and most importantly, the physician must remember
that the athlete, regardless of stature and fame, is susceptible to
frustration, anger, and despair when dealing with an injury that
does not heal quickly and uneventfully. Frequent communica-
tion, appropriate compassion, and second opinions are helpful
for maintaining a successful doctor-patient relationship during
this time.

Introduction



Ankle

Ligament Injuries

Lateral Ankle Ligament

Tears of the lateral ankle ligaments are
among the most common sports injuries
(Jackson et al., 1974). The spectrum of injury
ranges from mild sprains, after which an
athlete might return to activity the same day,
to frank rupture of one or more ligaments,
which can cause considerable lost time from
sport and persistent symptoms. Further-
more, chronic lateral instability occurs in
nearly 20% of patients (Boruta et al., 1990;
Freeman, 1965; Freeman et al., 1965; Kannus
and Renstrom, 1991; Rijke et al., 1988).
Because of these potential postinjury se-
quelae, it is incumbent on physicians in-
volved in the treatment of athletes to have
knowledge of injury prevention as well as of
effective therapeutic regimens. Of additional
significance is that a number of conditions,
including peroneal tendon dislocation, mid-
foot and subtalar injuries, and osteochondral
lesions, can mimic lateral ankle ligament

injury.
Biomechanics and Injury

The lateral ankle capsule is reinforced by
three ligaments: the anterior and posterior
talofibular ligaments and the calcaneofibular
ligament. Clinically, the anterior talofibular
and calcaneofibular ligaments are the most
important, as these ligaments function in a

reciprocal manner to resist inversion forces
applied to the ankle. The anterior talofibular
ligament develops increasing strain as the
ankle is moved from dorsiflexion to plantar-
flexion, and the calcaneofibular ligament de-
velops its highest strain in dorsiflexion (Col-
ville et al., 1992; Renstrom et al., 1988). The
calcaneofibular ligament, because of its ana-
tomic orientation, also stabilizes the subtalar
joint (Heilman et al., 1990; Laurin et al.,
1968).

The lateral ankle ligaments are injured by
inversion forces being applied to the plantar-
flexed ankle during loading or unloading of
the ankle. Injury affects the anterior talo-
fibular ligament first, followed by the calca-
neofibular ligament (Anderson et al., 1952;
Brostrom, 1964; Dias, 1979; Rasmussen,
1985). With extreme forces, the posterior ta-
lofibular ligament can rupture, causing dislo-
cation of the talus. Whereas isolated injury of
the anterior talofibular ligament is common,
isolated rupture of the calcaneofibular liga-
ment is clinically unlikely (Brostrom, 1964;
Rasmussen, 1985).

Clinical Presentation

From the history one can determine the level
of athletic performance, ascertain any pre-
vious ankle injury, reconstruct the mecha-
nism of injury, elicit the occurrence of a pop
or tearing sensation, note whether the indi-
vidual continued playing or is unable to bear
weight, and establish the onset and location
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of swelling. Obviously, the ability to continue
playing and the presence of minimal swelling
suggest a mild or moderate injury, whereas
rapid swelling, inability to bear weight, and
continued pain portend more severe injury.

A comprehensive examination of the ankle
and foot is important to avoid missing asso-
ciated and adjacent injuries. Inspection, pal-
pation, neuromuscular tests, and laxity tests
comprise the foundation of the physical
examination.

Swelling always occurs with a complete lig-
ament tear, and ecchymosis develops in ap-
proximately one-half of patients (Brostrom,
1964). If the patient is examined within a few
hours of injury, swelling is seen to be localized
to the inframalleolar region and can be differ-
entiated from the supramalleolar swelling
seen with syndesmosis injury or fibular frac-
ture, and the more distal swelling over the
sinus tarsi and midfoot due to subtalar or mid-
foot sprains and fracture of the anterior pro-
cess of the calcaneus.

The malleoli, medial and lateral ankle cap-
sule and ligaments, anterior and posterior
margins of the tibiotalar joint, tibiofibular
syndesmosis and the entire length of the
fibula, peroneal and Achilles tendons, and
the sinus tarsi must be palpated. Tenderness
of an individual ligament is suggestive of, but
not specific for, injury of that ligament.

The active range of ankle motion is mea-
sured; passive motion is painful and does not
aid in diagnosis. Evaluation of peroneal
muscle function is important. Active dorsifle-
xion and eversion may demonstrate disloca-
tion of the peroneal tendons. Test the integ-
rity of the peroneal tendons by having the
patient evert the foot against resistance. Pal-
pate the pedal pulses and complete the sen-
sory and motor examination of the foot and
ankle. Traction injuries of the posterior tibial
and peroneal nerves and peroneal compart-
ment syndromes have been described fol-
lowing severe ankle ligament injuries (Nitz et
al., 1985; Singer and Jones, 1986).

Laxity Tests

The lateral ligaments are evaluated by the
anterior drawer and talar tilt tests. The ante-

1. Ankle

rior drawer test measures anterior displace-
ment of the talus in relation to the tibia
(Anderson et al., 1952; Dehne, 1934). The
primary restraint to this test is the anterior
talofibular ligament. Maximum talar transla-
tion occurs with testing in 10 degrees of
plantarflexion (Grace, 1984). Injury of the
calcaneofibular ligament does not affect the
anterior drawer test (Larsen, 1985).

Talar instability is also assessed by the talar
tilt test. This test is useful for evaluating
combined injuries of the anterior talofibular
and calcaneofibular ligaments. The initial re-
straint to talar tilt in plantarflexion is the
anterior talofibular ligament. The secondary
restraint is the calcaneofibular ligament. Rup-
ture of the anterior talofibular ligament pro-
duces only a small increase in talar tilt, but
rupture of the calcaneofibular ligament as
well further increases the tilt.

The anterior drawer test is performed with
the patient supine or sitting. In the sitting
position, allow the knee to flex over the edge
of the table or bench with the ankle in 10
degrees of plantarflexion. Stabilize the ante-
rior aspect of the distal leg with one hand and
apply an anterior force to the heel with the
other, attempting to subluxate the talus ante-
riorly. An alternative method is the modified
anterior drawer test performed with the pa-
tient supine (Nyska et al., 1992). The knee is
flexed to approximately 120 degrees, and the
foot is fixed to the table or ground by one
hand of the examiner, maintaining the ankle
in 10 degrees of plantarflexion. The examin-
er’s other hand applies a posteriorly directed
force to the anterior distal leg, attempting to
translate the tibia posteriorly. Neither test is
usually painful, and each can be performed
in the presence of established swelling. Com-
parison with the other ankle allows determi-
nation of a normal or abnormal test. If the test
demonstrates an abnormal increase, stress
radiographs are obtained to allow quantifica-
tion of laxity.

The talar tilt test is performed with the
knee flexed over the side of the table or bench
and the ankle in 10 degrees of plantarflexion.
While the distal leg is stabilized by one hand
of the examiner proximal to the medial mal-
leolus, the other hand applies an inversion
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force to the hindfoot. The thumb of the hand
applying the inversion force can be used to
determine if tilting is occurring at the tibio-
talar joint. An overall increase in inversion
motion compared with the normal ankle in-
dicates subtalar instability alone or combined
with lateral ankle instability. This situation is
more likely to be encountered in the patient
being evaluated for symptoms suggesting
recurrent instability. Unless gross ankle in-
stability exists or the ankle is examined im-
mediately or with anesthesia, the talar tilt test
is unlikely to be markedly positive.

Because of the difficulty of accurately mea-
suring joint laxity in the patient with an acute
injury, stress radiographs are sometimes
useful in patients whose clinical examination
suggests abnormal laxity. They may also be
helpful in patients with pain, swelling, or
muscle spasm to a degree that prevents sat-
isfactory assessment.

Radiography

Anteroposterior (AP), mortise, and lateral
radiographs of the ankle are obtained rou-
tinely after suspected injury of the lateral
ligaments. Associated osteochondral injuries,
avulsions from the tip of the fibula, unsus-
pected disruption of the mortise, and mal-
leolar fractures may be evident. In addition, if
swelling and tenderness appear distal to the
lateral malleolus along the lateral foot, a
medial oblique and an AP view of the foot
may demonstrate an anterior process fracture
of the calcaneus or fracture of the base of the
fifth metatarsal.

If the anterior drawer test is negative (3 mm
or less side to side difference) and the talar tilt
test is negative, stress radiographs are unnec-
essary. If desired, document the degree of
laxity, obtaining both anterior drawer and ta-
lar tilt stress radiographs. The anterior drawer
test is performed with the ankle in 10 degrees
of plantarflexion. The talar tilt test is per-
formed by having the patient seated with the
hip and knee both flexed and the leg internally
rotated 15 degrees. If necessary, inject 15 ml of
1% lidocaine into the ankle for pain relief.
Obtain similar stress radiographs of the nor-
mal ankle.

3

The amount of anterior talar translation is
measured as the distance from a constant
point on the posterior aspect of the talus to
the posterior lip of the tibia. A more than 3
mm side-to-side difference indicates a com-
plete tear of the anterior talofibular ligament
(Fig. 1.1) If there is 10 degrees or more
side-to-side difference on the talar tilt test,
both the anterior talofibular and calcaneofi-
bular ligaments are ruptured (Fig. 1.2).

Ankle Arthrography and Magnetic
Resonance Imagining

In the past, ankle arthrography and peroneal
tenography were utilized to diagnose lateral
ankle ligament tears (Fig. 1.3). Despite the
ability of these contrast studies to demon-
strate the anatomic extent of the injury, their
use has declined because so few acute lateral
ligament injuries are treated by early surgery.
Similarly, magnetic resonance imaging (MRI)
can demonstrate the anatomy of the injury.
Because of its costliness, MRI is best reserved
for investigating suspected osteochondral le-
sions of the talus and peroneal tendon tears.

Diagnosis

The mechanism of the injury, localized swell-
ing, and tenderness suggest the diagnosis. In

Ficure 1.1. Anterior drawer test: 10 mm of forward
displacement of the talus from the posterior lip of
the tibia.
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Ficure 1.2A,B. Talar tilt test: 16 degrees side-
to-side difference.

the absence of a demonstrable increase in
laxity by clinical and radiographic stress tests,
exclusion of other diagnoses is necessary.
The differential diagnosis includes peroneal
tendon subluxation, osteochondral lesions of
the talus, and injuries of the subtalar and
midfoot.

Ficure 1.3. Peroneal tenography with dye extrava-
sating into the ankle joint, indicating capsular
rupture.

1. Ankle

Classification

Ligament injuries are typically graded as
first, second, or third degree, depending on
their severity. Other classification schemes
have been used for lateral ankle injuries,
however, because these injuries are complex.
Previously, when surgical repair was fre-
quently performed for acute injuries, the con-
cept of single and double ligament injuries
became popular (Black et al., 1978). From a
functional viewpoint, lateral ankle injuries
are often classified as stable or unstable
(Singer and Jones, 1986).

A classification scheme is valuable only if it
assists in the formulation of treatment, helps
to predict outcome, or facilitates comparison
of treatment plans. Previously, classification
has attempted to identify the patient who
should have surgical repair of acutely torn
lateral ankle ligaments. At present, because
nonoperative treatment has become the norm
for the treatment of most acute injuries, we
have not chosen to utilize any specific classi-
fication. Rather, as a basis for ongoing study
of residual symptoms after acute injuries, we
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attempt to define as precisely as possible the
amount of initial laxity, using clinical and
radiographic stress tests (anterior drawer and
talar tilt).

Prevention

A number of preventive measures are rou-
tinely employed (i.e., taping and braces). As
measured by biomechanical tests, taping can
reduce inversion of the foot, but the effect is
gradually lost during exercise (Greene and
Hillman, 1990). Semirigid braces (Fig. 1.4)
have been shown to decrease inversion and
reduce the incidence of lateral ankle sprains.
Despite the mechanical support offered by
taping and orthoses, proprioceptive stimula-
tion may in fact be a more significant effect
(Lofvenberg et al., 1995). High-top shoes
have been shown to reduce the amount of
inversion of the plantarflexed ankle (Otta-
viani et al., 1995). A prospective, randomized
clinical study, however, has demonstrated no

Ficure 1.4. Rigid stirrup orthosis for ankle support.
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measurable reduction in the ankle sprain
injury rate from use of a high-top shoe com-
pared to a low-top shoe (Barrett et al., 1993).

Treatment of Acute Injuries

Although the goal of treatment for all pa-
tients is to achieve a painless, stable ankle
with normal motion, for athletes minimizing
the time to return to activity is usually an
added consideration. Thus if we assume
equal outcomes from different treatments,
the ideal treatment would be the one that
resulted in the quickest return to sport. There
are two major categories of treatment: oper-
ative and nonoperative.

Historically, operative repairs of significant
ligament injuries have been standard treat-
ment. Controlled studies, however, have
shown no differences between the results of
surgery and nonoperative methods (Evans et
a., 1984; Freeman, 1965; Kannus and Ren-
strom, 1991; Moller-Larsen et al., 1988). In
fact, both groups have approximately the
same number of patients who subsequently
experience chronic instability. Given these
facts, together with the knowledge that sur-
gical repair usually means the end of the
season for the athlete, we reserve surgical
treatment for the rare bony avulsion injury
(Fig. 1.5) and the acute injuries that occur in
the athlete with a history of severe, recurrent
lateral ligament injury.

Nonoperative methods consist of immobi-
lization and functional regimens empha-
sizing early joint mobilization with graduated
rehabilitation. Provided there is access to
supervised therapeutic modalities on a daily
or, less desirable, an every other day basis, we
prefer to institute a functional program for the
athlete, regardless of the degree of docu-
mented laxity. Otherwise, initial splinting and
cast immobilization are utilized for a maxi-
mum of 3 weeks, followed by a 1 to 2-week
period of supervised rehabilitation.

Functional Rehabilitation

The mnemonic RICE (rest, ice, compression,
elevation) is well known. Treatment starts
once the severity of injury determines that



Ficure 1.5. Fixation of an avulsion fracture of the
tip of the lateral malleolus, which contains the
attachments of the anterior talofibular and calca-
neofibular ligaments.

the player is unable to continue playing. If
available, a commercial ankle boot that de-
livers intermittent cold and mechanical com-

1. Ankle

pression is applied in the treatment room
(Fig. 1.6). Otherwise, the ankle and foot are
immersed in an ice-water whirlpool or bucket
for up to 25 minutes. Following this phase, a
uniform compression bandage is applied that
consists of a felt pad placed around the lateral
malleolus in a “horseshoe” and secured with
cast padding and tape. If ambulation is
painful or the player is observed to limp,
crutches are utilized. The athlete is instructed
to keep the lower extremity elevated as much
as possible for the first few days. Mild anal-
gesics or nonsteroidal antiinflammatory
drugs (NSAIDs) are often useful.

Usually the severity of the injury—as de-
fined by pain, swelling, limited ability to bear
weight unsupported, and loss of ankle mo-
tion—is evident on reinspection 24 to 48
hours postinjury. As Garrick (1981) noted,
the resolution of swelling and pain are impor-
tant milestones that determine the progres-
sion of functional rehabilitation.

Therapy Schedule

The sequence of the treatment regimen is a
modified version of the one suggested by
Garrick (1981).

Days 2to 7

Cryotherapy and compression are continued.
An inferential unit may help relieve pain.

Ficure 1.6. Cryo-compression boot.
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Ankle motion, both active and passive, are
started. Motion can be performed in a cold
whirlpool both to take advantage of its anes-
thetic effect. Theraband, surgical tubing, and
similar cord-like devices are useful for
starting active resistive exercises in the pain-
free range. Although plantarflexion and in-
version are performed, emphasis is on ever-
sion and dorsiflexion motions. The stationary
bicycle is useful for motion as well. Proprio-
ceptive exercises using a tilt board (Fig. 1.7),
and manual resistive ankle exercises can usu-
ally be started at the end of this period.

Days 5 to 10

Ice and compression are no longer usually
needed; and if desired, heat can be instituted.
Most patients are ambulating pain-free. Iso-
tonic exercises are instituted. Use of a station-
ary bike with tension is encouraged. Fast
walking is started on a treadmill. Treadmill
speed toward running follows when ankle

Ficure 1.7. Tilt board for proprioceptive exercises.
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motion and strength are near normal.
Strength can be assessed by manual resis-
tance, isotonic, or isokinetic testing. Taping or
an ankle orthosis should be used during this
phase.

Days 7 to 21

Functional exercises (e.g., figure-of-eights,
backward running, pivoting) are allowed
with the patient using ankle support. Pro-
gression to sport specific drills are next, fol-
lowed by return to activity. The athlete con-
tinues to use an ankle support for the
remainder of the season.

Postinjury Complications

A number of patients experience residual
symptoms after a routine inversion injury.
Postsprain complications include ankle pain
secondary to osteochondral lesions, ossicles,
or the development of a soft tissue imping-
ment syndrome at the anterolateral corner of
the tibiotalar articulation (Basett et al., 1990;
Ferkel et al., 1991; Meislen et al., 1993; Taga
et al.,, 1993). As previously noted, the most
frequent problem is chronic instability.

Chronic Lateral Ankle Instability
Assessment

After one or more inversion injuries, the
patient may note continuing pain, swelling,
giving-way, or functional instability associ-
ated with pivoting and twisting on the ankle
and foot. Physical examination can demon-
strate peroneal weakness and calf atrophy,
tenderness to palpation over the lateral liga-
ments with chronic soft tissue swelling in the
inframalleolar region, and most significantly
abnormal laxity during the anterior drawer
and talar tilt tests. Routine radiographs may
demonstrate ossicles about the tip of the
lateral malleolus. The key to establishing the
diagnosis is the demonstration of abnormal
laxity on stress radiographs as described
previously.

In the presence of symptoms not substan-
tiated by radiographically confirmed laxity,
another diagnosis must be considered. Pero-
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neal subluxation can be diagnosed by observ-
ing retromalleolar tenderness and crepitus,
being able to displace the tendons on exami-
nation, or spontaneous subluxation of the ten-
dons from the peroneal groove on active dor-
siflexion and eversion of the foot and ankle.
Subtalar instability, which can mimic or co-
exist with lateral ankle instability, should be
suspected if total subtalar inversion exceeds
that on the normal side. However, subtalar
instability may go undetected unless stress
radiographs are obtained or stress tomogra-
phy of the subtalar joint is performed (Laurin
et al., 1968). In the absence of mechanical in-
stability, loose bodies or ossicles at the tip of
the lateral malleolus can produce symptoms
of instability. Functional instability, as popu-
larized by Freeman et al. (1965), is thought to
be due to loss of proprioception after lateral
ligament injury and is ameliorated by the
same nonoperative exercise programs as are
utilized for mechanical instability.

Nonoperative Treatment

Most patients with symptomatic mechanical
lateral instability of the ankle respond to a
program of peroneal strengthening, proprio-
ceptive training, and use of an ankle orthosis,
brace, or taping, as described above. Tilt
boards are especially helpful for recondi-
tioning the ankle and lower leg, facilitating
transition to sport.

Operative Treatment

There are two types of basic operative pro-
cedures: delayed repair of the torn liga-
ments and reconstruction (Brostrom, 1966;
Chrisman and Snook, 1969; Colville and
Grondel, 1995; Evans, 1953; Watson-Jones,
1955). Success rates are approximately 85%
irrespective of procedure. In most instances,
delayed primary repair of the anterior talofi-
bular and calcaneofibular ligaments is pos-
sible and, as such, is the procedure of choice.
Potential disadvantages of reconstructive
procedures include limitation of ankle and
subtalar motion due to the nonanatomic lo-
cation of the tendon graft and local morbidity
from graft harvest (Burks and Morgan, 1994;
Colville et al., 1992). Indications for recon-
struction as opposed to delayed primary re-
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pair include severe lateral ankle instability of
long duration, evidence of subtalar hypermo-
bility, or failure of a previous reconstruction
(Colville and Grondel, 1995).

Delayed Primary Repair

Surgical Technique. This technique is a modi-
fication of the one described by Brostrom
(1966).

1. Administer a prophylactic antibiotic, usu-
ally cefazolin. Perform arthroscopy, if de-
sired, as a significant number of patients
have chondral lesions of the medial talar
dome.

2. Place a bump underneath the ipsilateral
hip of the supine patient to internally
rotate the foot and ankle.

3. Under tourniquet control, incise the skin
starting along the anterior border of the
lateral malleolus 3 cm proximal to the tip,
gently curving posteriorly and inferiorly
to the visible and palpable peroneal ten-
dons. Alternately, with the ankle in max-
imum equinus, place the skin incision im-
mediately posterior to the prominence of
the lateral malleolus, starting 3 cm prox-
imal to the tip and following the peroneal
tendons distally (Fig. 1.8). This incision

Ficure 1.8. Skin incision for modified Brostrom
procedure.
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Ficure 1.9. Placement of the incision of the cap-
sular and lateral ankle ligaments.

avoids the lateral branches of the super-
ficial peroneal nerve, provides better ac-
cess to the calcaneofibular ligament, and
can be extended to perform an anatomic
reconstruction with split peroneus brevis
tendon, if necessary.

4. Protect the lateral branches of the super-
ficial peroneal nerve along the anterior
extent of the incision and the sural nerve
inferiorly and posteriorly as the subcuta-
neous tissue is incised. Palpate the talus
and the tip of the fibula while passively
moving the ankle to avoid inadvertently
opening the subtalar joint.

5. Incise the capsule and the normally at-
tenuated anterior talofibular and calca-
neofibular ligaments 5 to 7 mm from their
insertion on the fibula (Fig. 1.9). Do not
transect the ligaments more than midway
from their fibular attachment points. For
better exposure of the calcaneofibular lig-
ament, open the sheath and mobilize the
peroneal tendons.

6. Inspect the joint. If it has not already been
done arthroscopically, débride any chon-
dral lesions and remove loose bodies.

7. Preserving the proximal fibular attach-
ments of the capsule and anterior talofi-
bular and calcaneofibular ligaments,
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roughen the surface of the bone on the
distal end of the fibula between the artic-
ular margin and the insertion of the cap-
sule and ligaments.

. Place two 2-0 nonabsorbable sutures in

each distal ligament using a horizontal
mattress weaving configuration and ad-
vance the distal ligaments to the tip of the
fibula under its respective elevated prox-
imal half. Tie the sutures on the anterior
aspect while the ankle and foot are main-
tained in neutral flexion and slight ever-
sion (Fig. 1.10). Next, imbricate the prox-
imal end of each ligament over its distal
end in a vest-over-pants manner.

. Repair the peroneal tendon sheath (if

opened) and the joint capsule with a 2-0
absorbable suture. If additional support
for the repair is desired, mobilize the
inferior extensor retinaculum from the

Ficure 1.10. Suturing of the distal ligament under
the proximal flap. (A) Division of anterior talo-
fibular and calcaneofibular ligaments. (B) Suturing
of the distal ligament under the proximal stumps.



sinus tarsi and imbricate it to the fibular
periosteum proximal to the ligament re-
pair (Gould et al., 1980). This maneuver
requires placing the foot in maximum
eversion.

10. Close the skin with interrupted 4-0 nylon
suture and apply a short-leg well padded
U-shaped splint to maintain the ankle
and foot position.

Postoperative Management. Protected weight-
bearing is used until 10 days postoperatively,
at which time the splint and sutures are
removed. Apply a short-leg walking cast,
which is used for 6 weeks. At this point
formal therapy is inititated, beginning with
active ankle and subtalar motion. Resistive
exercises for the peroneals and dorsiflexors,
together with a tilt board for proprioceptive
conditioning, are performed for the next 4 to
6 weeks. Once motion is fully restored and
strength is 90 percent of the normal ankle,
functional exercises including running and
pivoting are allowed. The patient returns to
activity usually by 3 to 4 months. Taping or
an ankle orthosis is recommended for 1 year
after surgery.

Anatomic Reconstruction

Anatomic reconstruction of the lateral ankle
ligaments avoids limitation of subtalar mo-
tion by altering the attachment sites of the
tendon graft used to reconstruct the anterior
talofibular and calcaneofibular ligaments
(Colville and Grondel, 1995).

Technique

1. The patient is positioned supine with a
bump underneath the ipsilateral hip. With
the ankle in plantarflexion, a 15 cm longi-
tudinal incision is made centered over the
posterior prominence of the lateral mal-
leolus, extending proximally from the base
of the fifth metatarsal.

2. Avoid the sural nerve, which is posterior
in the incision. Open the peroneal tendon
sheath and identify the peroneus brevis
tendon, which lies anterior to the pero-
neus longus at the ankle. Remember that
traction on the peroneus longus plantar-
flexes the hallux metatarsal. Dissect the
muscle of the peroneus brevis from the
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anterior two-thirds of the peroneus brevis
tendon, splitting the tendon distally but
leaving it attached to the base of the fifth
metatarsal (Fig. 1.11A). Place a no. 2 non-
absorbable suture through the free end of
the peroneus graft, using a whipstitch to
taper the end of the tendon, thereby facil-
itating passage through the bony tunnels
that are to be created.

. A 45 mm drill bit is used to create the

bony tunnels in the calcaneus, fibula, and
talus (Fig. 1.11A). To start the transverse
calcaneal tunnel, identify the origin of the
calcaneofibular ligament, which lies poste-
rior to the peroneal tendon sheath. Start
the drill at a 45 degree angle to the calca-
neal surface at the insertion of the calca-
neofibular ligament. Distal to this point,
maintaining at least a 1 cm bony bridge,
start another drill hole also at a 45 degree
angle, converging toward the first hole.
Connect and enlarge the drill holes with a
curet. From a posterior point on the fibula,
posterior (deep) to the peroneal tendons
and at the tip corresponding to the origin
of the calcaneofibular ligament, drill a
tunnel from posterior to anterior that exits
at the origin of the anterior talofibular
ligament. Next, drill a vertical tunnel on
the neck of the talus at the insertion of the
anterior talofibular ligament.

. Before passing the tendon graft, imbricate

the anterior talofibular and calcaneofibular
ligaments as described in the section on
delayed primary repair. Pass the tendon
graft sequentially through the calcaneal,
fibular, and talar tunnels (Fig. 1.11B). A
commercially available curved suture
passer is helpful.

. Position the ankle in neutral and the foot

in near maximum eversion. Tighten the
peroneal tendon graft. Suture the graft to
the calcaneofibular ligament origin and in-
sertion first with 0 absorbable suture.
Tighten the graft again, and suture the free
end of the graft to the anterior talofibular
limb (Fig. 1.11C).

. Check that ankle and subtalar motion are

preserved. Repair the peroneal tendon
sheath at the level of the lateral malleolus
with a running 2-0 absorbable suture. The
tourniquet is released, and hemostasis is
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Ficure 1.11. Anatomic reconstruction
for chronic lateral ankle laxity. (A)
Anterior half of the peroneus brevis
tendon is harvested, leaving its distal
insertion intact. Drill holes are made
in the calcaneus, fibula, and talus as
described in the text. (B) The split
tendon is passed through the drill
holes in the calcaneus and fibula,
following the anatomic course of the
calcaneofibular ligament. (C) The
tendon is passed through the talar
drill holes, following the course of
the anterior talofibular ligament, and
is sutured to itself.
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obtained. The subcutaneous tissue is reap-
proximated with interrupted mattress stit-
ches,using 2-0 absorbable suture. Close
the skin with interrupted 3-0 nylon mat-
tress stitches. A well padded, posterior
splint is applied.

Postoperative Management. At 1 week remove
the sutures and immobilize the ankle and
foot in a short-leg cast, allowing weight-
bearing as tolerated. At 6 weeks immobiliza-
tion is discontinued and rehabilitation com-
menced according to the schedule for
delayed primary repair. Most patients return
to sports at 6 months. An ankle brace or
orthosis is used for the first year of activity.

Syndesmosis Sprains (Distal
Tibiofibular Ligament Injuries)

Syndesmosis sprains are often mistaken for
lateral ankle ligament sprains until delayed
recovery leads to reassessment. The major
significance of these injuries includes pro-
longed recovery from injury, syndesmosis
ossification, and diastasis of the distal tibiofi-
bular articulation (ankle mortise). Untreated
diastasis leads to symptoms of instability,
loss of power with push-off, and potential
degeneration of the articular surfaces of the
ankle joint.

Biomechanics and Injury

The tibiofibular syndesmosis, comprised of
the anterior and posterior tibiofibular liga-
ments, inferior transverse ligament, and in-
terosseous ligament, stabilizes the ankle mor-
tise. Both anterior and posterior tibiofibular
ligaments demonstrate an increase in strain
with ankle dorsiflexion; in addition, the an-
terior tibiofibular ligament undergoes length-
ening during external rotation of the talus
(Colville et al., 1990, 1992). Rupture of the
tibiofibular syndesmosis causes diastasis, ei-
ther frank or latent, of the ankle mortise
(Edwards and DeLee, 1984).

Clinical Presentation

Supramalleolar tenderness and swelling are
characteristic but may be obscured by later
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swelling that envelops the entire ankle. Ten-
derness of the anterior and distal tibiofibular
ligaments, pain elicited by compression of
the malleoli, and pain with squeezing of the
mid calf are highly suggestive of injury in
the absence of fracture (Hopkinson et al.,
1990). Careful palpation of the lateral collat-
eral ligaments reveals minimal or no tender-
ness. Talar tilt and anterior drawer test are
negative.

Radiography

Anteroposterior, lateral, and mortise radio-
graphic views are sufficient, but proximal
tenderness in the calf warrants inclusion of
the entire tibia and fibula in the study. Poten-
tial or latent diastasis may be missed; stress
radiography is helpful for establishing the
diagnosis. On the AP view the fibula should
overlap the tibia by 42% of the width of the
fibula and on the mortise view the separation
of the fibula and tibia must not exceed 5 mm
(Harper and Keller, 1989). External rotation is
applied to the ankle, and an AP or mortise
radiograph is obtained (Fig. 1.12).

Nonoperative Treatment

In cases without diastasis, immobilization
and protection from weight-bearing are stan-
dard. Immobilization can be in the form of a
bivalved cast or CAM walker, which are
removed for daily therapy. Bicycling and
light resistive exercises are started similar to
treatment for a lateral ankle sprain. Immobi-
lization and protection from weight-bearing
are continued until unprotected walking is
nonpainful and without limp.

Operative Treatment

Diastasis, frank or latent, requires treatment.
Untreated diastasis causes arthrosis of the
ankle, which, at the least, impairs activity.
Although casting can be utilized, placement
of a single, nonlagged, positional syndesm-
osis screw is the most reliable method.

Screw Fixation

A 3.5 mm cortical screw is used that engages
both fibular cortices and only the lateral
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Ficure 1.12. (A) Diastasis of inferior tibiofibular articulation. (B) Normal.

cortex of the tibia 2 to 3 cm above the
tibiotalar joint. Joint range of motion, soft
tissue mobilization, and peroneal and dorsi-
flexor strengthening exercises can commence
immediately after the incision is healed, at 1
week. Protected weight-bearing is used for
3 to 4 weeks. Although the screw is unlikely
to break with ambulation (Kaye, 1989), it
should be removed before return to sport.

Syndesmosis Ossification

Delayed return to activity because of persis-
tent pain and weakness with push-off is
frequent. It may be secondary to ossification
of the tibiofibular ligaments (Fig. 1.13). If
syndesmosis ossification occurs, the athlete
may complain of increased “stiffness” of the
leg when running and jumping. Individuals
with syndesmosis ossification are at greater
risk for experiencing inversion ankle sprains
(Taylor et al., 1992), although excision of
ossification is rarely needed.

Ficure 1.13. Syndesmosis ossification after sprain.
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Ankle Fractures

Fractures of the ankle occur during both
contact and noncontact sports. Primary con-
siderations include the severity of the soft
tissue component of the injury, the anatomy
of the fracture, and the degree of displace-
ment. Vigorous attention to surgical treat-
ment and rehabilitation is necessary to avoid
sport-limiting postfracture complications. Of
particular importance is the need to prevent
loss of ankle and subtalar motion, distur-
bance of ankle proprioception, and muscle
weakness.

Clinical Presentation

Injury is usually dramatic. Immediate severe
pain, inability to bear weight, and swelling
are prominent, unless the fracture is stable,
in which case limited weight-bearing may be
possible. Gross deformity due to lateral talar
shift can occur with fracture of both medial
and lateral malleoli with associated rupture of
the distal tibiofibular syndesmosis. Assess-
ment of vascularity, sensation, and motor
function of the foot is vital. Gross deformity
can induce skin breakdown, especially medi-
ally, and contribute to diminished perfusion
and sensation of the foot. It should be cor-
rected by gentle longitudinal traction, even if
radiography is not immediately available.
Tenderness and crepitus are useful for iden-
tifying fracture location before radiographs
are obtained. The entire fibula should be
palpated to avoid missing a proximal fibula
fracture associated with extensive syndesm-
osis injury. Range of motion testing is not
useful for the assessment and is usually un-
duly painful. With delayed presentation, se-
vere swelling and ecchymosis are usually
present. Splinting and elevation should be
performed as soon as possible, even if radio-
graphs cannot be performed until transport
to a hospital.

Open Fractures

Open fractures require special consideration.
Wounds should not be probed. A sterile
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dressing soaked in iodine-povidone solution,
if available, is applied to the wound; another
layer of dry, sterile dressing is added, and
the ankle is then placed into a well padded
splint that maintains alignment. In the emer-
gency room the wound is not reinspected.
Tetanus prophylaxis and cefazolin are admin-
istered, with an aminoglycoside added for
type III fractures. Cultures are not performed
preoperatively.

Radiography

Anteroposterior, mortise, and lateral radio-
graphs are usually sufficient to diagnose and
classify ankle fractures. Although fractures of
the medial and lateral malleolus are usually
obvious, fracture of the posterior lip of the
tibia (the “posterior” malleolus) and bony
avulsion of the anteroinferior tibiofibular lig-
ament may be subtle. Displacements of the
malleoli, along with external rotation and
shortening of the lateral malleolus, are
measured.

When the medial malleolus is not frac-
tured, deltoid ligament rupture must be con-
sidered. An increase in the articular space
between the medial malleolus and medial
talus, compared to the joint width between
the superior talar dome and tibial plafond,
confirms deltoid ligament and syndesmotic
ligament rupture (Fig. 1.14). The relation of
the distal tibia and fibula at the mortise
normally demonstrates an overlap of the
fibula and tibia on the AP view of 42% of the
total width of the fibula and on the mortise
view a separation, or “clear space” not ex-
ceeding 5 mm is evident (Harper and Keller,
1989). Whereas fracture of the fibula at or
above the tibial plafond indicates syndesm-
osis injury, diagnosis of tibiofibular insta-
bility requires a demonstrable increase in
distal tibiofibular separation, as seen on ra-
diographs or by intraoperative testing.

Classification

The two major classifications are those of
Lauge-Hansen (1950) and Danis-Weber
(Muller et al., 1979). Lauge-Hansen classified



Ankle Fractures

Ficure 1.14. Lateral talar shift in mortise view
(arrow), indicating deltoid ligament rupture asso-
ciated with syndesmosis diastasis.

fractures based on the position of the foot
and ankle and the direction of applied force.
Using cadavers, he was able to demonstrate
the sequence of injury that occurred. The
Danis-Weber classification is based on the
level of the fibular fracture as it relates to the
distal tibiofibular syndesmosis (Fig. 1.15).
Popularized by the AO-Group, the Danis-
Weber system allows identification of those
fractures (some type Bs and all type Cs) with
potential tibiofibular instability. Both classifi-
cation schemes are useful when formulating
treatment, but the Lauge-Hansen classifica-
tion, because of its detailed description, al-
lows more accurate comparison of interstudy
results.

With the Lauge-Hansen system, the foot is
positioned in supination or pronation at the
time of pathologic force application. Three
forces are recognized: adduction, eversion,
and pronation. The most frequently encoun-
tered fractures occur with the foot in supina-
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tion as a result of application of either an
adduction or eversion force. With the foot
pronated and an abduction or eversion force
applied, Lauge-Hansen noted significant
syndesmotic ligament injury associated with
malleolar fractures.

Indications

Nondisplaced intraarticular and minimally
displaced (< 2 mm) extraarticular fractures
can be treated by cast immobilization for a
period of 4 to 6 weeks. Primary internal
fixation is performed for all intraarticular frac-
tures with more than 2 mm of displacement,
rotation, or shortening (Joy et al., 1974).
Although many supination-eversion frac-
tures (Danis-Weber type B) can be reduced
closed, the use of a long leg cast to maintain
reduction, in general, is not well tolerated.

Operative Treatment

The best opportunity for restoring function of
the ankle and lower extremity is anatomic
reduction of the fractures accompanied by
stable fixation which allows early joint mo-
tion and isometric and light resistive exer-
cises. To this end, careful selection of inci-
sions and minimal surgical soft tissue
dissection are helpful. When possible, sur-
gery within 12 hours is preferred before frac-
ture swelling and blisters develop. Open frac-
tures are operated on within 6 hours.

Technical Considerations

Fixation of the lateral malleolus is the key to
restoring the mortise and correlates with out-
come (Muller et al., 1979; Weber, 1993; Ya-
blon et al., 1977). In addition, anatomic fixa-
tion of the lateral malleolus usually
repositions the posterior lip fracture of the
tibia by “ligamentotaxis” through the poste-
rior tibiofibular ligament. Decisions re-
garding fixation of the lateral malleolus in-
clude whether to use lag screws alone or in
combination with a neutralization plate,
whether the plate should be lateral or poste-
rior, and how many cortices above and below
the fracture are needed for stable fixation.
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Ficure 1.15. Danis-Weber (AO) classification of ankle fractures. (A) Type A. (B) Type B. (C) Type C.

It may be difficult to predict the method of
fixation of the medial malleolus. Preferably,
parallel 4.0 mm cancellous screws are used,
but a tension band for comminuted fractures
or a single screw may sulffice. In the case of
deltoid ligament rupture, the issue of
whether to open the medial ankle joint re-
mains unsettled. Although the ligament can
heal without surgery (Zeegers and vander-
Werken, 1989), the ankle is well visualized
from the medial side, allowing irrigation and
removal of traumatically produced chondral
flakes from the talus, tibia, or fibula. A pos-
terior lip fracture with more than 25% in-
volvement of the posterior articular surface
should be fixed. When the fracture has been
reduced by “ligamentotaxis,” an anterior to
posterior lag screw is sufficient. If not, a

posteromedial incision is required to allow
access to the fracture for reduction.
Currently, the most unsettled issue is
when to transfix the distal tibiofibular syn-
desmosis (Boden, 1989). Rather than relying
solely on the fracture pattern, the stability of
the distal tibifibular syndesmosis is assessed
by manually attempting to displace the re-
duced and stabilized fibula (Weber, 1993).

Fixation of Ankle Fractures

Technique

1. Under tourniquet control and with a bump
placed underneath the ipsilateral hip to
facilitate lateral ankle exposure, the fibula
is exposed through a straight, longitudinal
incision centered over the fracture. Dis-
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section is carried down through the sub-
cutaneous tissue and periosteum of the fib-
ula without creating flaps. (This method
avoids potential injury to the sural and su-
perficial peroneal nerves, posteriorly and
anteriorly, respectively. Gently elevate the
periosteum from the fracture ends.

. Reduce the fibula by applying longitudinal
traction to the distal fragment with a bone
forceps or a bone hook seated in the lateral
cortex near the inferior tip. For transverse
fractures (supination-adduction or Danis-
Weber type A and pronation-eversion or
Danis-Weber type C-2 injuries), a lag
screw cannot be placed across the fracture.
In these cases, usually a one-third tubular
plate is used alone and placed laterally.
Occasionally with a Danis-Weber type A
fracture, a single axial 4.0 mm lag screw
can be inserted from the tip into the canal
of the fibula. With the most common ankle
fractures, Weber-Danis types B and C-1,
the fibular fracture is oblique in the AP
plane. If the fracture length is at least two
times the diameter of the fibula, lag screws
alone (usually two or three) are inserted
perpendicular to the fracture. Otherwise, a
single AP lag screw and a laterally placed
one-third tubular plate are used (Fig. 1.16).
A posterior gliding plate which can be help-
ful in osteopenic bone, may cause irritation
of the peroneal tendons and should be
avoided (Schaffer and Manoli, 1987). If alag
screw has been used, a minimum of four
cortices distally and four cortices proxi-
mally should be sufficient to stabilize the
fracture. If lag screw fixation is not possible,
fixation should include six cortices proxi-
mally and four cortices distally.

. If further reduction of a posterior lip frac-
ture of the tibia is not necessary, as con-
firmed by postfixation radiographs after
fibular stabilization, the medial malleolus
is exposed by a straight, longitudinal inci-
sion centered over its tip. Dissection is
performed straight down to the malleolus
and the periosteum elevated from the
edges. To visualize the joint, open the
capsule at the junction of the medial mal-
leolus and the plafond. Protect and do not
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Fiure 1.16. Internal fixation of Danis-Weber type
B ankle fracture.

ligate the saphenous vein. Inspect and
irrigate the joint.

. Use bone forceps or a tenaculum to obtain

and maintain reduction of the medial mal-
leolus, as provisional K-wires may inter-
fere with placement of permanent fixation.
Use the AO small fragment parallel drill
guide to insert two 4.0 mm cancellous
screws. An intraoperative mortise radio-
graph should demonstrate that the screws
do not pass into the joint.

. If after fibular fixation a posterior lip frac-

ture is not reduced, the medial incision
must be altered to expose the fracture. In
this circumstance, make an incision along
the posteromedial border of the tibia and
medial malleolus, following the curve of
the posterior tibial tendon. A bone forceps
or tenaculum can be used to reduce the
posterior lip fracture and maintain it while
fixation from the anterior position is
performed.
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6. Fixation of the posterior lip fracture is by a
4.0 mm lag screw inserted from anterior to
posterior through a short vertical incision
immediately above the distal tibial articular
surface (plafond) and along the medial
border of the anterior tibial tendon. Drill
and insert the lag screw with slight lateral
displacement of the anterior tibial tendon.
If the threads of the lag screw are too long
and cross the fracture, cut the threads
short with a wire cutter.

7. Evaluate the stability of the tibiofibular
syndesmosis after all fractures have been
satisfactorily fixed. Using a bone hook,
attempt to displace the fibula laterally. If
no instability is present, a syndesmosis
screw is unnecessary. If instability is
present, however, the syndesmosis must
be stabilized. Care must be taken to avoid
narrowing the syndesmosis by performing
syndesmosis fixation with the ankle in
neutral and using a noncompressive
screw. Insert a fully tapped, 3.5 mm cor-
tical screw parallel to the ankle joint just
above the distal tibiofibular ligaments (2-3
cm above the joint). Engage both fibular
and only the lateral tibial cortices (Fig.
1.17).

8. Obtain final radiographs, and close the
wounds in layers. Drains are usually un-
necessary. Apply a well padded U-splint
(medial and lateral stirrups with a plantar
foot plate) that maintains the ankle and
foot in neutral.

Postoperative Management

Elevation is crucial to minimize swelling post-
operatively. Non-weight-bearing ambulation
is used routinely. At 1 week the sutures are
removed. Either a short-leg cast with the
dorsal portion anterior to the ankle and foot
removed to allow active ankle dorsiflexion or
a commercial CAM walker with the ankle set
at neutral is applied and worn at all times
except when therapy and ankle range of
motion exercises are being performed. Ankle
support is necessary to prevent loss of dorsi-
flexion during the early postoperative period.

Initial therapy consists in passive and ac-
tive ankle range-of-motion exercises, elec-
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Ficure 1.17. Syndesmosis stabilization.

trical stimulation, icing and whirlpool bath to
reduce swelling, and light resistive exercises
with surgical tubing. No weight-bearing is
allowed for 4 weeks. If a syndesmosis screw
has been used, non-weight-bearing is main-
tained for 6 weeks. Thereafter, partial
weight-bearing is started, even for fractures
requiring stabilization of the syndesmosis.
Full weight-bearing is allowed at 6 to 8 weeks
after radiographs demonstrate early healing.
If used, a syndesmosis screw is removed
under local anesthesia at 8 weeks. Running
on a treadmill can usually begin by 8 to 10
weeks. Lateral slides, figure-of-eight run-
ning, and ankle proprioception training on a
tilt board are important before attempting
unrestricted running and sport specific train-
ing. Many athletes can return to sports by 4
months.

Prolonged soft tissue swelling and hard-
ware intolerance, because of the superficial
location of the fracture, are frequent. When
possible, removal of fracture implants is de-
layed until after the season. All hardware can



Osteochondral Lesions of the Talus

be removed at 4 months, with a short re-
covery of 1 to 2 weeks thereafter.

Osteochondral Lesions
of the Talus

An osteochondral lesion of the talar dome
(Fig. 1.18) is a significant cause of persistent
pain after ankle injury. This disorder of the
ankle was first described in 1922 by Kappis.
He theorized that the problem was due to
spontaneous necrosis of the talar dome.
Berndt and Harty in 1959 termed these le-
sions “transchondral fractures” because they
could be created traumatically. Trauma is the
most commonly accepted etiology for these
lesions, though with the development of
computed tomography (CT) and MRI scan-
ning it has been found that some defects are
due to spontaneuos necrosis of the bone
(Loomer et al., 1993).

Ficure 1.18. Osteochondral lesion of the medial
talar dome.

Pathogenesis

Berndt and Harty (1959) advanced the
understanding of this condition through a
clinical series and cadaveric studies that
demonstrated the pathomechanics of the
injury. Their bench studies corroborated the
clinical impression that these lesions follow
two distinct patterns. Those located on the
lateral talar dome are usually anterior, and
those on the medial side are found at the
apex or on the posterior dome. Both types of
lesions have been produced in cadavers by
application of a loading force through the leg
onto an ankle fixed in inversion. When the
inverted ankle was dorsiflexed, the result
was an anterolateral lesion. A posteromedial
lesion was created when the inverted ankle
was in plantarflexion and similarly loaded.

In dorsiflexion the wider anterior half of
the talar dome fits tightly in the mortise. With
an excessive inverting force, the talus rotates
laterally in the frontal plane causing the lat-
eral margin of the talus to impact and com-
press the articular surface of the fibula. This
maneuver produces a small area of indenta-
tion in the talar margin. If the talar rotation
continues, the margin of the talar dome can
be sheared off.

Conversely, when the ankle is in plantar-
flexion the narrow posterior half of the talus
fits loosely in the mortise. Inversion of the
talus causes the talus to rock laterally and the
medial border impacts the articular surface
of the tibia. External rotation of the tibia
produces grinding against the medial talar
ridge, an action whose force is increased as
the collateral ligaments of the ankle tighten.
It leads to a defect in the posteromedial
dome.

Classification

Berndt and Harty (1959) developed a classifi-
cation scheme based on the degree of dis-
placement of the defect (Fig. 1.19). Stage I
describes compression of the cartilage and
underlying bone. A stage II lesion has a
partially detached fragment of bone and car-
tilage. A stage III lesion is completely de-
tached, but it remains in its bone bed,
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whereas a stage IV lesion has become
displaced.

This classification scheme is still commonly
used but has been modified to include a
newly described lesion (Anderson et al.,
1989; Loomer, et al., 1993). The use of CT and
MRI scanning has allowed identification of a
subchondral lesion in the talar dome as a fifth
type of talar dome lesion. Although this
lesion may occur by spontaneous necrosis, it
has been observed to occur after documented
stage I and II lesions. It is thought to be due
to resorption of necrotic bone, which then
leaves a rim of sclerotic bone filled with fluid.
It has been termed a stage Ila or stage V
lesion (Loomer, et al., 1993; Thompson and
Loomer, 1984).

Further characterization of the medial and
lateral lesions show that in general those on
the medial side tend to be deep with a
cup-shaped base, whereas lateral lesions are
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Ficure 1.19. Location and classifi-
cation of osteochondral lesions of
the talus. (A) Lateral lesions tend
to be anterior, whereas medial le-
sions are more posterior. (B) Clas-
sification: stages I, II, III, IV, and V
(or IIa).

often shallow or wafer-shaped. Moreover,
98% of the lateral lesions have a definite
history of associated trauma, whereas that is
true for only 70% of the medial lesions (Ca-
nale and Belding, 1980; Flick and Gould,
1985).

Clinical Presentation

The athlete presents with a complaint of ankle
pain that can be localized to the medial or
lateral side. The pain may be constant or as-
sociated with certain activities. Some patients
notice “catching” or locking of the ankle,
which may indicate a stage IIl or IV loose
fragment. Swelling may occur but is not com-
mon. Loss of ankle motion is also unusual.
There is usually a history of an ankle
sprain, although it may have occurred in the
distant past. An unfortunate feature of these
injuries is that they are often not recognized



COLOR PLATE 1

Ficure 1A-D. OCD of anterolateral talar dome (A).  tion of flap (C) and microfracture of bony bed of
The cartilage flap retains only a small hinge and is  talus using special awl (D) to stimulate fibrocar-
devoid of attached subchondral bone (B). Resec- tilage ingrowth.
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Ficure 2A-D. Open debridement of ankylosed Attempted dorsiflexion causes impingement of
ankle after open talar dislocation. Exposure is spur on talus (B). Osteotomy of spur with mal-
medial to anterior tibial tendon through initial leable retractor protecting talar dome (C). Post-
open wound. Anterior capsule has been elevated debridement appearance (D).

and retracted to show anterior tibial spur (A).



COLOR PLATE 3
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Ficure 3A-D. Post-traumatic synovitis (A,B). After debridement note the smooth articular surfaces
(C,D).



COLOR PLATE 4

A B

Ficure 4A,B. Loose body in degenerative ankle adjacent to medial malleolus. Note the chondral wear
along the dome of the talus, immediately beneath the tibial plafond.

Ficure 4C,D. Arthroscopic debridement of anterior tibial spur.
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when they occur (Flick and Gould, 1985;
Burkas et al., 1982; Loomer et al., 1993).

Radiography

In most cases a careful review of the routine
radiographs of the ankle demonstrates the
lesion. Misinterpretation of radiographs has
been shown to be a real problem when eval-
uating these lesions, as some of the lesions
are not visible on standard radiographs.
Careful review of serial radiographs may
show that in some cases the lesion becomes
radiographically apparent only after some
months (Flick and Gould, 1985).

If clinical suspicion is not verified by the
plain films, a technetium bone scan is a
sensitive test to undertake as the next step.
The bone scan shows an area of increased
tracer uptake in the region of the talus corre-
sponding to the lesion. It is not useful for
characterizing the lesion further, however, or
for describing the stage of the lesion.

Computed tomography can provide a more
detailed picture of the lesion and can accu-
rately determine the size of the lesion (An-
derson et al., 1989; Loomer et al., 1993). It
gives no information, though, about the de-

Ficure 1.20. MRI of an osteochondral
lesion of the talar dome.

21

gree of overlying cartilage damage. It may
not identify a stage I lesion, but it can show
the progression of a stage I or II lesion to a
subchondral cyst. If the lesion has been sat-
isfactorily identified on plain radiographs, it
is not necessary to obtain a CT scan.

Magnetic resonance imaging detects
changes that occur in the bone marrow due to
a fracture and is a sensitive test for all stages
of osteochondral lesions (Fig. 1.20) (An-
derson et al., 1989). The marrow normally
has a high signal intensity on both T1- and
T2-weighted images due to the presence of
fat. After a fracture there is a decrease in the
T1 signal intensity due at first to the presence
of edema and later to the formation of fibrous
tissue. The extent of edema may be much
greater than the extent of the lesion, a situa-
tion that can lead to overestimating the size
of the lesion. There are also reports of MRI
discovering abnormalities that are asympto-
matic, so the study must be interpreted with
the clinical circumstances in mind.

Nonoperative Treatment

The initial nonoperative treatment consists
in rest, oral antiinflammatory medications,
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casting, and non-weight-bearing. Canale and
Belding (1980) recommended initial non-
operative treatment for all stage I and II
lesions and for medial stage III lesions.
They believed that lateral stage III and all
stage IV lesions required early excision.
Operative treatment is indicated for athletes
with lower grade lesions who fail non-
operative treatment. The length of time
that nonoperative measures should be pur-
sued varies depending on the duration of
symptoms and the athlete’s demands and
expectations.

Operative Treatment

For higher grade lesions and lesions that do
not respond to nonoperative measures, sur-
gical intervention is necessary (Anderson et
al., 1989; Canale and Belding, 1980; David-
son et al., 1967; Mukherjee and Young, 1973;
Naumetz and Schweigel, 1980; Yvars, 1976).
The essential treatment is to excise the lesion
and drill its base to promote revascular-
ization and formation of a repair cartilage.
There are variations on how it may be
accomplished depending on the location,
accessibility of the lesion, and its stage.
Lateral lesions were traditionally approached
through an anterior arthrotomy, but the
development of ankle arthroscopy has of-
fered a minimally invasive technique partic-
ularly suited to treating these anterior lesions
(Ferkel and Scranton, 1993; Martin et al.,
1989; Parisien, 1986; Parisien and Vangsness,
1985; Pritsch et al., 1986; Van Buecken et al.,
1989). After removing any loose fragments
the base of the defect can be drilled under
arthroscopic visualization with a small drill
point or K-wire.

Arthroscopy is also used for medial le-
sions, but the more posterior location of
these defects makes access with instruments
difficult (Ferkel and Scranton, 1993; Martin
et al.,, 1989; Parisien, 1986; Parisien and
Vangsness, 1985; Pritsch et al., 1986; Van
Buecken et al., 1989). Ferkel and Scranton
(1993) described the use of a transmalleolar
portal for drilling medial lesions after exci-
sion and curettage has been performed
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through standard anterolateral and antero-
medial ports. Instruments have been devised
that can aid in triangulating the defect
through the malleolus. Free-hand drilling
with a small K-wire through the medial
malleolus can also be done.

Open techniques can be used for large
lateral lesions and are useful for many
medial ones. Stage IV lesions that are large
may be replaced and fixed with a K-wire,
Herbert screw, or absorbable pin (Pettine
and Morrey, 1987). Stage IIA or V subchon-
dral cysts or other lesions with an intact
overlying cartilage can be approached from
the adjacent gutter, elevating the cartilage
and allowing the defect to be curetted and
drilled (Lian and Marder, 1994). Bone graft
may be placed into the defect, with the
cartilage placed back over the defect and
held in place with an absorbable pin. The
lateral lesions can be approached with an
anterolateral arthrotomy. The medial lesions
are usually approached through a trans-
malleolar osteotomy that has been predrilled
and pretapped. Other approaches to medial
lesions include the anterior approach to
the malleolus under the anterior tibialis
tendon and the posterior approach to the
malleolus through the posterior tibialis ten-
don sheath (Flick and Gould, 1985; Loomer
et al., 1993).

Although the results of treatment, arthro-
scopic or open, are generally favorable (Alex-
ander and Lichtman, 1980), some studies
have indicated that patients may develop
significant ankle problems. Canale and
Belding (1980) found that 50% of their pa-
tients, whether treated surgically or conser-
vatively, had radiographic evidence of ankle
arthrosis at an average follow-up of 11.2
years. Pettine and Morrey (1987) found radio-
graphic evidence of arthritis at a 7 year follow-
up in 41% of patients with type I or I lesions
and in 46% of those with type IIl or IV
lesions. Scharling (1978) found that only half
of his patients were pain-free, and that lim-
ited ankle motion was present in 37% of
patients 7 years after treatment. He also re-
ported that there was radiographic evidence
of degenerative changes in 40% of the
patients.
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Arthroscopic Drilling of Lateral
Talar Dome Lesion

Technique

1. A general anesthetic is provided and a
tourniquet applied. The ankle is infiltrated
with 10 cc of 0.5% bupivacaine (Marcaine)
with epinephrine.

2. Standard anteromedial and anterolateral
portals are made and the joint inspected.
The lesion is identified, with disrupted or
soft cartilage overlying the defect on the
lateral talar dome.

3. The disrupted cartilage surface is débrided
with a small curet and a shaver. Any loose
osteocartilaginous fragments are removed.

4. The base of the defect is drilled with an
0.062 inch K-wire passed through the lat-
eral portal while visualizing it through the
arthroscope in the medial portal (Fig.
1.21). Additional passes of the K-wire can
be made directly through the skin into the
defect so the defect is drilled in multiple
directions.

5. The tourniquet is released, and bleeding
vessels are identified diffusely in the base
of the defect.

Postoperative Management

The athlete is kept non-weight-bearing on
crutches for 4 to 6 weeks. The skin sutures

Ficure 1.21. Arthroscopic drill-
ing of a medial dome lesion
fixation with K-wire.
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are removed at 7 to 10 days. Ankle motion
exercises are started immediately, but contin-
uous passive motion devices are not used.
Formal therapy for assisted range-of-motion
exercises, modalities to decrease swelling and
pain (interferential stimulation, intermittent
compression, whirlpool), and isometric exer-
cises are often helpful. At 6 to 8 weeks, once
pain-free weight-bearing is accomplished,
proprioceptive training with a tilt board and
full resistive exercises are started. The ability
to perform functional exercises is necessary
before return to sports, which averages 3
months.

Open Treatment of Medial
Talar Dome Lesions

Surgical Technique

1. A general anesthetic is provided and a
thigh tourniquet applied. The iliac crest is
prepared for a bone graft. A 5 cm longitu-
dinal incision is made over the medial
malleolus, and the tip of the malleolus is
exposed subperiosteally.

2. The malleolus is predrilled and tapped for
two 4.0 mm cancellous screws.

3. A medial malleolar osteotomy is made
with the oscillating saw at the level of the
tibial plafond. A slight chevron shape to
the osteotomy ensures that it can be re-
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placed anatomically. The malleolus is re-
flected distally on the fibers of the deltoid
ligament, exposing the medial side of the
talus.

. I the lesion is small or the overlying carti-

lage disrupted, the cartilage is débrided
and the defect in the bone curetted and
then drilled with multiple passes with a
0.062 inch K-wire.

. If thelesion is large and can be replaced, the

base is curetted (Fig. 1.22) and drilled with
a 0.062 inch K-wire. The osteocartilaginous
lesion is then replaced in its bed and fixed
with one or two absorbable polyglycolic
acid pins or Herbert screws.

. If the lesion is large and cannot be replaced

but the overlying cartilage is intact, the
cartilage is elevated with a Freer elevator.
The lesion is approached from the side of
the talus in the gutter. The underlying
defect in the bone is curetted and drilled
with a 0.062 inch K-wire. A cancellous
bone graft is obtained from the exposed
tibia at the malleolar osteotomy site or
from the iliac crest. The graft is inserted
into the defect and the cartilage replaced
over it and fixed with one or two absorb-
able polyglycolic acid pins or small screws.

. The malleolus is then replaced and fixed

with two 4.0 mm cancellous screws. The
skin is closed and a posterior splint
applied.
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8. Weight-bearing is not allowed for 6 weeks.
The skin sutures are removed after 10 to 14
days, and a removable orthosis is worn to
protect the osteotomy. As soon as the
wound allows, active ankle motion exer-
cises are performed. Formal therapy is not
started until the osteotomy has healed
(usually 4-6 weeks). Thereafter therapy
progresses as described above with pa-
tients requiring a minimum of 4 months to
return to impact sports.

Posterior Ankle Pain

Pain from the posterior aspect of the ankle
has been called posterior impingement or
talar compression syndrome (Brodsky and
Khalil, 1986; Hamilton, 1982, 1993; Quirk,
1982; Wredmark et al., 1991). The variety of
injuries that cause pain in this area include
fracture of the medial talar tubercle, symp-
tomatic os trigonum, tenosynovitis of the
flexor hallucis longus, posterior ankle or
subtalar joint impingement, and subtalar
tarsal coalition.

Posterior ankle pain must be distinguished
from disorders of the Achilles tendon. The
posterior ankle joint, ligaments, and flexor
tendons passing through this area are located
much deeper than the Achilles tendon,
which is superficial and easily palpable. In

Ficure 1.22. Open treatment
of an osteochondral lesion of
the medial talar dome. The
medial malleolus has been
osteotomized and reflected
distally. The cartilage over the
defect has been elevated, and
a curet is used to débride the
lesion prior to bone grafting.
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addition, most Achilles tendon conditions are
caused by dorsiflexion injuries, whereas pos-
terior ankle injuries are usually caused by
plantarflexion. Therefore a careful history
and physical examination allow the physician
to discriminate between these anatomic sites.

Anatomy

The posterior half of the talar dome slopes
inferiorly, and the underlying surface of the
posterior facet of the subtalar joint rises pos-
teriorly. There is a small nonarticular area
between these two joints from which two
bony tubercles extend. The posteromedial
tubercle is continuous with the medial talar
surface. Fibers of the deltoid ligament attach
to it. It is occasionally involved as part of a
medial subtalar coalition (Hamilton, 1993;
Paulos et al., 1983).

The posterolateral tubercle is larger and
may be prominent. Its undersurface has ar-
ticular cartilage and is in continuity with the
posterior facet of the subtalar joint. It pro-
vides an origin for most of the ligamentous
attachments on the posterior talus. The pos-
terior talofibular ligament, a strong, horizon-
tally directed band that connects to the lateral
malleolus, attaches to its superior surface.
The fibulotalocalcaneal ligament attaches to
its medial surface, and the posterior talocal-
caneal ligament attaches inferiorly (Hamil-
ton, 1993; Paulos et al., 1983).

In 3% to 13% of the population there is an
accessory bone associated with the posterola-
teral tubercle, the os trigonum (Brodsky and
Khalil, 1986; Paulos et al., 1983; Quirk, 1982).
It develops from an accessory center of ossi-
fication and appears between the ages of 8 to
10 years (Brodsky and Khalil, 1986). It may
articulate with the posterolateral process by
either a synovial joint or a fibrous synchondr-
osis. The ligamentous attachments to the
posterolateral tubercle also extend onto the
os trigonum.

The two posterior tubercles define the
sulcus for the tendon of the flexor hallucis
longus muscle. The fibroosseous canal of the
flexor tendon is directed inferiorly, medially,
and anteriorly. Its floor is covered with fibers
of the posterior talofibular ligament, and
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overlying the tendon sheath is the flexor
retinaculum.

Posterior Ankle Impingement

Posterior ankle impingement (Fig. 1.23) oc-
curs during maximum plantarflexion of the
ankle when the posterolateral tubercle of the
talus is caught between the undersurface of
the tibia above and the superior surface of the
calcaneus below (Howse, 1982). Pain is caused
by compression of the interposed capsule and
synovium of the ankle, the subtalar joints, or
both (Quirk, 1982). This condition is more
likely to appear in the presence of a trigonal
process or an os trigonum, both of which are
bulky, bony projections, although in most
cases these prominences are asymptomatic
(Hamilton, 1993). This disorder has been de-
scribed in those who undertake ballet and
theatrical dancing, soccer, and downhill run-
ning (Brodsky, 1986; Hardaker et al., 1985;
Hedrick and McBryde, 1994).

The posterior process of the talus can be
fractured during forced plantarflexion injury
by one of two mechanisms. The fracture may
be due to compression from the posterior lip
of the tibia, the posterior calcaneus, or both
(Paulos et al., 1983). This mechanism is re-
sponsible for posterior ankle soft tissue im-
pingement. The other mechanism of fracture
is an avulsion injury caused by tension
through its various ligamentous attachments
(Hamilton, 1993).

Clinical Presentation

These injuries present as either an acute event
or with gradual onset as the result of recurrent
repetitive trauma. The examination demon-
strates deep palpable tenderness in the inter-
val between the Achilles tendon and the talus.
Stressed plantarflexion is usually painful as
well (Paulos et al.,1983; Veazey et al., 1992).

Radiography

The evaluation should include routine radio-
graphs of the foot and ankle. In addition, a
lateral radiograph of the ankle in maximum
plantarflexion can indicate bony impinge-
ment posteriorly. The lateral radiograph may
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Ficure 1.23. Posterior ankle im-

pingement (A) The ankle in neu-
tral. (B) Posterior impingement
with plantarflexion. (C) Posterior
impingement with os trigonum or
fracture of the trigonal process.
(D) Ballerina’s foot en pointe.
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ment posteriorly. The lateral radiograph may
indicate an os trigonum or fracture of the
trigonal process. A fracture generally exhibits
irregular edges, whereas an os trigonum is
smooth, although this differentiation be dif-
ficult to determine on standard radiographs.
In questionable cases a bone scan can be
confirmatory of fracture (Fig. 1.24) (Paulos et
al., 1983; Veazey et al., 1992).

Nonoperative Treatment

The initial treatment of posterior soft tissue
impingement is activity limitation until

symptoms resolve. This step can be achieved
with a short-leg walking orthosis for 2 to 3
weeks if there is significant, acute pain.
NSAIDs may relieve symptoms due to acute
inflammation, and a single corticosteroid in-
jection into the posterior ankle structures
may help for resistant cases (see below).

An acute fracture of the posterior process
should be immobilized in a short-leg walking
cast for 4 weeks, followed by 2 to 4 weeks in
a removable walking orthosis. Gentle ankle
motion exercises are then started. If symp-
toms persist, immobilization is repeated for a
longer duration, or the fragment is excised.
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Ficure 1.24. Bone scan of an os
trigonum fracture.

The injection technique for posterior ankle
pain is as follows.

1. A diagnostic injection uses an equal mix-
ture of 3 ml of 1.0% lidocaine and 0.5%
bupivacaine without epinephrine. A ther-
apeutic injection is the same, but after
injection of the local anesthetic 0.5 to 1.0
ml of a steroid preparation is injected
through the same needle.

2. Thelocal anesthetic is injected through a 25
gauge 1.5 inch needle placed just posterior
to the peroneal tendons on the lateral side
of the ankle. The site of entrance is at the
level of the anterior ankle joint, which can
be readily located. The needle is directed
obliquely toward the center of the posterior
ankle. The tip is used as a probe to identify
the distal tibia, talus, and calcaneus, and
the local anesthetic is injected at about the
level of the talus.

3. If the injection is for diagnostic purposes
only, the needle is then removed, and the
patient’s response to provocative maneu-
vers of forced plantar flexion are noted
over the following 5 to 10 minutes. The
patient is asked to record his or her
response over the ensuing 3 to 4 hours.

4. If the injection is therapeutic, the needle is
left in place; and the cortisone solution in a
second syringe is injected through the
same needle.
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Operative Treatment

Surgical treatment is reserved for those ath-
letes who do not obtain adequate relief with
nonoperative means. Fracture of the poste-
rior process or a large symptomatic os
trigonum are easily excised through a poste-
rior medial approach. It is safest to approach
the posterior ankle medially because the
neurovascular bundle can be protected.
Laterally, the sural nerve is susceptible to
irritation, even when gentle retraction is
used. In cases of unrelieved soft tissue
impingement, a section of the posterior
capsule of the ankle is excised and any large
prominence of the posterior talar tubercle
removed as well. These procedures generally
allow complete return to dance and athletic
activities without further problems (Brodsky
and Khalil, 1986; Hamilton, 1993; Hardaker,
1989; Hedrick and McBryde, 1994; Howse,
1982; Paulos et al., 1983; Quirk, 1982; Veazey
et al., 1992).

Correction of Posterior Ankle Impingement
Technique

1. A general anesthetic is provided and a
thigh tourniquet applied. A bump is
placed under the opposite hip to facilitate
exposure of the medial side of the poste-
rior ankle.
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2. A longitudinal curved incision is made in
line with the flexor tendons posterior to
the medial malleolus. The flexor retina-
culum is divided in line with the incision,
and the flexor digitorum longus tendon is
identified by dorsiflexing the toes. The
dissection continues along the interval be-
tween the flexor digitorum longus tendon
and the posterior tibial artery, which is
posterior to the tendon.

3. With the neurovascular bundle gently re-
tracted posteriorly and the flexor digi-
torum longus tendon retracted anteriorly,
the underlying flexor hallucis longus
(FHL) tendon is observed intimately ap-
plied to the posterior ankle. Dorsiflexion of
the great toe helps to identify its tendon.
The tunnel through which it passes into
the foot is defined lateral to the tendon by
the trigonal process.

4. Once the trigonal process or os trigonum
has been identified, it is removed by sharp
dissection, being careful to cut against the
bone and not injure the FHL tendon. A
small rongeur can smooth the remaining
bone if there is a fractured process.

5. If the cause of pain is believed to be soft
tissue impingement, the posterior ankle
and subtalar joint caspules should be
opened and a segment of posterior capsule
removed from each.

6. The wound is closed in layers with repair
of the flexor retinaculum using interrupted
2-0 absorbable sutures. After closing the
skin, a posterior splint is applied to the leg
and foot.

Postoperative Management. The patient is kept
non-weight-bearing on crutches for 10 to 14
days. The skin sutures are then removed,
and weight-bearing is allowed to progress as
tolerated. Range of motion exercises are
started as soon as possible. Formal therapy
for resistive exercises and proprioceptive
training are begun at 4 to 6 weeks. Activities
are then allowed as tolerated.

Tibiotalar Spurs

Often the result of cumulative microtrauma,
bone spurs involving the ankle can produce
pain and limitation of motion with sport.
When these degenerative exostoses affect
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only a small area of the joint (e.g., the ante-
rior margin), excision by open or arthroscopic
surgery is usually curative in the symptom-
atic athlete.

Mechanism of Injury

Spurs are multifactorial in origin. Avulsion of
ligaments leads to ossicles, which usually are
found adjacent to the lateral and medial mal-
leoli. Anterior marginal spurs (Fig. 1.25),
although occasionally caused by an acute im-
pact leading to later spur formation, are usu-
ally the result of repetitive dorsiflexion
stresses associated with sports (O'Donoghue,
1957). Athletes participating in basketball,
soccer, and dancing are particularly prone to
develop these changes (Kleiger, 1988; O'Do-
noghue, 1957).

Clinical Presentation

Many anterior tibiotalar spurs are asympto-
matic or minimally symptomatic. In some
patients, however, mechanical impingement
occurs as the tibia rolls forward over the
talus, causing pain and weakness during
push-off, thereby limiting activity (O'Donog-
hue, 1957). Physical findings include local-
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Ficure 1.25. Anterior ankle impingement from a
distal tibial spur.
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Ficure 1.26. Anterior tibiotal-
ar spur with fragmentation.

ized anterior joint tenderness, palpable
osteophyte formation, and occasionally syno-
vial thickening and limited dorsiflexion.

Patients with medial or lateral ossicles may
complain of pain about the affected malleolus
associated with localized tenderness. Espe-
cially with lateral ossicles, examination
should document any associated lateral insta-
bility. If the ossicles are intraarticular, there
may be complaints of locking or a sensation
of a “joint mouse.”

Radiography

Routine radiography is usually sufficient to
diagnose the presence of osteophytes along
the anterior tibiotalar joint and plan any
resection (Fig. 1.26). However, it may be

Ficure 1.27. Arthroscopic view
after excision of an anterior tibial
spur.
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difficult to determine from these studies if the
medial and lateral ossicles are extraarticular
or intraarticular. Arthrography, MRI, or ar-
throscopy may be needed in these cases.

Treatment

Many symptomatic patients respond to non-
operative measures, such as antiinflamma-
tory agents and shoe modification, including
heel elevation for anterior tibiotalar spurs. If
symptoms persist, the lesion is surgically
exicised. Arthroscopic or open treatment of
tibiotalar spurs involves resection primarily
of the anterior tibial lip to allow improved
talar excursion with full dorsiflexion, which is
confirmed at surgery (Fig. 1.27). Large spurs
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on the talar neck should also be removed, but
small lesions can be left alone, provided
adequate clearance on the tibia has been
obtained. Medial and lateral ossicles entan-
gled in the collateral ligaments are often more
easily removed by a small incision than by
arthroscopic techniques.

Postoperative Management

The ankle and foot are immobilized briefly in
a well-padded posterior or U-splint until the
wounds are healed at 1 week. Therapeutic
ankle motion, active and passive, is then
undertaken in conjunction with modalities to
minimize swelling and pain. Stationary cy-
cling and swimming are encouraged to max-
imize recovery as soon as the wounds are
healed. Strengthening programs are started
once motion is regained. Most athletes return
to sports by 2 months.
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2
Hindfoot

Heel Pain

The heel refers to the calcaneus and the
tissues that attach to and surround it. There
are a variety of acute and chronic conditions
and injuries in this anatomic region that
commonly occur in athletes and have the
potential to impair performance. These enti-
ties can usually be diagnosed by a direct
history combined with careful examination.
Knowledge of the anatomy of the heel and
the pathologies usually involved, together
with the history, guide the physical examina-
tion. For the purposes of diagnosis and treat-
ment, it is useful to classify heel pain anatom-
ically into posterior and subcalcaneal heel
pain.

Anatomy

The calcaneus is irregularly shaped with thin
cortical walls and an inner structure of can-
cellous bone arranged along lines of compres-
sion and tensile stress. The posterior half of
the calcaneus is extraarticular, and the antero-
superior half articulates with the talus. The
anterior portion has an articulation with the
cuboid.

The posterior tuberosity of the calcaneus
has a narrow apex and broad base (Sarrafian,
1983). At the junction between the posterior
and superior surfaces is a variably shaped
prominence, the superior calcaneal promi-
nence (Angermann, 1990; Fiamengo et al.,
1982; Jahss and Koy, 1983; Stephens, 1994).

Inferior to this point, at about the midpoint of
the tuberosity’s posterior surface, is the at-
tachment of the Achilles tendon. The tendon
has a broad insertion with bands attaching
across the width of the bone. The retrocalca-
neal bursa is a horseshoe-shaped synovial sac
that rests between the Achilles tendon and
the superior half of the posterior tuberosity,
acting to protect the tendon from frictional
shearing against the bone (Frey et al., 1992).
The deep surface of the bursa is a fibrocarti-
laginous layer on the posterior calcaneal wall.
The superficial surface is contiguous with the
Achilles epitenon.

The Achilles tendon anchors the gastrocne-
mius and soleus muscles to the calcaneus
(Allenmark, 1992; Clain and Baxter, 1992;
Clancy et al., 1976). This large tendon has a
surrounding peritenon but no true synovial
sheath (Krist et al.,, 1987). Between the
tendon and skin is a superficial adventitial
bursa that can form in response to local
irritation (Clain and Baxter, 1992; Smart et
al., 1980).

The inferior surface contains the medial
calcaneal tuberosity, from which originates
the abductor hallucis and flexor digitorum
brevis muscles and the plantar fascia (Karr,
1994; Sarrafian, 1983; Warren, 1990). An an-
terior projection of bone, a so-called heel
spur, can occur in the origin of the flexor
digitorum brevis muscle (Forman & Green,
1990). More laterally, at the junction of the
inferior and lateral calcaneal surfaces, is the
much smaller lateral tuberosity, from which
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originates the aductor digiti quinti muscle
(Sohepsis et al., 1991).

The plantar aponeurosis, or plantar fascia,
arises from the superficial portion of the
medial calcaneal tuberosity. It is a thick struc-
ture at its origin, gradually thinning as it
passes distally along the subcutaneous
border of the foot (Kwong et al., 1988). It
inserts into the proximal phalanges of the
lesser toes, the sesamoids of the great toe
metatarsophalangeal (MTP), and the skin of
the ball of the foot (Kitaoka et al., 1994).

The posterior tibial nerve branches at the
level of the medial malleolus to form the
medial and lateral plantar nerves and the
medial calcaneal nerve. The calcaneal branch
passes posteriorly and inferiorly, becoming
superficial and providing innervation for the
skin of the heel.

The medial and lateral plantar nerves
course deep to the abductor hallucis muscle.
The first branch of the lateral plantar nerve
runs from medial to lateral just distal to the
medial calcaneal tuberosity, passing between
the abductor hallucis and the deeper qua-
dratus plantae (Baxter and Thigpen, 1984;
Henricson and Westlin, 1984). It provides
motor fibers to the abductor digiti quinti and
sensory innervation for the plantar fascia and
calcaneal periosteum (Schon et al., 1993).

The heel pad is unique in its shock-
absorbing function. It is composed of dense
strands of elastic fibrous tissue that form
septa shaped like cones and circles (Jahss et
al., 1992; Miller, 1982). These septa enclose
closely packed fat cells and and provide a
cushion to absorb the force of heel strike. The
heel pad may become less elastic in patients
with chronic heel pain (Prichasuk, 1994). The
plantar skin also has a high resistance to
abrasion (Robbins, 1994).

Posterior Heel Pain

The multiple causes of posterior heel pain can
be separated anatomically into pain that oc-
curs along the Achilles tendon, in the interval
between the calcaneus and the Achilles ten-
don, and pain at the level of the Achilles
insertion.
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Achilles tendonitis can be caused by de-
generation within the substance of the
tendon due to inflammation of the paratenon
or by calcareous deposits in the substance of
the tendon (elen et al., 1989). Palpation be-
tween the calcaneus and the Achilles tendon
elicits pain due to retrocalcaneal bursitis.
Tenderness along one of the ridges of the
tuberosity medially or laterally, or directly
posterior at the level of the tendon insertion,
is an insertional tendonitis. Haglund syn-
drome is a combination of insertional tendo-
nitis, a large superior calcaneal tuberosity,
and retrocalcaneal and superficial adventitial
bursitis. Sever’s syndrome is the usual cause
of heel pain in children and adolescents.

Insertional Tendonitis of Achilles Tendon
and Haglund Syndrome

Athletes with insertional tendonitis have a
presentation similar to that of patients with
retrocalcaneal bursitis and Haglunds syn-
drome. If fact, it may be difficult to differen-
tiate between these problems. Fortunately,
the nonoperative and operative treatments of
these conditions are similar. Athletes with
insertional tendonitis have pain at the mid-
point of the posterior tuberosity where the
tendon inserts.

Injury is caused by strain on the tendon’s
insertion that results in degeneration and
scarring of the normal fibrous tissue in the
tendon and the paratenon. There may be
thickening of the tendon, posterior heel, or
the ridges on either side. There also may be
changes in the bone, including cyst formation
and heterotopic ossification.

Pain in the heel, an enlarged superior
prominence of the calcaneal tuberosity, and
swelling with a soft tissue prominence poste-
riorly comprise Haglund syndrome. The in-
terposed retrocalcaneal bursa protects the
Achilles tendon from frictional attrition by
the superior calcaneal tuberosity during dor-
siflexion. When this bony prominence is en-
larged or when the shoe rubs against the
heel, the bursa can become irritated and lead
to retrocalcaneal bursitis (Angermann, 1990;
Stephens, 1994).
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Further irritation causes changes in the
tissue surrounding the Achilles tendon,
leading to adventitial bursitis and more soft
tissue swelling and thickening. The resulting
posterior prominence of the heel is due to the
soft tissue swelling associated with the ad-
ventitial bursitis and a bony prominence from
the superior angle of the calcaneus that
presses posteriorly. This prominence is
termed a pump bump because the counter of
the shoe is a factor in its development (Clain
and Baxter, 1992; Stephens, 1994).

Physical Examination

Athletes with insertional tendonitis usually
have a normal appearing heel, whereas those
with Haglund syndrome have an obvious
posterior prominence. The prominence may
appear larger along one side, or it may be
symmetric. The bump is usually tender, and
the overlying skin may be erythematous be-
cause of the rubbing against the counter of
the shoe. With Haglund syndrome, palpation
of the Achilles insertion or the retrocalcaneal
bursa reveals tenderness.

Radiography

The lateral radiograph shows the posterior
calcaneal prominence to be a combination of
bone and a soft tissue shadow (Fig. 2.1).

Ficure 2.1. Haglund’s defor-
mity, retrocalcaneal bursitis,
and calcific tendinitis of the
Achilles tendon. (See Fig.
2.5.)
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Often the soft tissue component is larger than
expected from physical examination results.
Attempts to quantitate the severity of the
prominence of the superior calcaneal tuber-
osity include determination of the posterior
calcaneal angle and the parallel pitch lines
(Heneghan and Parlor, 1983).

The posterior calcaneal angle is measured
by drawing a line along the inferior surface of
the calcaneus defined by the medial calcaneal
tubercle and the inferior margin of the calca-
neocuboid articulation. A second line is
drawn along the posterior surface of the
calcaneus defined by the tuberosity for the
Achilles tendon attachment at the midpoint
of the bone and the upper point of the
superior tubercle. The angle between these
lines is the posterior calcaneal angle. If the
angle is more than 75 degrees, it is consid-
ered to be pathologic (Fowler and Philip,
1945).

Another radiographic measurement is the
parallel pitch. To construct this, a reference
line is drawn along the inferior margin of the
calcaneus as for the posterior calcaneal angle.
A second line, drawn parallel to this line,
passes through the most superior point of the
posterior facet. If the superior prominence of
the tuberosity lies above this second line, it is
considered to be enlarged (Pavlov et al.,
1962).
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Nonoperative Treatment

The initial treatment of insertional Achilles
tendonitis and Haglund syndrome are the
same as for proximal Achilles tendonitis. It
consists in activity restriction, oral antiinflam-
matory medication, heel lifts, and a gradual
rehabilitation program of stretching and
strengthening exercises. The pump bump is
treated by modifying shoewear to relieve
pressure on the prominence. Recreational
shoes whose counter does not contact the
pump bump should be worn. If the athletic
shoe or boot can be similarly altered, it may
be the only treatment required. It is some-
times possible to punch out areas of pressure
(e.g., in a ski boot). Foam pads that ring the
prominence may also alleviate pressure.

Operative Treatment

The surgical treatments for insertional tendo-
nitis, retrocalcaneal bursitis, and Haglund
syndrome are essentially the same. When
treating these conditions, the retrocalcaneal
bursa is excised and the superior prominence
of the tuberosity removed, decompressing
the area deep to the distal Achilles tendon
(Fig. 2.2). (Sili, 1994) It is also important to
remove any painful heterotopic ossification

Ficure 2.2. Haglund’s deformity and retrocalcaneal
bursitis. (A) Achilles tendon insertion into the
calcaneus with the retrocalcaneal bursa between
the tendon and the superior calcaneal tuberosity.
(B) Segment of the superior calcaneal tuberosity to
be removed (cross-hatching). (C) After excision of
the segment of superior calcaneal tuberosity and
retrocalcaneal bursa.
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and the bony ridge on the end of the calca-
neus if it has been identified as painful
(Angermann, 1990; Stephens, 1994).

Most athletes can identify one side or the
other as the site of greater pain. This point is
important to determine because it has impli-
cations about the surgical approach. Because
the leg rotates externally the lateral side is
accessible with the patient prone, but the
medial side is obscured. Athletes whose
symptoms are predominant on the lateral
side or directly posterior and those who have
bilateral involvement should be treated in the
prone position. If the pain is mostly postero-
medial, the supine position is used with a
bump placed under the opposite hip.

Surgical Decompression
Technique

1. Appropriate anesthesia and a thigh tourni-
quet are used. The patient is positioned
according to the guidelines mentioned
above. A 5 cm longitudinal incision is
made along the side of the Achilles tendon
from the level of the inferior border of the
calcaneus proximally.

2. In the proximal wound, the fat pad is
separated from the Achilles tendon. This
interval is followed distally until the retro-
calcaneal bursa is entered. The incision
continues inferiorly through the bursa,
just in front of the tendon, until the level of
its insertion is reached (Fig. 2.3).

3. The scalpel is used to slightly elevate the
fibers of insertion and calcaneal pe-
riosteum where they merge on the edge of
the calcaneus. Subperiosteal elevation re-
veals the underlying bone for a short dis-
tance (3-5 mm).

4. The superior prominence of the tuberosity
is generously removed with an osteotome
(Figs. 2.4, 2.5), being careful to not plunge
through the skin on the opposite side. The
osteotome and rongeurs contour the bone
so no sharp edges remain.

5. The retrocalcaneal bursa is removed using
a rongeur and scalpel.

6. Any preoperative tenderness along the
prominence of the exposed edge of the
calcaneus is an indication for its removal.
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Ficure 2.3. Haglund’s deformity and retrocalcaneal
bursitis. An incision is made along the lateral edge
of the heel parallel to the Achilles tendon. The
tendon is shown inserting into the calcaneal tuber-
osity with the retrocalcaneal space displayed.

Ficure 2.5. Haglund’s defor-
mity and retrocalcaneal bur-
sitis. The superior calcaneal
tuberosity and calcified seg-
ment of Achilles tendon have
been excised. (See Fig. 2.1.)

37

Ficure 2.4 Haglund’s deformity and retrocalcaneal
bursitis. The superior segment of the posterior
calcaneal tuberosity has been excised, leaving a
surface of cancellous bone exposed. The Achilles
tendon is seen posterior to this point.
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The periosteum and Achilles tendon,
which had been elevated, are preserved to
be used for closing over this wound when
the operationis completed. If there is ten-
derness on both sides, the opposite edge
can often be satisfactorily taken down
through the same incision. An alternative
is to roll the table back and make a second
incision along the opposite side of the
Achilles tendon. This maneuver risks de-
vascularizing the enclosed segment of the
distal skin, but in practice it is not a prob-
lem, provided the incisions are made an-
terior to the tendon on both sides, leaving
an adequate bridge of skin.

7. Finally, if there is heteotopic ossification
within the distal tendon or at the site of
insertion, it is removed. Removal is done
from the deep side of the tendon, with a
small retractor aiding in visualization. A
longitudinal incision is made in the ten-
don, and the extra bone is excised or
removed with a rongeur, care being taken
not to disrupt fibers of the Achilles tendon.

8. During closure it is important to repair the
elevated calcaneal periosteum to the edge
of the Achilles tendon with interrupted
stitches of 0 absorbable suture. The subcu-
taneous and skin layers are then closed in
layers, and a short leg cast is applied.

Postoperative Management. The patient is
kept non-weight-bearing for 10 to 14 days, at
which time the skin sutures are removed. If
disruption of the Achilles attachment was
deemed to be small and the repair of the
periosteum to the edge of the tendon satis-
factory, the patient is allowed to begin partial
weight-bearing in a regular shoe. Walking in
a regular shoe is the extent of activity until 8
weeks after surgery, at which time all activi-
ties are allowed to tolerance.

If the Achilles attachment was significantly
elevated to remove heterotopic calcification
or to expose the posterior calcaneal edges, a
short-leg walking cast is used until 6 weeks
after surgery. Physical therapy and unre-
stricted weight-bearing are then started, and
10 weeks after surgery full return to athletic
activities is allowed.

2. Hindfoot

Sever’s Syndrome (Calcaneal
Apophysitis)

Sever’s syndrome is the most common cause
of heel pain in children and adolescents (Mi-
cheli and Ireland, 1987). It is an overuse
injury of the calcaneal apophysis often seen
in adolescent athletes. It is similar to, and
may coexist with, Osgood-Schlatter syn-
drome.

Clinical Presentation

According to a review by Micheli and Ireland
(1987), the average age of presentation for
boys and girls with Sever’s syndrome is ap-
proximately 11 years. The children experi-
enced pain with a variety of athletic activities,
and more than half were unable to participate
because of pain (Micheli and Ireland, 1987).

Patients have tenderness to compression of
the tuberosity of the calcaneus (Gregg and
Das, 1982; Griffin, 1994). They may also have
tightness of the heel cord, or Achilles tendon
(Micheli and Ireland, 1987).

Radiography

The calcaneal apophysis is a secondary ossi-
fication center that appears at age 9 years and
completely fuses by age 16 years (Micheli and
Ireland, 1987). The radiographic appearance
of the apophysis in normal individuals shows
irregularities and sclerosis, and there is no
difference in patients with Sever syndrome
(Gregg and Das, 1982).

Treatment

The goal of treatment is to put the heel at
rest, which is accomplished by restricting
athletic activities for 2 to 4 weeks along with
use of a heel lift. If symptoms persist, use of
a walking cast may provide relief. Stretching
exercises aimed at heel cord tightness are
instituted (Griffin, 1994; Micheli and Ireland,
1987). There is no need for oral antiinflamma-
tory medication or steroid injection. Micheli
and Ireland (1987) found complete resolution
with nonoperative treatment by an average of
2 months.
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Subcalcaneal Heel Pain

Plantar heel pain is one of the most common
problems encountered by foot specialists. Al-
though the etiology of the pain is poorly
understood, treatment is usually successful.
The most common pattern is associated with
maximal tenderness at the anteromedial side
of the heel pad, defined as plantar fasciitis.
Much less common is pain due to a calcaneal
stress fracture or that secondary to poor pad-
ding in the soft tissue of the heel.

Plantar Fasciitis

Plantar fasciitis is thought to be caused by a
traction injury at the origin of the plantar
fascia on the medial calcaneal tubercle. It
rarely occurs with an acute, identifiable in-
jury but usually develops insidiously. With
continued activity, chronic inflammation and
symptoms develop.

Plantar fasciitis is the most common cause
of heel pain, and heel pain is the most com-
mon problem seen in foot clinics (Davis et al.,
1994). This problem is well recognized in run-
ners and dancers and has been reported in a
wide variety of athletes who are involved in
running activities (Henricson and Westlin,
1984; Kwong et al., 1988; Leach et al., 1984).

Etiology

Excessive stress causes microtears in the
fascia at the fascia-bone interface that coa-
lesce with continued loading, forming a
symptomatic mass (Chandler and Kibler,
1993). Support for this theory comes from
surgical pathologic specimens that have iden-
tified mucoid degeneration, inflammation,
and chronic granulomatous tissue in the
plantar fascia (Leach et al., 1983; Leach et al.,
1986; Snider et al., 1983).

Neuritis has also been proposed as a cause
of this pain. The medial calcaneal nerve has
been implicated, as has the first branch of the
lateral plantar nerve, the nerve to the ab-
ductor digiti quinti (Baxter and Thigpen,1984;
Schon et al., 1993). It is possible that the
neuritis is a secondary phenomenon, with
inflammation developing from positioning
adjacent to the plantar fascia origin.

39

The role of the plantar traction spur at the
medial calcaneal tubercle is unclear (Schepsis
etal., 1991). This spur lies deep to the plantar
fascia at the level of the origin of the flexor
digitorum brevis. The lay population and
many physicians refer to plantar fascia pain
as “heel spur” pain, believing the spur to be
the cause of the pain. Certainly, many ath-
letes describe a sensation of “walking on a
sharp piece of bone sticking into the heel.”
There may be a higher incidence of radio-
graphically evident heel spurs in patients
with plantar fasciitis than in the general
population (Tanz, 1963). However, a signifi-
cant number of patients with pain have no
evidence of a heel spur (Davis et al.,
1994; Kwong et al., 1988; Rubin and Witten,
1963).

Clinical Presentation

The clinical description of pain is generally
characteristic. Most athletes note the gradual
onset of pain in the heel that originally is
associated with activity and relieved by rest.
As the problem progresses, the pain is worse
with the first few steps each morning or
when arising from prolonged sitting. It may
then improve only to return later in the day.
Finally, running and jumping are affected,
limiting performance, with pain becoming
nearly constant. Often athletes have had the
pain for many months before seeking medical
attention.

Examination

The characteristic finding is tenderness at the
anteromedial border of the heel pad. The
distal plantar fascia may also be tender and
should be evaluated for defects or nodules.
Tenderness along the medial or lateral walls
of the calcaneus is potentially pain due to a
stress fracture; posterior tenderness suggests
Achilles tendonitis. The posterior tibial nerve
is percussed to exclude tarsal tunnel syn-
drome as a cause of the pain.

Radiography

The lateral radiograph of the foot may reveal
a plantar traction spur, which is of question-
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able importance (Davis et al., 1994; Rubin
and Witen, 1993; Schepsis et al., 1991; Wil-
liams, 1987). Spurs are found frequently in
the general population, occurring in asymp-
tomatic people, and increasing with age, they
may have no direct relation to heel pain (Wall
et al., 1993).

In cases of diagnostic uncertainty, a tech-
netium bone scan may be helpful. Early
blood pool images correlate with active in-
flammation and may identify plantar fasciitis,
differentiating it from a calcaneal stress frac-
ture (Vasavada, et al., 1984). The delayed
images may show tracer uptake along the
inferior border of the calcaneus, indicating
either periostitis or an inflammatory abnor-
mality in the area (Sewell et al., 1980). In one
study, delayed images were positive in about
60% of patients with plantar fasciitis with no
false positive results (Williams et al., 1987).

Ultrasonography has been reported to
identify thickening in the plantar fascia of
patients with a known clinical diagnosis
(Wall et al., 1993). It identifies areas of focal
and diffuse hypoechogenicity, which reflect
inflammation. Similar findings of plantar
fascia thickening and increased intrasubst-
ance signal intensity, consistent with inflam-
mation, have been seen with magnetic reso-
nance imaging (MRI) (Berkowitz et al., 1991).

Nonoperative Treatment

For most patients nonoperative treatment is
satisfactory (Wolgin et al., 1994). Most
studies indicate that 5% of patients, however,
ultimately require surgery (Bordelon, 1993;
McBryde, 1984).

Three treatment modalities form the basis
of the initial treatment: an oral nonsteroidal
antiinflammatory drug (NSAID), steroid in-
jection, and taping of the arch. If the athlete
has an early or mild case or is in the middle of
the athletic season and cannot take time off,
injection and taping can be deferred. In this
case, a course of antiinflammatory medica-
tion is given along with a soft viscoelastic
heel pad placed in the shoe to improve cush-
ioning. Each day after athletic activity the
heel and arch are treated with ice massage for
20 to 30 minutes.

2. Hindfoot

If the athlete has significant symptoms and
the training program allows it, the three
modalities are used simultaneously. Steroid
injection and arch taping are performed ini-
tially with an oral NSAID prescribed for 10 to
14 days. The tape is left in place for 7 days.
The athlete is instructed to eliminate all but
essential activities for 10 days. Most patients
have significant improvement or complete
relief by the time the tape is removed. If
symptoms persist, the NSAID is continued
for 1 month, at which point a second corti-
sone injection is administered.

A number of other nonoperative modalities
have been recommended for the treatment of
plantar fasciitis. Hard functional orthotics are
sometimes prescribed but often are uncom-
fortable at the site of tenderness. A longitu-
dinal arch support with medial posting may
be helpful in the patient with significant
pronation posture, which can increase stress
on the plantar fascia.

Stretching exercises for the Achilles tendon
and bent-knee stretches for the plantar fascia
are helpful. Ultrasound and iontophoresis
are sometimes prescribed. Dorsiflexion night
splints have been shown to be an effective
treatment if worn regularly for 3 to 4 months
(Wapner and Sharkey, 1991). Night splints
appear to work by keeping the plantar fascia
on stretch, preventing the nocturnal contrac-
ture that is responsible for pain on arising in
the morning. For severe symptoms a short-
leg cast for 3 to 4 weeks may be attempted.

Steroid Injection and Arch Taping

1. A 5 ml syringe is filled with a mixture of
1% lidocaine and 0.5% bupivacaine (Mar-
caine), each without epinephrine. A 3 ml
syringe is filled with 1 ml of triamcinolone
(Kenalog) 40 mg/ml. A 25 gauge 1.5 inch
needle is attached to the larger syringe.

2. The patient is supine on the examining
table. The site of maximum tenderness is
located at the anteromedial border of the
heel pad. After preparing the skin with
antiseptic solution, the skin is treated
with a spray of ethyl chloride for 3 to 5
seconds for anesthesia.

3. The needle of the local anesthetic syringe
is inserted through the skin at this point
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Ficure 2.6. Origin of plantar
fascia. (A) The plantar fascia
originates from the medial calca-
neal tuberosity, just superficial
to a traction spur, if present.
(B) Site of surgical division of
the plantar fascia for treating
chronic plantar fasciitis.
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(Fig. 2.6). As the needle is advanced, the
local anesthetic is slowly injected. Con-
tinuing deeper, the thick plantar fascia is
encountered as slight resistance, and the
needle is passed through it.

4. First, a small amount of the local anes-
thetic is injected deep to the fascia (ap-
proximately 0.5 ml) (Fig. 2.7). The needle
is slowly withdrawn until it is just super-
ficial to the fascia, and a similar small
amount of local anesthetic is injected. The
angle of the syringe is then changed so the
needle is directed slightly more laterally,
and again it is advanced through the fas-
cia. Another small amount of local is de-
posited in this location, the needle with-
drawn until it is again superficial to the
fascia more laterally, and another injec-
tion is given. This step is repeated three or
four times, spreading the local anesthetic

along the width of the plantar fascia both
deep and superficial to it. A small amount
of the anesthetic (0.5-1.0 ml) should be
left in the syringe.

. The needle is left in place, with care

taken so that it is either deep or superfi-
cial to, but not within, the fascia. This
syringe is then removed from the needle,
and the smaller syringe containing the
cortisone is attached.

. The movement of the needle is repeated

so the steroid is spread into the same
areas into which the anesthetic had been
injected (Fig. 2.7). Only 0.1 to 0.2 ml of
steroid is injected at each point. It is
important not to inject steroid into the sub-
stance of the plantar fascia, as it can cause
necrosis and lead to rupture.

. The small syringe is then removed, again

leaving the needle in place. The larger



Ficure 2.7. Steroid injection for plantar fasciitis.
The injection is given at the anteromedial border of
the heel pad. The needle is passed several times,
changing its angle to spread the steroid along the
width of the fascia. Injection is deep and superficial
to the fascia but not into the substance of the fascia.

syringe is replaced on the needle, and as
the needle is withdrawn through the skin
the remaining local anesthetic is injected.
This step ensures that no steroid is inad-
vertently deposited in the subcutaneous
fat or the skin, where it could induce fat
necrosis, skin dimpling, or depigmenta-
tion. The area of the injection is then
massaged for 20 to 30 seconds to spread
the injected medication around.

8. Arch taping is then performed. Tincture
of benzoin is applied as a liquid or spray
to the ball of the foot, the arch, and
behind the heel. This substance protects
the skin and helps the tape to stick. Three
strips of 1 inch adhesive tape are placed
transversely across the ball of the foot to
act as an anchoring base.

9. A 12 inch long piece of tape is placed
against the back of the heel at the level of
the Achilles insertion. One length of this
tape runs along the medial side of the
heel, under the arch, and onto the lateral
side of the tape on the ball of the foot.
The other length of this tape runs over
the lateral side of the heel, crossing over
its other end in the arch and attaching to
the medial side of the transverse tape on
the ball of the foot. This taping is re-
peated with another strand of tape.

10. Three more transverse strands of tape are
placed across the ball of the foot, locking
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the two long loops on both sides between
the two layers and anchoring them to
the forefoot. The tape is covered with a
layer of Coban, which helps prevent
unraveling.

Operative Treatment

For those athletes who have failed an ade-
quate course of nonoperative treatment, sur-
gery is considered. Spontaneous rupture of
the plantar fascia in patients with proceeding
symptoms of plantar fasciitis has been shown
to cure the symptoms after 4 weeks. (Ahl-
strom et al., 1988; Herrick and Herrick, 1983).
Lutter (1986) recommended that surgery be
deferred until at least 12 months from the
start of treatment. Other reports suggest that
athletes who have persistent pain after 5 to 7
months can be treated operatively (Leach et
al., 1986; Snider et al., 1983). The surgical
procedures involve dividing all or part of the
plantar fascia at its origin on the medial
calcaneal tubercle. Some authors remove the
bone spur, whereas others leave it. Excellent
results are obtained in 71% to 100% of oper-
ated patients (Anderson and Foster, 1989;
Kahn et al., 1985; Leach et al., 1986; Lester
and Buchanan, 1984; Schepsis et al., 1991;
Snider et al., 1983).

There is evidence that surgically disrupting
the plantar fascia may alter the shape of the
arch, causing it to lose height (Daly et al.,
1992). A consequence of the loss of the
plantar fascia is the development of pain on
the dorsum of the midfoot in some patients
(Sellman, 1994).

The technique of endoscopic plantar fascia
release has been championed as a minimally
invasive method for surgical treatment (Bar-
rett and Day, 1991). There have been prob-
lems reported with this procedure, however,
including division of the plantar nerves and
blood vessels.

The traditional approach for plantar fascia
release is through a medial longitudinal inci-
sion, although this approach does not allow
direct visualization of the fascia that is to
bereleased. The endoscopic technique also
provides a poor view of the structures, which
probably contributes to the complications as-



Heel Pain

sociated with this procedure. A transverse
plantar incison allows the entire width of the
plantar fascia to be seen and prevents inad-
vertent damage to the underlying muscle and
neurovascular structures (Kahn et al., 1985;
Lewis et al., 1991).

Plantar Fascia Release. The bony spur is not
removed during plantar fascia release (Fig.
2.8). The first branch of the lateral plantar
nerve is necessarily decompressed by the
release, but the nerve is not dissected free.
The entire width of the fascia is divided.

Technique

1. The procedure is performed with the pa-
tient in the prone position. A general an-
esthetic or ankle block can be used, either
being administered in the supine position
on a gurney. The patient is then rolled
onto the operating room table in the prone
position. A thigh tourniquet is used with a
general anesthetic, and an Esmarch tour-
niquet wrapped about the ankle is used
with an ankle block.

2. A 5 cm transverse incision is made on the
plantar aspect of the foot at the anterior
edge of the heel pad, so it is located away
from the weight-bearing area. The thick
layer of fat is divided with the scalpel in
line with the incision. A small Weitlaner
retractor can be inserted to help with
visualization.

3. The plantar fascia is just below the fat, and
the fat is swept anteriorly and posteriorly
off the fascia so it is visualized across the
entire width of the foot (Fig. 2.8).

4. A no. 15 scalpel is used to divide the fascia
for its entire width. Care is taken to avoid
dividing the underlying muscle. The fascia
retracts 4 to 5 mm after the division (Fig.
2.9).

5. After irrigating the wound, the deep fat is
loosely approximated with interrupted
stitches of 2-0 absorbable suture. The skin
is then closed with simple interrupted
stitches of 3-0 nonabsorbable suture. Care
is taken so the layers line up properly
when closing the skin so as to minimize
the chance of a thick scar forming. A soft
dressing is applied.
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Postoperative Management. The patient is
kept non-weight-bearing, using crutches for
3 weeks. The dressing is removed after 1
week to inspect the wound. Bathing can
begin. At 3 weeks point, the skin sutures are
removed, and progressive weight-bearing is
allowed. A composite longitudinal arch sup-
port is then made using plastizote and PPT,
which the patient wears for 3 months in both
recreational and athletic shoes. Training may
resume as early as 6 weeks after surgery.

Painful Heel Pad

Pain localized in the center of the heel is much
less common than that found at the antero-
medial border of the heel pad. Central pain is
due to a lack of heel padding. Atrophy of the
heel pad may be due to repetitive trauma or
degenerative changes (Jahss et al., 1992; Karr,
1994; Prichasuk, 1994). These changes, in
turn, lead to stress on the underlying bone,
with pain due to bone contusion or periostitis.

Clinical Presentation

There may be an acute onset that follows
forceful impact on the heel, such as that
produced by striking the heel on a hard
object or falling from a height. The pain may
also develop gradually in a athlete who re-
peatedly irritates the undersurface of the heel
and whose activity level does not allow
healing to take place.

Physical examination reveals the heel pad
to be tender, but the tenderness is in the
center of the pad, in contrast to that seen
with plantar fasciitis, which is maximal at the
anteromedial edge of the heel pad. Athletes
with a stress fracture may have significant
pain and tenderness along the wall of the
calcaneus medially and laterally. Some ath-
letes have an atrophic heel pad, which can be
unilateral or bilateral. The opposite heel
should be carefully examined.

Radiography

The radiographs are characteristically unre-
markable. A technetium bone scan may show
mildly increased tracer uptake along the
plantar surface of the calcaneus, indicating
contusion or periostitis.
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Ficure 2.8. Surgical release for chronic plantar fasciitis. A transverse incision is made at the anterior edge
of the heel pad with the plantar fascia exposed (white).

Nonoperative Treatment in the shoe. Proper shoewear must be em-

phasized to prevent recurrence. The training
This lesion is essentially a padding problem, surface can be altered to a softer one, for
whether there is too little in the heel itself or instance asking runners to avoid concrete.

Ficure 2.9. After division of the plantar fascia there is slight separation.



Tarsal Coalition

Using training shoes with thicker heel pad-
ding or adding heel pads to the shoes is
usually effective and allows continued train-
ing; it can prevent recurrence in the future as
well. During the acute phase limiting or
avoiding activity is based on symptoms and
usually results in relief.

Calcaneal Stress Fracture

Stress fracture of the calcaneus is another
cause of plantar heel pain (Hullinger, 1994;
Leabhart, 1959). It may result from poor
intrinsic padding or inadequate shoe padding
combined with extensive activity. Significant
tenderness along the medial or lateral calca-
neal walls is highly suggestive.

Clinical Presentation

As with other stress fractures, there may be
an acute onset of pain or a gradual develop-
ment of symptoms. The pain initially may be
present only with high stress activities and
then progressly affect weight-bearing.

On examination, tenderness about the
plantar aspect of the heel is seen to be present
and characteristically is found along the sides
as well. Squeezing the heel can be painful if
there is a stress fracture. These fractures have
no accompanying swelling or ecchymosis, as
is seen with an acute calcaneal fracture. There
is no limitation of ankle or hindfoot motion.

Radiography

Radiographs may show a stress fracture if it
has been present for at least 2 to 3 weeks.
There is increased bone formation along a
line in the substance of the bone, but it may
not be present or may prove difficult to
discriminate from the normal lines of stress in
the bone. If there is uncertainty about the
diagnosis, a technetium bone scan can show
significantly increased isotope concentration
within the bone on delayed scanning. This
picture is distinguishable from that of pe-
riostitis, contusion, or the inflammation that
occurs with plantar fasciitis and can produce
uptake early on blood pool scans or appear
on the surface of the bone.
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Treatment

Treatment requires decreased in impact activ-
ities until symptoms have resolved. Substi-
tute activities such as swimming and bicy-
cling can be undertaken. If pain is present
with weight-bearing, crutches should be
used. Four to six weeks should be sufficient
for successful treatment.

Tarsal Coalition

Tarsal coalition is a congenital problem that
does not manifest until early adolescence or
later. The coalition is a union between two
of the hindfoot bones, most commonly the
calcaneus and navicular or the talus and
calcaneus. This union may be fibrous, carti-
laginous, or bony. It is due to failure of
separation of the involved bones during de-
velopment (Elkus, 1986; Swiontkowski et al.,
1983).

In young children the coalition between
the bones is cartilaginous, which allows mo-
tion that is normal or, if restricted, is func-
tional. During adolescence the coalition be-
gins to ossify and may become a complete or
incomplete bony bridge. As ossification pro-
ceeds, motion between bones decreases and
may become entirely restricted.

When hindfoot motion is restricted, a
twisting injury whose force might otherwise
be dissipated through the several hindfoot
joints may instead concentrate its action at
the ankle, leading to an inversion sprain.
Tarsal coalition has been shown to be associ-
ated with a high incidence of ankle sprains in
adolescent athletes (Morgan and Crawford,
1986; Snyder et al., 1981).

Clinical Presentation

Adolescent atheletes present with the insid-
ious onset of hindfoot pain with or without
recurrent ankle sprains. Some complain of
stiffness in the hindfoot. The pain is usually
described as coming from the lateral side of
the hindfoot and ankle.

Not only adolescents but older athletes as
well may develop symptoms from a tarsal
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coalition. If there has been incomplete ossifi-
cation of the coalition, hindfoot motion may
be sufficiently satisfactory to allow normal
foot function into adulthood. A twisting in-
jury may then stretch, tear, or otherwise
disrupt the coalition, causing the coalition
itself to become painful. This pain is often
initially diagnosed as an ankle sprain, al-
though it is not alleviated with the usual
therapies.

All patients with tarsal coalition have the
key finding of absent or diminished subtalar
motion. The hindfoot cannot to be everted or
inverted when holding the ankle in the neu-
tral position.

Radiography

Radiographs should be obtained, including
AP, lateral, and oblique views of the foot. A
calcaneonavicular coalition can usually be
seen on the oblique view (Fig. 2.10). A talo-
calcaneal coalition usually involves the
middle facet of the subtalar joint which is
near the sustentaculum tali. This condition is
sometimes difficult to appreciate on standard
radiographic views, and Broden views or
computed tomography (CT) scanning (Fig.
2.11) of the subtalar joint is necessary (Her-
zenberg et al., 1986).

An important finding on routine radio-
graphs that should alert the observer to the
possibility of a tarsal coalition is a dorsal beak
on the neck of the talus. This beak, which
represents a talonavicular traction spur, is
indicative of increased stress at that joint. The
presence of this beak does not indicate that
arthritis or adaptive changes have occurred in
the hindfoot (O'Neill and Micheli, 1989;
Swiontkowski et al., 1983).

Nonoperative Treatment

Nonoperative treatment has limited benefit
when treating tarsal coalition in athletes
(Morgan and Crawford, 1986; O'Neill and
Micheli, 1989). An initial course of immobili-
zation in a short-leg walking cast can be tried
for 3 to 6 weeks, which allows the irritation
and inflammation to resolve and the child to
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Ficure 2.10. Calcaneonavicular tarsal coalition.
Oblique radiograph of coalition involving the cal-
caneus and navicular.

resume athletics (Elkus, 1986, Morgan and
Crawford, 1986). Should this trial be success-
ful, taping the ankle and hindfoot or the use
of an ankle brace should be encouraged if the
patient wishes to continue with sports activ-
ities. In most cases when the child attains
relief with nonoperative treatment, the
stresses of athletics eventually cause recur-
rence of symptoms (Morgan and Crawford,
1986), in which case the patient is usually not
satisfied with nonoperative treatment and so
considers surgery.

Operative Treatment
Excellent results have been obtained with

surgical excision of both calcaneonavicular
and subtalar coalitions, even in the presence
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Ficure 2.11. Subtalar tarsal coali-
tion. CT scan of tarsal coalition of
the medial subtalar joint.

of a significant talar beak (Elkus and Craw-
ford, 1986; Morgan 1986; O’'Neill and Micheli,
1989) and should be considered the treatment
of choice in the young athlete. The alternative
surgical treatment is an arthrodesis of the
hindfoot. This operation eliminates pain but
at the expense of function, however which
negatively affects athletic performance.
Should excision of the coalition not be suc-
cessful, arthrodesis can be subsequently
performed.

Subtalar coalitions involve the middle facet
and arise just above the sustentaculum tali.
They are approached through a medial hind-
foot incision. Calcaneonavicular coalitions
occur in the anterior part of the sinus tarsi
and are approached laterally.

Excision of Subtalar Coalition (Medial)
Technique

1. Under tourniquet control, a 5 cm oblique
incision is made, centered over the pal-
pable sustentaculum tali inferior to the
medial malleolus. The incision runs par-
allel to the line of the flexor tendons un-
derneath the malleolus.

2. The tendon sheath of the flexor digitorum
longus is opened the extent of the skin
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incision. The tendon is retracted inferiorly,
protecting the neurovascular bundle.

. The deep border of the sheath and under-

lying periosteum are then split in the same
line and elevated superiorly and inferiorly
to expose the coalition. The anterior and
posterior extent of the coalition must be
determined and can be marked with small
needles to define the area of excision.

. A small osteotome is used to cut a trape-

zoidal segment of bone with borders 3 to 4
mm above the coalition in the talus, 3 to 4
mm below in the calcaneus, and anterior
and posterior margins at the previously
defined edges. The superior and inferior
cuts should be oriented to converge about
1 cm deep.

. After removing the block of bone, further

excision may be required to remove the
entire coalition. It is best to do it with small
increments of excision so the normal joint
is not injured.

. The joint is put through its range of motion

to verify that the excision has been ade-
quate. The bone edges are smoothed, and
bone wax is applied to them.

. The periosteum is closed with interrupted

2-0 absorbable sutures. The flexor digi-
torum longus tendon is returned to its
normal position and its sheath repaired
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with a running stitch of 0 absorbable su-
ture. After closing the skin a short-leg
splint is applied.

Postoperative Management

The patient kept non-weight-bearing, with
the splint worn for 10 to 14 days, at the end of
which time the skin sutures are removed.
The patient continues on crutches, non-
weight-bearing, for 6 weeks after the surgery.
Range of motion exercises are started when
the sutures are removed. Return to activity
usually occurs at approximately 2 to 3
months.

Excision of Calcaneonavicular
Coalition (Lateral)

Technique

1. A 5 cm incision is made, centered over the
sinus tarsi and running obliquely parallel
to a line from the anterior border of the
lateral malleolus to the tip of the fifth
metatarsal styloid.

2. The flexor digitorum brevis origin lies over
the sinus tarsi, and the muscle must be
protected when entering the sinus. Such
protection is accomplished by cutting three
sides of a square around the muscle and
reflecting it distally on the fourth side.
Each of the cut sides is about 2 cm in
length.

3. The coalition is identified, as is the calca-
neocuboid joint.

4. The normal superior extent of the calca-
neus and lateral extent of the navicular are
defined, and the abnormal bridge between
them is excised with an osteotome. The
foot is put through a range of motion, and
if any impingement remains in this area it
is removed.

5. The bone edges are then covered with
bone wax. Alternatively, the flexor digi-
torum brevis muscle can be reflected and
inserted into the space previously occu-
pied by the coalition, maintained by sev-
eral simple stitches of 2-0 absorbable
suture.

6. After closing the skin, a short-leg splint is
applied.

2. Hindfoot

Postoperative Management

The patient is kept non-weight-bearing for 6
weeks. After suture removal at 10 to 14 days,
range-of-motion exercises are started. Ac-
tivity is advanced as tolerated, after resump-
tion of weight-bearing.

Avulsion Fractures

Anterior Process of Calcaneus Fracture

Fracture of the anterior process of the calca-
neus is an avulsion injury that can be con-
fused with an inversion ankle sprain (Fig.
2.12) (Gellman, 1954).

Anatomy

The anterior process of the calcaneus is a
dorsal beak adjacent to the cuboid. It occu-
pies the distal surface of the calcaneus, where
it forms the superior edge of the calcaneocu-
boid joint. If prominent, it may have a small
articulation with the undersurface of the talar
neck (DeLee, 1993). The anterior process
serves as the origin of ligaments attaching to
the lateral navicular and dorsal cuboid. The
inferior portion of the extensor digitorum-

Ficure 2.12. Avulsion fracture of the anterior pro-
cess of the calcaneus.
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brevis origin also arises from the anterior
process.

Clinical Presentation

The anterior calcaneal process is fractured
when the foot is forced into plantarflexion
and inversion (Gellman, 1954). An ankle
sprain is caused by a similar mechanism. Key
to differentiating between the two injuries,
either of which can cause significant swelling
over the lateral ankle and foot, is the point
tenderness found distal to the ankle liga-
ments over the lateral side of the hindfoot.
Also, manipulation of the ankle into inver-
sion is less painful than manipulation of the
foot into inversion with the ankle stabilized.

Radiography

The fracture may be seen on the lateral view
of the ankle if there is displacement. An
oblique radiograph usually demonstrates the
fracture. A radiograph with the beam di-
rected 20 degrees superiorly and 20 degree-
sposteriorly has been described (DeLee,
1993). CT scanning can be performed if un-
certainty exists.

Nonoperative Treatment

Fractures that are minimal or nondisplaced
are best treated with immobilization in a
nonweight-bearing short-leg walking cast or
orthosis for 4 weeks. Motion exercises can be
started after 2 weeks if symptoms allow.
Protected weight-bearing is then allowed
until 6 to 8 weeks after injury; and if the
symptoms have resolved, activities can be
advanced.

Operative Treatment

If the fracture is significantly displaced but
small, it should be excised. If it is a large
fragment, open reduction and internal fixa-
tion are performed.

Open Reduction and Internal Fixation

Technique

1. Under appropriate anesthesia and tourni-
quet control, the patient is positioned su-
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pine with a bump underneath the ipsila-
teral hip to improve visualization of the
lateral side of the hindfoot.

2. A 5 cm oblique incision is made over the
sinus tarsi, extending distally to the pero-
neal tendons. Care must be taken to avoid
damage to the peroneal tendons and the
sural nerve in the distal end of the wound.

3. The inferior edge of the extensor digitorum
brevis muscle is elevated upward from the
lateral side of the anterior calcaneal pro-
cess, revealing the fracture. The fracture
surfaces are irrigated and freshened, and
the fragment is fixed into place with a
provisional 0.062 inch K-wire. Fixation is
then performed with a 4.0 mm cancellous
screw placed from the lateral superior edge
and directed posteriorly and inferiorly into
the body of the calcaneus. Intraoperative
radiographs are obtained to verify the re-
duction and screw placement.

4. After closing the wound in layers, a pos-
terior splint is applied.

Postoperative Management. The skin sutures
are removed, and a removable orthosis is
applied at 14 days. Gentle motion exercises
are allowed with weight-bearing after 4
weeks. Shoewear can be resumed after 6
weeks. Athletic activities should be deferred
until 8 weeks after surgery.

Excision of Anterior Process of
Calcaneus Fracture

Technique

1. The exposure is the same as for open
reduction and internal fixation of an ante-
rior process fracture. The fragment is
sharply dissected from its ligamentous at-
tachments. If there is a significant defect,
the ligaments can be imbricated with 0
absorbable suture.

2. After closing the wound in layers a poste-
rior splint is applied.

Postoperative Management. The skin sutures
are removed at 10 to 14 days and an orthosis
applied. Weight-bearing is allowed at this
time. Motion, however, should be deferred
until 3 to 4 weeks after the surgery. Protected
weight-bearing is continued with the orthosis
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for an additional 3 weeks, and then activities
are advanced as tolerated.

Lateral Talar Process Fracture

Fracture of the lateral process of the talus is
an avulsion injury that may be confused with
an ankle sprain.

Anatomy

The lateral process of the talus is a wedge-
shaped prominence, extending from articula-
tion for the fibula to the subtalar joint inferi-
orly (Mukerjee et al.,, 1974). Its greatest
prominence lies between these articular sur-
faces, where it provides attachments for the
anterior talofibular ligament, the lateral talo-
calcaneal ligament, and the cervical ligament.

Clinical Presentation

The injury results from a combined dorsifle-
xion and inversion mechanism that stresses
the lateral talocalcaneal and anterior talofi-
bular ligaments (DeLee, 1993; Hawkins,
1965; Mukherjee et al., 1974). As stress is
increased, the ligaments fail or avulse the
lateral process of the talus (Fig. 2.13).

The history and physical examination are
similar to that for a lateral ankle sprain in-
volving the anterior talofibular ligament.
Point tenderness is located over the ligament
and its talar attachment, and there is swelling
and ecchymosis. Stress fracture of the lateral
talar process has also been reported with the
gradual onset of lateral ankle pain during
sporting activities (Motto, 1993).

Radiography

The fracture can be seen on standard ankle
radiographs and is best visualized on the
mortise view (Fig. 2.14). If uncertainty exists,
CT scanning can be confirmatory (Fig. 2.15).

Nonoperative Treatment

Prompt recognition of the fracture allows
treatment to be most effective. Nondisplaced
fractures are treated by immobilization in a
short-leg cast for 6 weeks, with 3 weeks of

2. Hindfoot

Ficure 2.13. Avulsion fracture of the lateral process
of the talus.

nonweight-bearing followed by 3 weeks of
weight-bearing.

Operative Treatment

Displaced fractures that are of significant size
should be treated with open reduction and
internal fixation. Small, displaced fragments
and large fragments recognized later than 2
to 3 months after injury should be treated by
excision (DeLee, 1993; Hawkins, 1965; Muk-
herjee et al., 1974).

Open Reduction and Internal Fixation
Technique
1. A 5 cm longitudinal incision is made over

the anterolateral ankle, parallel to the an-
terior border of the fibula and extending 1
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Ficure 2.14. Avulsion fracture of the lateral process
of the talus.

cm below the tip of the fibula. The pero-
neal tendons are protected distally.

2. Hematoma is evacuated and the fracture
anatomically reduced. A 0.062 inch K-wire
can be used for provisional fixation. Fixa-
tion is achieved by one or more 4.0 mm
cancellous screws inserted in the nonarti-
cular prominence of the fragment, directed
obliquely upward into the body of the
talus. Intraoperative radiographs are ob-
tained to assess the screw position and the
quality of reduction (Fig. 2.16).

3. The wound is closed in layers, and a
posterior splint is applied with the ankle in
neutral.

Postoperative  Management. The splint is
changed and the skin sutures removed at 10
to 14 days. A removable orthosis is applied,
and motion exercises are allowed with pro-
tected weight-bearing after 4 weeks. After 6
weeks, shoewear can be resumed. Athletic
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Ficure 2.15. CT scan of a fracture of the lateral
process of the talus.

activities are deferred until 8 weeks after
surgery.

Excision of Lateral Talar Process Fracture
Technique

1. The procedure is the same as for open
reduction and internal fixation, except:
After exposing the fracture the fragment is
sharply dissected from its ligamentous at-
tachments. The ligaments are imbricated
over the defect with 0 absorbable suture.

2. After closure a posterior splint is applied
with the ankle in neutral.

Postoperative Management. The splint and su-
tures are removed at 10 to 14 days. An
orthosis is applied, but motion exercises are
not performed until 3 to 4 weeks after sur-
gery. Protected weight-bearing is then al-
lowed using the orthosis for an additional 3
weeks. Activities are advanced as tolerated.

Subtalar Dislocation
Most subtalar dislocations occur medially.

They are the result of an inversion force,
wherein the foot dislocates from the talus at
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2. Hindfoot

Ficure 2.16. Internal fixation of the lateral process of a talus fracture.

the talocalcaneal and talonavicular articula-
tions and is displaced medially. Lateral dislo-
cations, resulting from an eversion force, are
less common. Recognition of the character-
istic foot deformity and an AP radiograph of
the ankle confirm the diagnosis (Fig. 2.17).
Lateral and oblique radiographs are helpful

for excluding associated fractures. Skin
tenting and neurovascular compromise can
occur with this injury, making early reduc-
tion imperative. Late complications include
recurrent instability, avascular necrosis of the
talus, and degenerative arthritis of the sub-
talar joint.
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Ficure 2.17. Clinical appearance of a medial sub-
talar dislocation.

Reduction

Closed reduction is usually possible by re-
versing the injury producing force. Apply-
gentle longitudinal traction to the forefoot
with countertraction to the flexed knee and
leg; exaggerate the deformity to unlock the
dislocated bones and then apply either an
eversion moment to the forefoot for medial
dislocation or an inversion moment to the
laterally dislocated foot. Reduction may be
blocked by interlocked osteochondral frag-
ments at the talonavicular joint or button-
holing of the talus head through the extensor
tendons (medial dislocation) or interposition
of the posterior tibial tendon (lateral disloca-
tion) (Buckingham, 1975; Leitner, 1954). If
closed reduction is unsuccessful, a straight
incision over the prominent talar neck and
head, while protecting the dorsalis pedis and
deep peroneal nerve laterally, allows extrica-
tion of the structures blocking reduction.
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Postreduction Management

Use a short-leg cast and weight-bearing as
tolerated to prevent redislocation and late
instability. Casting should be continued for 3
weeks, followed by early motion exercises for
the ankle and subtalar joints (DeLee and
Curtis, 1982). Loss of subtalar motion is usual
but is not typically limiting (Monson and
Ryan, 1981). A program similar to that out-
lined for ankle fractures is utilized. Most
patients can return to activities within 10 to
12 weeks of their injury.

Fracture of Dorsal Lip of the Navicular

Fracture of the dorsal lip of the navicular is an
avulsion fracture that may be confused with
an ankle sprain or a midfoot sprain (DeLee,
1993). It should be considered when evalu-
ating presumed sprains that have not healed
with conventional treatment. An accessory
ossicle, the os talonavicularum, may be con-
fused with an avulsion fracture.

Mechanism

The convex head of the talus articulates with
the concave proximal navicular and is sup-
ported by ligaments dorsally and medially.
The injury occurs with forced plantarflexion,
usually combined with inversion. This mech-
anism may cause confusion with an inversion
ankle sprain. The dorsal ligament is stronger
than the bone that is avulsed.

Clinical Presentation

Point tenderness is maximal over the dorsal
talonavicular joint, accompanied by swelling
and ecchymosis. Careful examination of the
ankle reveals minimal or no tenderness. In-
version of the ankle with the foot stabilized is
well tolerated. Conversely, stabilizing the
ankle and plantarflexing the midfoot elicits
pain.

Radiography

The fracture can be discerned on a lateral
view of the foot or ankle if it includes the
talonavicular joint.
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Treatment

This fracture can be treated satisfactorily with
immobilization in a short-leg walking cast or
walking orthosis for 3 to 4 weeks. Surgery
can be considered if there is a residual symp-
tomatic prominence over the joint.
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3
Midfoot

Sprains

The spectrum of injury to the tarsometatarsal
joints ranges from a mild sprain to frank
dislocation. Dislocation of the tarsometatarsal
joints is recognized as a significant injury, but
lesser degrees of injury are often overlooked.
Nonetheless, these “milder” injuries are
often associated with prolonged symptoms
and disability in the athlete.

Mechanism of Injury

Most of the athletic injuries of the tarsometa-
tarsal joints are produced by indirect forces.
Typically, a twisting force applied to the
plantarflexed ankle and foot is responsible for
injury (Meyer et al., 1994; Shapiro et al.,
1994). An abduction force may be applied to
the forefoot when the athlete pivots and the
foot is fixed. A backward fall with the fore-
foot fixed, causing hyperplantarflexion of the
forefoot has been described (Curtis et al.,
1993). Less frequently, a direct blow to the
dorsum of the midfoot is responsible.

Clinical Presentation

The athlete can usually describe the mecha-
nism of the injury and reports generalized
midfoot pain or pain localized medially, lat-
erally, or centrally. With mild injury, weight-
bearing may still be possible without pain.
Physical examination is most helpful for
establishing the diagnosis (Curtis et al., 1993;
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Meyer et al.,1994; Shapiro et al., 1994). Swell-
ing, although it may be subtle, and localized
tenderness are the most frequent findings.
Pain produced with medio-lateral compres-
sion, passive supination, and pronation of
the midfoot are significant findings. Tender-
ness between the first and second metatarsals
should be specifically sought on the examina-
tion. Functional tests including and inability
to perform or the production of pain with
single leg toe raise, jumping, and pivoting
are suggestive of midfoot injury.

Radiography

Routine anteroposterior (AP) and lateral ra-
diographs of the foot are usually negative. A
weight-bearing AP view of the foot may,
however, reveal widening of the first and
second metatarsal interspace; and on occa-
sion, an avulsion fracture is noted (Figs. 3.1,
3.2). A comparison view is usually necessary.
A lateral radiograph is required to evaluate
the longitudinal arch. Collapse is determined
if the medial cuneiform is plantar to the base
of the fifth metatarsal (Faciszewski et al.,
1990). Especially with sprains that involve the
medial tarsometatarsal joints, the lateral ra-
diograph should be carefully reviewed to
determine any collapse of the longitudinal
arch (Fig. 3.3).

Treatment

Meyer et al. (1994) recognized the differ-
ences between isolated lateral tarsometatarsal
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Figure 3.1. Injury to Lisfranc’s ligament. (A)
Lisfranc’s ligament, attaching the base of the
second metatarsal to the medial cuneiform. (B)
Rupture of Lisfranc’s ligament, causing diastasis

sprains and those with medial involvement.
Lateral sprains typically resolve quickly,
whereas those with medial involvement are
more severe and lead to prolonged disability.
These authors recommended immobilization
in a short-leg cast with protected ambulation
as necessary for sprains involving the medial
tarsometatarsal joints. Many lateral sprains
were successfully treated by use of a rigid
orthosis for the foot and ankle or a splint.

Typically, injuries with medial involve-
ment require casting for up to 4 to 6 weeks.
Regardless of the type or degree of injury,
protection is necessary until repeat examina-
tion demonstrates an absence of tenderness.
Return to activity follows a functional reha-
bilitation program to restore sport specific
demands. A well molded arch support may
be useful.

Radiographic changes dictate the need for
treatment. Although slight widening of the
first and second metatarsal interspace on the
AP view has been reported to not cause
long-term disability (Faciszewski et al., 1990),
closed reduction (Fig. 3.4) and cast immobili-
zation for a minimum of 4 weeks is safest,
and operative reduction and fixation should
be undertaken if uncertainty exists. If the
lateral radiograph demonstrates collapse or
sagging of the longitudinal arch, operative

between the first and second metatarsal bases.
(C) Avulsion fracture occurs instead of ligament
rupture.

reduction and screw fixation to restore joint
congruity is indicated to prevent a poor out-
come.

Stress Fractures

Stress fractures account for nearly 5% of all
sports injuries. Running is the sport most
commonly involved, but these injuries also
occur during basketball, dancing, and other
sports that require repetitive jumping and
sprinting. In the ankle and foot of athletes
stress fractures of the fibula and distal tibia
are most frequent, although clinically signif-
icant stress fractures occur also in the mid-
foot, affecting the tarsal navicular, proximal
fifth metatarsal, and other metatarsal bases.
Stress fractures that occur about the midfoot
can be difficult to diagnose and treat, fre-
quently requiring surgical intervention in the
athlete.

Etiology

A number of factors have been implicated in
the development of stress fractures including
increases in frequency, duration, and inten-
sity of activity—collectively referred to as
“training errors.” Additional associated fac-
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Ficure 3.2. Midfoot sprain with injury to Lisfranc’s
ligament. Note the widening of the interval be-
tween the bases of the first and second metatar-
sals. The second metatarsal does not align with the
middle cuneiform.

tors are alignment of the foot and type of
shoewear. A positive correlation has been
found between pronation of the foot and
tarsal and tibial fractures as well as cavus foot
deformity and metatarsal fractures.

Pathogenesis

Stress fractures are caused by the application
of repetitive loads that exceed the ability of
the bone to remodel. Lack or loss of muscle
support, as occurs in the unconditioned or
fatigued athlete, may be an important factor
in the development of these injuries. The
response to physical loads is both osteoclastic
and osteoblastic. Li et al. (1985) have de-
scribed the histologic changes in a unique
experimental model. The initial event is vas-
cular congestion accompanied by osteoclast-

3. Midfoot

Ficure 3.3. Flattening of the midfoot after a sprain.
(A) Normal relation of the base of the medial
cuneiform and the base of the fifth metatarsal. (B)
Flattening of the midfoot causes the medial cune-
iform to lie plantar to the fifth metatarsal. (After
Faciszewski et al., 1990, with permission)

Ficure 3.4. Midfoot sprain seen in Figure 3.2 after
reduction by adduction and casting.
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mediated bone resorption in the haversian
canals and interstitial lamellae. Small cracks
appear at the cement lines of the haversian
canals and propagate into microfractures. In-
creased osteoblastic activity from the pe-
riosteum results in new bone formation.
Stress fractures develop when osteoclastic
activity exceeds the osteoblastic response.

Clinical Presentation

Infrequently symptoms develop after acute
trauma. Most often pain occurs insidiously
and increases gradually. At first, pain ap-
pears during activity and is relieved by rest.
Subsequently, the pain intensifies, pre-
venting activity, and may not be relieved by
rest. A history of a recent increase in activity
and training or a change in shoes and run-
ning surface may be noted.

Localized tenderness is characteristic; re-
ferred pain from distant percussion on the
affected bone often can be elicited. Soft tissue
swelling can be present, especially in the
forefoot. Cavus deformity and pronation of
the foot should be noted, as well as the
range of motion of the ankle and subtalar
joints.

Radiography

Diagnosis requires radiographic confirma-
tion. For as long as 3 weeks after the onset of
symptoms, however, routine radiographs
may not demonstrate any abnormality, par-
ticularly for the tibia, fibula, calcaneus, and
navicular. Usually, though, plain radio-
graphs are sufficient to diagnose stress frac-
tures of the metatarsals, including fracture of
the proximal diaphysis of the fifth metatarsal.
When routine radiographs are negative, tech-
netium 99 scintigraphy is performed. Al-
though not specific for the diagnosis, bone
scanning is an extremely sensitive test for
excluding a stress fracture (Prather et al.,
1977). Focal activity on bone scan can be
further studied with conventional tomogra-
phy, computed tomography (CT), or mag-
netic resonance imaging (MRI) if anatomic
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visualization of the fracture is important
(tarsal and metatarsal base fractures).

Treatment

Nonoperative and operative treatments are
utilized depending on the area of involve-
ment and the response to initial measures. In
general, most stress fractures respond to
avoidance of impact for 4 to 8 weeks com-
bined with a program that allows mainte-
nance of aerobic conditioning by bicycling,
swimming, or water running. Resumptjon of
impact activity is allowed in graduated
fashion following the resolution of pain. This
program effectively treats fractures of the
distal tibia and fibula, calcaneus, and mid-
shaft metatarsals.

Immobilization together with non-weight-
bearing are necessary, at least, for stress
fractures of the navicular and proximal
diaphysis of the fifth metatarsal. Operative
intervention is undertaken primarily for
proximal diaphyseal fractures of the fifth
metatarsal and for failure to heal with other
fractures. Treatment of those stress fractures
affecting the midfoot are discussed below.
Stress fractures of the sesamoids are dis-
cussed in Chapter 2.

Fracture of the Proximal Diaphysis of
the Fifth Metatarsal (Jones Fracture)

Jones fracture (Jones, 1902) may present as an
acute traumatic event as evidenced by a pop
and sharp pain, resulting in an inability to
walk without a limp; or it may appear as a
chronic condition associated with pain and
impaired performance. Diagnosis is sug-
gested by pain and tenderness localized over
the plantar-lateral aspect of the proximal
diaphysis of the fifth metatarsal.

Unlike other stress fractures, the Jones
fracture is well demonstrated by routine ra-
diographs (Fig. 3.5). In certain cases, intra-
medullary sclerosis and fracture widening are
found, suggesting a remote or chronic condi-
tion that has progressed to nonunion (Fig.
3.6).

It is important to differentiate this fracture
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Ficure 3.5. Acute Jones fracture of the fifth
metatarsal.

from avulsion of the tuberosity of the fifth
metatarsal by the action of the peroneus
brevis, which results from an inversion injury
to the ankle and foot (Fig. 3.7). Avulsion
injuries usually heal rapidly with taping or
casting and without residual sequelae. De-
layed and non-union of Jones fractures can
occur, with vascular insufficiency (Smith,
1991) an important factor.

Treatment

Four therapeutic options exist: benign ne-
glect, plaster immobilization with or without
electrical stimulation (Holmes, 1884) intrame-
dullary lag screw fixation, and inlay bone
grafting. If the injury is chronic and symp-
toms are minimal, the athlete may elect to
continue to play for the remainder of the
season, at which time surgery can be per-
formed. In the recreational athlete with an
acute injury, plaster immobilization for 6 to 8
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weeks combined with strict non-weight-
bearing can be successful. However, because
of the high success rate and minimal mor-
bidity of intramedullary screw fixation, it is
our preferred approach for managing the
acute fracture (Mindrebo et al., 1993). On rare
occasions the fracture is found to be nonuni-
ted, and curettage and bone grafting are
necessary (Torg, et al., 1984), which can be
combined with intramedullary screw fixation
if desired.

Intramedullary Screw Fixation
Technique

1. General, epidural, or regional block anes-
thesia can be used. The patient is posi-
tioned supine on a radiolucent table top
with a bump placed underneath the ipsila-
teral hip to internally rotate the lower

Ficure 3.6. Established nonunion of a fifth meta-
tarsal Jones fracture. Note fracture widening and
intramedullary sclerosis.
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Ficure 3.7. Patterns of proximal
fifth metatarsal fractures. (A) Pe-
roneus brevis and peroneus ter-
tius attachments to the base of
the fifth metatarsal. (B) Avulsion
fracture (dancer’s fracture). (C)
Jones fracture.
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extremity, facilitating access to the lateral
border of the foot.

2. Under tourniquet control a 3 cm straight
incision is made in line with the longitu-
dinal axis of the fifth metatarsal, starting at
the base of the tuberosity and extending
proximally.

3. Incise the subcutaneous tissue, protecting
any branches of the sural nerve. Dorsally,
identify the peroneus tertius and brevis
tendons as they insert on the base of the
fifth metatarsal.

4. Using image intensification, insert a 3.2
mm drill bit starting at the tip of the
tuberosity in line with the longitudinal axis
of the metatarsal. Adduction of the fore-
foot is helpful for exposing the base of the
metatarsal. A cannulated system, which
allows placement of an initial guidewire,
can be used as well.

5. Drill past the fracture to the proposed
length of the screw. Make sure that the
threads of the selected 4.5 mm malleolar
screw engage only in the canal distal to the
fracture (Fig. 3.8).

6. Do not countersink the screw head in
order to achieve maximum compression.

7. 1f the canal is large and firm purchase is Ficurs 3.8. Healed Jones fracture after intra-
not obtained with the 4.5 mm screw, re- medullary fixation with a 4.5 mm AO malleolar
drill the canal with a 4.5 mm drill bit and  screw.
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Ficure 3.9. Fixation with a 6.5 mm lag screw.

insert the appropriate length 6.5 mm can-
cellous screw (Fig. 3.9).

8. Close only the skin with interrupted mat-
tress sutures using 3-0 nylon and apply a
well padded posterior or U-splint to the
foot, ankle, and leg.

Postoperative Management. No weight-bearing
is allowed until approximately 2 weeks, at-
which time the splint and sutures are re-
moved and the patient is fitted with a CAM
walker. Progressive increase in weight-
bearing is allowed over the next 3 to 4 weeks.
At 6 weeks resistive exercises for the ankle
and foot can be started, and the patient is
allowed to ambulate in an athletic shoe.
Healing is usually apparent radiographi-
caly by 8 weeks, and return to activity occurs
by 8 to 12 weeks. Orthotics are not necessary
unless significant foot deformity is present.

Bone Grafting Alone or With Internal Fixation
Technique

1. Using an anesthetic and positioning as
described above and under tourniquet
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control, make a 5 cm straight incision
along the lateral border of the fifth meta-
tarsal, centered over the tuberosity.

2. Protect any sensory branches from the
sural nerve while developing the deeper
dissection along the inferior border of the
peroneus brevis tendon. Expose the frac-
ture site by incising the periosteum.

3. Trim sclerotic ends of the fracture with a
small rongeur and curet. Outline a rectan-
gular trough centered over the fracture,
perforating the lateral cortex cortex, and
remove this block (Figs. 3.10A,B).

4. Using a template of the trough or the
removed bone itself, harvest a corre-
sponding piece of corticocancellous bone
graft from the iliac crest or distal medial
tibia, which is 2 mm larger in all direc-
tions. Additional cancellous graft is also
harvested.

S
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Ficure 3.10. Bone grafting of a Jones fracture. (A)
Jones fracture with the segment to be excised
outlined. (B) Excision of a rectangular segment
containing the fracture. (C) Bone graft is in place
with supplemental screw fixation.
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5. The cancellous graft is placed in the
fracture site, and the corticocancellous
block that has been fashioned is press-fit
into the trough spanning the fracture (Fig.
3.11).

6. At this point, the wound can be closed; or,
if desired, supplemental intramedullary
screw fixation can be performed to achieve
a “belt and suspenders” construct (Fig.
3.10C). In either instance, close the wound
as described above.

Postoperative Management. Because this proce-
dure is used more often for established non-
unions, healing is slower than for acute frac-
tures without sclerosis. Protected weight-
bearing and immobilization are used for 6 to
8 weeks. Return to sports activity usually
requires 12 to 14 weeks.

Open Reduction of Intraarticular
Fifth Metatarsal Base Fracture
(Dancer’s Fracture)

On occasion, an avulsion fracture of the fifth
metatarsal tuberosity remains symptomatic
despite nonoperative treatment. In such
cases, fixation or excision is necessary.

Technique

1. With anesthesia and positioning similar to
that described above, a 3 cm incision is
made along the superior edge of the pero-
neus brevis tendon, centered over the
dorsal aspect of the tuberosity. The sural
nerve must be identified and protected.

2. The cuboid-metatarsal joint is entered dor-
sally and the fracture inspected. After irri-
gation to remove fracture fragments from
the joint, the fracture is reduced, restoring
joint congruity. Temporary fixation is
performed with one or more 0.062 inch
K-wires.

3. In most instances fixation is achieved with
a small fragment cancellous screw. If not,
the K-wires are left in place, and the
wound is closed with the K-wires pro-
truding through the skin.

4. The wound is closed in layers, and a
posterior splint is applied.
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Ficure 3.11. Radiograph after excision of a fracture
and replacement with a corticocancellous bone
block.

Postoperative Management

Protected weight-bearing with crutches is
used for 10 to 14 days. Sutures are removed
at that time. If screw fixation was used,
weight-bearing is allowed with a removable
walking orthosis for 4 weeks. If a K-wire was
used, non-weight-bearing should continue
for four additional weeks until the wire is
removed in an outpatient setting. In both
instances, shoewear and activities are begun
6 weeks after surgery if there is radiographic
evidence of bone healing. Athletic activities
can be resumed as rapidly as the ankle and
foot regain full strength and motion.

Atypical Metatarsal Stress Fractures

Rarely, metatarsal stress fractures do not heal
completely (Fig 3.12). Moreover, refracture
may occur when the player returns to sport.
In such instances, operative treatment is in-
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Ficure 3.12. Painful metatarsal stress fracture in-
completely healed. Note the cystic formation de-
spite cast immobilization.

dicated. We prefer to manage this problem
with bone grafting, plating, and interfrag-
mentary screw fixation when possible. Union
is usually complete by 10 to 12 weeks, and
the athlete can return to activity by 4 months.

Stress fractures of the base of the metatar-
sals are infrequent but pose diagnostic and
therapeutic challenges. Vague midfoot pain
and normal routine radiographs are typical.
Bone scans and MRI or CT are necessary to
establish the diagnosis (Figs. 3.13, 3.14). De-
spite cast immobilization, union may not
occur.

Nonetheless, we have long term follow-up
on two patients who have remained symptom-
free despite only fibrous union while con-
tinuing football and basketball, respectively.
A well molded, semirigid orthosis has been
helpful in both. For persistent symptoms,
however, bone grafting is indicated.

Tarsal Navicular Stress Fracture

Tarsal navicular stress fractures have been
reported to be among the most difficult to
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diagnose and treat successfully (Torg et al.,
1982). A history of trauma and other factors,
including excessive pronation of the foot,
limited ankle dorsiflexion, limited subtalar
motion, shortening of the first metatarsal, or
lengthened second metatarsal, combined
with relative hypovascularity of the central
portion of the navicular have been implicated
in the development of tarsal navicular stress
fractures.

Clinical Presentation

Symptoms are frequently insidious and
vague, and radiographs are normal. Diag-
nosis requires a technetium 99 bone scan and
conventional tomography to delineate the
fracture (Figs. 3.15, 3.16). Acute, nondis-
placed fractures are initially treated by non-
weight-bearing and cast immobilization for 8
weeks. Surgical treatment is necessary for
fractures that are displaced or fail to heal with
immobilization. Although excision and en

Ficure 3.13. Intense uptake on a bone scan over
the proximal middle metatarsals.
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Ficure 3.14. CT scan confirming a stress fracture in the base of the third metatarsal.

bloc bone grafting has been used for this
injury (Fitch et al., 1989), compression with
screw fixation is reliable and allows earlier
return to activity.

ORIF of Tarsal Navicular Stress Fracture

Technique

1. Position the patient supine, using a radio-
lucent table for intraoperative radiography
or image intensification. Utilize a tourni-
quet for improved visualization.

Ficure 3.15. Focal uptake on a
bone scan over the navicular.

2.

4.

Make a dorsal, longitudinal incision over
the middle third of the navicular, centered
between the interval of the tibialis anterior
and extensor hallucis longus tendons.
Identify and retract laterally the deep pe-
roneal nerve and dorsalis pedis artery.

. By palpation and image intensification,

identify the fracture site, elevating the pe-
riosteum to allow approximation of the
fracture edges.

Ideally, insert two parallel 2 mm guide-
wires from a medial or lateral approach
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Ficure 3.16. Tomogram demonstrating a navicular
fracture.

and insert appropriate length 4.0 mm can-
nulated lag screws, ensuring that no screw
threads cross the fracture. Sometimes only
one screw can be inserted. It is occasion-
ally necessary, especially when the frac-
ture involves the extreme lateral one-third
of the navicular, to cut off distal screw
threads or consider fixation across the na-
vicular into the cuboid to prevent having
screw threads crossing the fracture.

5. Cancellous grafting from the iliac crest is
used if the fracture edges are not com-
pressed, but it is usually not necessary.

6. The skin is closed with interrupted simple
mattress sutures (3-0 nylon), and a well
padded posterior or U-splint is applied.

Postoperative Management

Remove the sutures at 10 to 14 days and
replace the splint with a short-leg cast. Non-
weight-bearing is instituted for 4 weeks, fol-
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lowed by protected weight-bearing in a cast
or CAM walker for another 4 weeks. At 8
weeks, once the area is no longer tender and
the patient walks without a limp, resistive
exercises are started for the foot and ankle.
Bicycling is helpful for regaining range of
motion. Running is not permitted until there
is radiographic evidence of healing. Tomo-
graphy may be necessary to demonstrate
bony healing. Return to sports requires a
minimum of 3 months (usually 4-6 months).

Accessory Navicular

The accessory navicular is a supernumerary
bone associated with the medial pole of the
navicular. It has also been called the os tibiale
externum, prehallux, and accessory sca-
phoid. The condition is found in 4% to 14% of
the population and may occur unilaterally or
bilaterally (Grogan et al., 1989). In most cases
they are asymptomatic, but symptoms can
arise owing to disruption of a synchondrosis
with the navicular or irritation against the
side of the shoe. The accessory navicular is
contained in the insertional fibers of the pos-
terior tibialis tendon, resulting in both tensile
and compression forces being exerted on the
accessory bone (Sella and Lawson, 1987).

Clinical Presentation

Children and adults with all three types of
accessory navicular may have symptoms, de-
pending on the size of the prominence (Fig.
3.17). The symptoms are usually due to rub-
bing against the side of the shoe but may be
secondary to the prominence being kicked or
otherwise acutely traumatized.

A second cause of symptoms is disruption
of the fibers that attach the unfused accessory
bone to the body of the navicular. This
problem occurs in children and adults, usu-
ally following an acute twisting injury in
which the accessory navicular is wrenched
away from the navicular. Alternatively, the
pain appears insidiously as a result of chronic
irritation of the synchondrosis. Pain may
radiate proximally along the course of the
posterior tibialis tendon.
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Ficure 3.17. Accessory navicular. Note the promi-
nence over the medial pole of the navicular due to
an accessory navicular.

Radiography

Routine radiographs of the foot reveal an
accessory navicular (Fig. 3.18). An external
oblique view demonstrates the profile of the
medial aspect of the navicular and is helpful
for assessing the characteristics of an acces-
sory navicular (Grogan et al., 1989).

The accessory navicular arises from a sec-
ondary center of ossification of the navicular
medial to the usual one. In children the two
centers have the radiographic appearance of
being separate bones. Three patterns of ac-
cessory navicular are seen in adults (Fig.
3.19): Type 1 is a true sesamoid lying within
the substance of the posterior tibialis tendon.
A type II accessory bone has a cartilaginous
synchondrosis with the medial navicular that
is 1to 3 mm in thickness. Type III is united to
the medial pole of the navicular with a bridge
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of bone (Sella and Lawson, 1987; Sella et al.,
1986). Of the accessory naviculars, 30% are
type I and 70% are type II or III (Sella and
Lawson, 1987). Bone scanssare helpful for
identifying a traumatized type II accessory
navicular if plain radiographs are equivocal.

Nonoperative Treatment

When symptoms are related to friction of the
prominence against the shoe, treatment is
directed at pressure relief. Pads may be help-
ful, as may stretching the portion of the shoe
overlying the prominence. If this treatment
is unsatisfactory, surgical excision can be
considered.

The initial treatment for pain from a syn-
chondrosis is similar to that for a sprain. It
includes rest and nonsteroidal antiinflamma-
tory drugs (NSAIDs). Other modalities in-
clude a period of non-weight-bearing with
crutches or immobilization in a short-leg
walking cast for 3 to 6 weeks. Persistent
symptoms warrant surgical treatment.

Ficure 3.18. Type II accessory navicular with dis-
placement.
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Ficure 3.19. Accessory navicular. (A) Posterior ti-
bial tendon inserts on navicular. (B) Type I. (C)
Type II. (D) Type II, with displacement. (E) Type
III.

Operative Treatment

The surgical procedure is the same for all
types, regardless of the cause of symptoms. It
consists in removing of the accessory navi-
cular bone and the medial pole of the navi-
cular and imbricating of the posterior tibialis
tendon without rerouting the tendon. This
procedure has produced excellent results in
children and adults with an expectation of
complete return to athletic activities (Grogan
et al., 1989; Lepore et al., 1990; Sella and
Lawson, 1987; Sella et al., 1986).

Excision of Accessory Navicular

Technique

1. A general anesthetic is administered and a
thigh tourniquet applied. The skin incision
follows the distal course of the posterior
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tibialis tendon from the inferior border of
the medial malleolus to the medial pole of
the navicular, extending to the level of the
medial cuneiform.

2. The sheath of the posterior tibialis is en-
tered proximally and split longitudinally
until the insertion is well visualized over
the entire medial pole.

3. A no. 15 scalpel is used to make a longitu-
dinal cut in the distal 2 to 3 cm of the
tendon, extending to the bone of the ac-
cessory navicular and the navicular
proper.

4. The accessory bone is subperiosteally ex-
cised from the tendon, being careful not to
transect fibers of the tendon. Dorsal and
plantar elevation of the tendon insertion
into the navicular is required to expose the
medial pole. A small osteotome can then
divide it parallel to the medial side of the
foot. The edges are smothed with a
rongeur and rasp.

5. The split in the tendon is repaired with a
running stitch of 2-0 absorbable suture,
starting proximally and continuing over
the medial side of the navicular. The
tendon sheath is closed with a running
stitch of 0 absorbable suture.

6. The skin is closed with interrrupted 3-0
nylon mattress sutures, and a short-leg
posterior or U-shaped splint is applied.

Postoperative Management

Protected weight-bearing is used for 10 to 14
days. The splint and skin sutures are re-
moved, and a short-leg walking cast is ap-
plied for 4 weeks. After the cast is removed,
walking is allowed in a regular shoe. Activi-
ties are advanced after 2 weeks, and training
can resume 2 weeks later.

Plantar Fibromatosis

Plantar fibromatosis is a benign but locally
aggressive tumor that forms in the plantar
fascia. Microscopic examination of nodules
shows a similarity with the tissue found in
Dupuytren’s contracture, the characteristic
cell being a myofibroblast. The nodule ap-
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pears without preceding trauma and is usu-
ally painless when small. After a variable
time the nodule may begin to grow, at which
point it may become painful and make shoe-
wear and activities difficult. It can become
locally aggressive and extend into the over-
lying fat and skin or the underlying muscle
(Haedicke and Sturim, 1989).

Clinical Presentation

Plantar fibromatosis typically appears as a
solitary nodule in the arch that is seen just
underneath the skin. It may be tender to
palpation, though these nodules are often
asymptomatic. With more advanced cases
multiple nodules can occur. Radiographs and
MRI are not helpful for the diagnosis.

Treatment

Surgery is indicated when the nodule is
painful or demonstrates significant growth.
These lesions have a tendency to recur, so
the excision must be extralesional. Because
the skin flaps elevated in the area of
resection are thin, care must be taken during
the procedure to handle them carefully.
Non-weight-bearing should be maintained
for 3 weeks after surgery to ensure that the
wound heals without shear forces on the
edges.

Ficure 3.20. Plantar fibromat-
osis. A plantar fibroma was
excised through a longitudinal
incision. The fibroma with a
margin of normal plantar
fascia is shown.
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Surgical Excision

1. The procedure is usually performed with
the patient in the prone position, which
requires a general anesthetic with intuba-
tion or an ankle block. A thigh tourniquet
is used with a general anesthetic, and a
Esmarch bandage at the ankle is used as a
tourniquet with an ankle block.

2. The skin incision is centered over the nod-
ule, running longitudinally on the plantar
surface of the foot. It should extend 2 to 3
cm on either side of the nodule. The skin is
thin under the arch, and there is little
subcutaneous fat. The incision is carried
down to the plantar fascia before any flaps
are elevated, thereby ensuring that the
entire thickness of the subcutaneous layer
is included in the flap. The nodule is thus
exposed.

3. A no. 15 scalpel is used to divide the fascia
around the nodule with approximately a 1
cm rim of normal appearing fascia in-
cluded in the specimen. The specimen is
then elevated from the underlying muscle
tissue (Fig. 3.20). Histologic examination is
recommended.

4. The tourniquet is removed and hemostasis
obtained with electrocautery. The incision
is closed in layers with absorbable 3-0 ap-
proximating the subcutaneous layer, and
the skin is closed with simple stitches of 3-0
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nonabsorbable suture. A soft dressing is
applied.

Postoperative Management

The patient is instructed to remain non-
weight-bearing, using crutches for 3 weeks.
The dressing is removed at 1 week, and
bathing is allowed. Sutures are removed at 2
weeks. Initial weight-bearing is restricted to
walking only for 7 to 10 days; activities are
then advanced as tolerated.
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Forefoot

Great Toe

The great toe and its metatarsophalangeal
(MTP) joint are affected by numerous inju-
ries, that in turn affect athletic performance.
During the last phase of stance in the gait
cycle, the body’s weight is transferred for-
ward onto the ball of the foot and the toes.
From heel rise to toe-off during barefoot gait,
the first MTP joint dorsiflexes with the joint
subjected to a force 0.8 times body weight
(McBride et al., 1991). Progressively decreas-
ing forces are measured at the second
through fifth MTP joints. First MTP joint
forces are increased severalfold during ath-
letic activities that involve running and
jumping. The crouched position of a baseball
catcher and the en pointe position of a ballet
dancer are examples of high stress that
occurs at the first MTP joint during athletics
(Teitz et al., 1985). Such stress can lead to
both acute and chronic injuries of the great
toe.

Anatomy and Function

The hallux is extended by the action of the
extensor hallucis longus, whose tendon at-
taches at the dorsal base of the distal phalanx.
Flexion is accomplished by the flexor hallucis
longus, inserting on the plantar aspect of the
distal phalanx, and the flexor hallucis brevis,
which inserts by two tendons on the plantar
base of the proximal phalanx.

There are three sesamoid bones associated

with the great toe, two of which are invari-
ably present under the first metatarsal head
and a third, which occurs in approximately
15% of the population, on the plantar aspect
of the interphalangeal joint (Sarrafian, 1983).
The interphalangeal sesamoid lies in the
flexor hallucis longus tendon and is clinically
insignificant. The MTP joint sesamoids artic-
ulate with the metatarsal by a distinct groove,
and these grooves are separated by a midline
prominence, the crista, on the plantar surface
of the metatarsal head.

The MTP joint sesamoids are each em-
bedded in the thick plantar plate of the first
MTP joint. This structure is contiguous with
the medial and lateral sesamophalangeal and
metatarsosesamoid ligaments and an interse-
samoid ligament. This complex of ligaments
maintains the sesamoids and proximal pha-
lanx in apposition to the metatarsal head
during joint motion.

The tendons of the flexor hallucis contain
the vascular supply to the sesamoids (Sobel
et al., 1992). The lateral sesamoid receives
insertions from the deep transverse meta-
tarsal ligament and the oblique and trans-
verse heads of the adductor hallucis. The
abductor hallucis attaches to the medial sesa-
moid. The fibrous tunnel of the flexor hallucis
longus tendon, which runs between the se-
samoids, has attachments to both, as does
the plantar fascia.

The medial sesamoid may be bipartite or
multipartite (Richardson, 1987). Partite sesa-
moids are present in 10% to 30% of the
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population (Sarrafian, 1983; Scranton, 1981;
Scranton and Rutkowski, 1980). They can
occur unilaterally or bilaterally.

The sesamoids have an important role in
the function of the first MTP joint. Foremost,
they absorb impact, dispersing forces during
weight-bearing, thereby protecting the first
metatarsal head and the tendon of the flexor
hallucis longus. They also function as a ful-
crum to increase the moment arm of the
flexor hallucis brevis muscle, increasing the
power of first MTP plantarflexion.

Injuries of the Sesamoids

With their vulnerable position and the high
stress to which the sesamoids are subjected,
it is remarkable that injuries are not more
common. When they do occur, however,
these injuries can be disabling for the athlete.
Such types of sesamoid injuries include sesa-
moiditis, stress fractures, and acute fractures.

Sesamoiditis

Sesamoiditis, or inflammation of the sesa-
moid complex, includes synovitis, flexor hal-
lucis longus tendonitis, and chondromalacia
of the sesamoid (Leventen, 1991; McBryde
and Anderson, 1988). It usually develops
insidiously as the result of chronic loading
activities (Axe and Ray, 1988). Direct impact
or the tensile forces generated during dorsi-
flexion of the MTP joint can initiate inflam-
mation, and repeated minor trauma eventu-
ally causes symptoms (Dietzen, 1990).

Clinical Presentation

The athlete complains of pain upon weight-
bearing along the ball of the foot, which can
severely limit activities. It is unusual for the
pain to occur along the medial eminence, as
is noted with a bunion. Typically, the history
is of a gradual onset of pain with no partic-
ular identifiable precipitating episode.
Physical examination reveals tenderness to
palpation under the sesamoids, with one
sometimes be more severely affected. Slight
swelling may be seen on the plantar surface
of the joint, but there is no ecchymosis or
erythema. Passive range of motion can be
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limited and painful, particularly in dorsifle-
xion. Axial compression of the surfaces of the
MTP joint does not cause pain.

Radiography

Routine anteroposterior (AP) and lateral ra-
diographs of the foot are usually normal, as
are axial views of the sesamoids (Fig. 4.1). A
technetium 99 bone scan may show tracer
uptake in the area of the first MTP (Axe and
Ray, 1988; Richardson, 1987).

Treatment

The primary mode of treatment is rest, which
relieves inflammation. Limiting first MTP
joint motion diminishes tensile forces in the
sesamoid complex and can be accomplished
by wearing shoes with a stiffened forefoot.

Ficure 4.1. Correct position of the foot for ob-
taining a sesamoid radiograph. (After Richardson,
1987, with permission)



Great Toe

Taping of the great toe can also restrict dor-
siflexion and may provide enough support to
allow athletic activities to be continued. A felt
HAPAD or metatarsal bar placed proximal to
the MTP transfers weight-bearing pressure
from the joint, reducing impact stress. Oral
nonsteroidal antiinflammatory medications
(NSAIDs) are helpful in patients who can
tolerate them. Return to athletics is deter-
mined by the level of pain.

If pain continues, enforced rest of the foot
is obtained by use of a short-leg walking cast
for 2 to 4 weeks. The cast should have an
extended toe plate to prevent motion at the
MTP joint and a walking heel under the arch,
which transfers weight-bearing forces from
the ball of the foot.

A single intraarticular injection of cortisone
can provide substantial or complete relief of
symptoms in the recalcitrant case. The injec-
tion is performed with cast immobilization
for 2 to 4 weeks.

Custom orthotic treatment permits early
return to sport participation (Axe and Ray,
1988). The device should be full length to
prevent overpronation, with a J-shaped pad
incorporated to provide sesamoid stress
relief.

If these treatment modalities do not relieve
pain over 4 to 6 months, sesamoidectomy is
considered (Richardson, 1987).

Acute Sesamoid Fracture

Acute sesamoid fractures can occur by two
mechanisms. A direct blow to the medial ball
of the foot can compress the sesamoid against
the metatarsal head, which occurs during a
fall from some height or from a hard landing
on the ball of the foot with compression of
the sesamoid. Runners, dancers, and basket-
ball players may sustain the injury in this
manner. The sesamoid may also fracture
under tension. When the great toe is vio-
lently dorsiflexed, the sesamoid is pulled
apart (McBryde and Anderson, 1988). The
medial sesamoid is most commonly involved,
probably because of its shape and the fact
that the lateral sesamoid is often partly dis-
placed lateral to the metatarsal head (Irvin et
al., 1985).
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Clinical Presentation

Because an acute sesamoid fracture follows
an identifiable traumatic event the athlete
should be able to describe the mechanism of
injury. Clinically, there is swelling and often
ecchymosis on the plantar aspect of the first
MTP joint. The area is tender to palpation,
and dorsiflexion of the MTP is painful.

Radiography

Appropriate radiographs include AP, ob-
lique, and lateral views of the foot and an
axial view of the sesamoids. The diagnosis
can usually be confirmed by these studies
(Fig. 4.1). The main distinctions that must be
made are between an acute fracture, a partite
sesamoid, and osteonecrosis of the sesamoid
(Fig. 4.2).

An acute fracture demonstrates irregular
edges, whereas a partite sesamoid has
smooth, regular edges that are usually scle-
rotic. An osteonecrotic sesamoid is frag-
mented into multiple pieces, and there may

C D

Ficure 4.2. Variations in the sesamoids. (A)
Normal appearance. (B) Bipartite sesamoid with
smooth borders. (C) Sesamoid fracture with
irregular borders. (D) Fragmented sesamoid,
osteochondritis.
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be remodeling of the sesamoid and the meta-
tarsal head with new bone formation. The
axial radiograph may demonstrate fracture of
the sesamoid (Fig. 4.3). If not, a technetium
99 bone scan is performed to identify the
acute fracture.

Nonoperative Treatment

Sesamoid fractures may require a prolonged
time to heal, and the athlete should be in-
formed of this problem at the beginning of
treatment. If symptoms are mild, treatment
employs the modalities used for sesamoiditis:
taping, metatarsal pads, and a stiff-soled
shoe. If significant pain is present, a short-leg
walking cast is used for 4 to 6 weeks. The cast
should have an extended toe plate to prevent
MTP joint motion and a posteriorly placed
heel pad to transfer weight-bearing from the
ball of the foot. The athlete is then advanced
to a stiff-soled shoe with a metatarsal pad to
relieve the sesamoid (Fig. 4.4). The latter
device may be necessary for up to 4 to 6
months.

Operative Treatment

Significantly displaced sesamoid fractures
and nondisplaced fractures that do not re-
spond to nonoperative treatment of 6 to 8
weeks can be considered for excision. The
medial sesamoid is excised through a medial
incision, and the lateral sesamoid is ap-
proached through a plantar incision (Leven-
ten, 1991).

Ficure 4.3. Fracture of the fibular sesamoid. Irreg-
ularities are seen in the lateral sesamoid.
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Ficure 4.4. Sesamoid cut-out insole to relieve a
painful medial sesamoid.

Medial Sesamoidectomy
Technique

1. General anesthesia or an ankle block is
used. Under tourniquet control, a 4 cm
longitudinal incision is made on the infe-
romedial aspect of the first ray, centered
on the MTP joint. Care must be taken to
prevent injury to the medial plantar sen-
sory nerve to the hallux.

2. The MTP joint capsule is entered longitu-
dinally in its plantar one-third, and the
sesamoid and MTP joint surfaces are in-
spected. A no.15 scalpel is used to excise
the medial sesamoid subperiosteally (Fig.
4.5). The sesamoid is larger than it appears
on the radiographs. If the flexor hallucis
brevis tendon is damaged during the exci-
sion, it should be repaired with a 2-0
absorbable suture, as should any defect in
the plantar capsule.
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Ficure 4.5. Excision of the medial sesamoid. The
sesamoid is excised from its soft tissue attach-
ments through a midline approach.

3. The wound is closed in layers to ensure
that there is no medial laxity that could
lead to the development of hallux valgus.
A soft dressing is applied.

Postoperative ~ Management. Immediate
weight-bearing is allowed as tolerated with a
postoperative shoe and crutches. The dress-
ings are changed and sutures removed at 10
to 14 days. Walking is then allowed in a
regular shoe, but athletic activities are not
permitted for 6 weeks after surgery.

Lateral Sesamoidectomy. The lateral sesamoid
is excised through a plantar longitudinal in-
cision. In the unusual case where the sesa-
moid has subluxed laterally, it can be ap-
proached through a dorsal first web space
incision.

Technique

1. Under general or ankle block anesthetic
and tourniquet control, the first and
second metatarsal heads are palpated and
their position marked on the plantar skin.
A 4 cm longitudinal incision is made be-
tween these heads, extending proximally
from the base of the first web space. The
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subcutaneous tissue and plantar fascia are
divided in line with the skin incision, and
the neurovascular bundle is protected by
retraction laterally (Fig. 4.6).

2. The lateral capsule of the first MTP is
incised longitudinally and the plantar edge
retracted. The lateral sesamoid is subpe-
riosteally excised from its ligamentous at-
tachments using a no. 15 scalpel. Any
rents in the capsule or tears in the flexor
hallucis brevis tendon are repaired with
2-0 absorbable sutures.

3. The wound is closed in layers. Care is used
when approximating the edges of the
plantar skin to ensure that normal skin
alignment is restored so a thick scar does
not form.

Postoperative Management. At discharge,
the patient is instructed to remain non-
weight-bearing for 3 weeks. The dressing is

FiGure 4.6. Plantar approach to the lateral sesa-
moid. The digital nerve is protected by lateral
retraction.
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removed at 1 week and the wound inspected.
A clean sock is then worn over the foot for 2
weeks more, at which time the sutures are
removed and weight-bearing is allowed in a
regular shoe. Walking is gradually increased
as comfortable, but running is avoided until 6
weeks after surgery.

Sesamoid Stress Fracture

As with other bones, stress fractures of the
sesamoids are the result of repetitive loads
that eventually cause the bones to fail. Al-
though not common fractures, they are seen
in athletes (McBryde, 1985). It is important to
differentiate a stress fracture from a partite
sesamoid during the radiographic evaluation.

Clinical Presentation

The athlete with a sesamoid stress fracture
has slow, progressive development of pain in
the ball of the foot. The pain is worsened
with activities and relieved by rest. Symp-
toms may be present for weeks or months
before the patient seeks medical care (Van
Hal et al.,, 1982). A stress fracture may
progress to osteonecrosis and osteochondritis
(Irvin et al., 1985; Kliman et al., 1983).)

Physical examination reveals point tender-
ness to palpation directly over the involved
sesamoid. Dorsiflexion of the first MTP may
also be painful, particularly at the extreme.
Usually there is no swelling, ecchymosis, or
erythema.

Radiography

Standard AP, oblique, and lateral views of the
foot should be obtained as well as an axial
view of the sesamoids. Radiographs obtained
early during the course of symptoms may
show no abnormalities, although when re-
peated 3 weeks later they may demonstrate a
fracture line. Partite sesamoids must be dif-
ferentiated from stress fractures, which can
usually be done based on the character of
the line of division: A fracture is indistinct,
whereas a partite sesamoid has smooth, reg-
ular edges. If the diagnosis is in doubt, the
technetium bone scan readily demonstrates
the fracture as a discrete area of tracer uptake.
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Nonoperative Treatment

Nonoperative treatment should be attempted
but often does not produce fracture union.
The foot is placed in a short-leg walking cast
with an extended toe plate to prevent MTP
motion. A heel should be placed under the
arch of the cast to transfer weight-bearing
forces posteriorly. The cast is worn for 4 to 6
weeks.

If symptoms are relieved, a metatarsal pad
is placed in the shoe and activities gradually
increased. Patients may become asympto-
matic despite overt nonunion. Should symp-
toms not be relieved, or if they are initially
improved and then worsen, surgical excision
is indicated (see Sesamoidectomy).

Sprain of First MTP Joint (Turf Toe)

Turf toe, a sprain of the plantar ligaments
of the first MTP joint, occurs when the
great toe is forced into hyperdorsiflexion.
The term was coined as a description of a
football injury associated with playing on
artificial turf. In a crouched position the first
MTP is dorsiflexed. Repeatedly pushing
forward off the planted foot in the stance
postition can damage the plantar ligaments
of the first MTP joint. A more severe injury
occurs when the foot is planted and another
player lands on the back of first player’s leg
(Fig. 4.7), which forcibly dorsiflexes the first
MTP joint (Coker et al.,1978; Sammarco,
1993).

The hard, unyielding character of artificial
turf is a factor in the production of these
injuries. Athletic participation while wearing
shoes with inadequate forefoot support and
cushioning is also implicated in the produc-
tion of turf toe (Clanton et al., 1986; Sam-
marco, 1993).

Mechanism of Injury

As the first MTP joint is forcibly dorsiflexed
beyond its normal arc of motion, the plantar
structures tighten, causing the dorsal pha-
lanx to impinge on the metatarsal head. If
further dorsiflexion occurs, the plantar struc-
tures can stretch, tear, and finally rupture,
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Ficure 4.7. Hyperextension mechanism of injury due to contact.

leading to a spectrum of injuries, from
sprains to frank MTP joint dislocation.

Clinical Presentation

Sprains of the first MTP joint are graded by
the severity of ligamentous damage (Clanton
et al., 1986). A grade I injury indicates
stretching of the plantar structures. The ath-
lete complains of plantar pain and has local-
ized tenderness. There may be some restric-
tion of MTP motion; swelling, if present, is
slight. The athlete is usually able to continue
competing with a grade I injury.

A grade Il injury indicates partial tearing of
the plantar ligamentous structures. There is
pain and tenderness, and swelling may be
noticeable on the dorsal and plantar aspects
of the MTP joint. Ecchymosis may be
present, and motion is limited because of
guarding. The acute pain makes athletic par-
ticipation impossible.

With a grade III sprain the plantar plate is
completely ruptured, and there may be an
associated compression fracture of the dorsal
metatarsal or phalanx caused by impinge-
ment. There is significant swelling and ec-
chymosis, with marked restriction of motion.

Radiography

Radiographs are usually normal with all three
grades of injury. Small flecks of bone may be

identified adjacent to the metatarsal or pha-
lanx with a grade III sprain, indicating cap-
sular avulsion (Clanton et al., 1986). It is
important to exclude fracture of the sesa-
moids (Rodeo et al., 1993). Magnetic reso-
nance imaging (MRI) has been used to iden-
tify tearing of the plantar ligaments and may
be indicated if surgery is being considered
(Tewes et al., 1994).

Prevention

All athletes who perform on hard surfaces,
particularly artificial turf, should wear shoes
with adequate forefoot cushioning and sup-
port. The tendency to wear a lighter shoe
with less support in the hope of increasing
speed and improving athletic performance
puts the foot at risk for developing turf toe.

Treatment

All first MTP joint sprains should be treated
initially with rest, ice, compression, and ele-
vation (RICE). A short course of oral antiin-
flammatory medication can help reduce pain
and speed recovery. Taping provides sup-
port, primarily by blocking dorsiflexion (see
Chap. 8). A shoe with the forefoot sole rein-
forced should be worn to limit first MTP
dorsiflexion when activity resumes. Rein-
forcement can be provided by adding a sheet
of steel or fiberglass to the sole in the fore-
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foot. Alternatively, a semirigid insole in the
shoe can provide support (Clanton et al.,
1986).

Athletes with grade I injuries may be able
to play with no “down time.” With a grade II
injury there may be a loss of up to 2 weeks of
playing time, and grade III injuries may re-
quire up to 6 weeks before playing can be
resumed. The consequences of an under-
treated grade III injury include persistent
pain, hallux valgus, and hallux rigidus
(Clanton et al., 1986, Sammarco, 1993).

The only indication for surgery is removal
of the intraarticularbone fragments that result
from a grade III injury. These fragments may
be removed through a small dorsal longitu-
dinal incision.

First MTP Joint Dislocation

Mechanism of Injury

Dislocation of the first MTP joint results from
a violent injury that forces the toe into ex-
treme dorsiflexion. Jahss (1980) developed a
classification scheme for these injuries (Fig.
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4.8). Type I injury occurs when the plantar
plate ruptures proximally, allowing the prox-
imal phalanax and sesamoids to slip dorsally
over the head of the metatarsal. The head is
then trapped between the two tendons of the
flexor hallucis brevis, fixing the toe in a
dorsiflexed position.

Type II dislocations result from a greater
force; there are two subtypes. With type IIA
injury, there is rupture of the intersesamoid
ligament, in addition to the components of a
type Linjury, allowing the sesamoids to splay
apart. A type IIB injury includes dislocation
and fracture of one of the sesamoids. If the
sesamoid fracture is comminuted, the mech-
anism of injury must have been a crush,
because pure hyperextension injuries cause
the sesamoid to fail under tension with a
single fracture line.

Clinical Presentation

The athlete with this injury has significant
pain and swelling, and the MTP joint is held
in fixed dorsiflexion. It is an uncommon
injury but has been described in football and

Ficure 4.8. Dislocation of the
first metatarsophalangeal joint.
(A) Lateral view. (B) Type I
(C) Type IIA. (D) Type IIB.
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basketball players (Clanton et al., 1986). If a
player has his forefoot planted and another
player lands on the back of the leg, it can
cause hyperdorsiflexion of the first MTP
joint, and dislocation may ensue.

Radiography

Anteroposterior, lateral, and oblique radio-
graphs are necessary to evaluate the injury
and determine its type (Fig. 4.9). The sesa-
moids must be carefully assessed to exclude a
fracture.

Treatment

Closed reduction should be attempted first.
All types can be irreducible, and therefore the
injured athlete should be prepared for the
possibility of open reduction. A medial or

Ficure 4.9. Dislocation of the first MTP joint. This
AP radiograph shows a type IIA irreducible dislo-
cation of the first MTP with separation of the two
sesamoids.
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dorsal approach is used depending on the
radiographic review and the need to access
medial or lateral structures in the joint (Lewis
and DeLee, 1984).

Closed Reduction

Technique

1. A general anesthetic provides the best re-
laxation and allows a controlled reduction
to be performed. A local field block about
the medial forefoot or intravenous dia-
zepam and morphine can be used in the
clinic or emergency room setting.

2. The reduction maneuver begins with lon-
gitudinal traction along the great toe. The
toe is brought into further hyperdorsifle-
xion to unlock the base of the phalanx from
the head of the metatarsal. It is then
brought down into normal alignment.

3. Radiographs are obtained and the position
assessed. If the reduction is satisfactory
and stable, immobilization is achieved by a
soft bunion-type dressing that supports
the great toe with tape.

4. If the reduction is unstable, a percutan-
eous K-wire should be inserted across the
joint to maintain the position. This ma-
neuver is performed in the operating
room. After reduction of the joint, a 0.062
inch K-wire is drilled from the tip of the toe
across the interphalongeal (IP) and MTP
joints.

5. Radiographs are obtained to assess the
reduction and the position of the implant.
A soft bunion-type dressing is applied to
the foot to support the great toe.

Postoperative Management. The dressing is
worn for 2 weeks, and weight-bearing is
allowed with a postoperative shoe. Alterna-
tively, the reduction can be maintained with
a short-leg walking cast with extension over
the toes. If a K-wire has been used, it is
removed at 2 weeks. At this point, a stiff-
soled shoe is used for 4 weeks. Range-
of-motion exercises are started to minimize
stiffness at the MTP joint. Athletic activities
may resume after 6 weeks, if the patient is
asymptomatic. A shoe with a stiff sole under
the forefoot or taping of the first MTP should
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be used for support during athletic activities
for 3 months.

Open Reduction
Technique

1. General anesthesia or an ankle block is
used. Under tourniquet control, a 4 cm
longitudinal incision is centered over the
medial aspect of the first MTP joint. The
medial capsule is divided in line with the
skin incision and the joint explored. Alter-
natively, a dorsal incision can be made just
lateral to the extensor hallucis longus
tendon.

2. Cartilage and bone fragments are removed
manually and by irrigation.

3. After the joint has been reduced, a 0.062
inch K-wire is inserted longitudinally from
the tip of the toe, transfixing the IP and
MTP joints. The position of the implant is
confirmed radiographically.

4. The wound is closed in layers and the foot
wrapped with a soft bunion-type dressing
to support the great toe.

Postoperative = Management.  Immediate
weight-bearing is allowed as tolerated with a
postoperative shoe and crutches. The skin
sutures and pin are removed after 2 weeks.
Active and passive MTP joint range of motion
exercises are commenced together with ther-
apeutic modalities including paraffin and
contrast baths. A stiff-sole shoe is worn for 4
weeks. Athletic activities should be avoided
for 6 weeks; when resumed, the joint should
be protected by a stiff sole insert in the
forefoot or taping for 3 months.

First Interphalangeal Joint Dislocation

The IP joint of the great toe can be dislocated
as the result of a violent, axial loading mech-
anism (stubbing). It is a rare injury (Wolfe
and Goodhart, 1989).

Anatomy

The first IP joint is supported medially and
laterally by collateral ligaments and inferiorly
by a thick plantar plate. The extensor and
flexor hallucis longus tendons course the
dorsal and plantar edges, respectively, to
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attach on the distal phalanx. As noted previ-
ously, about 15% of the population have a
sesamoid associated with the IP joint that is
contained in the substance of the flexor hal-
lucis longus tendon.

Clinical Presentation

Dislocation is the result of hyperextension of
the toe, which causes the distal phalanx to
slip dorsally. If an IP sesamoid is present, it
can become entrapped, leading to an irreduc-
ible joint. The great toe appears clawed with
the tip of the toe pointing upward.

Radiography

Anteroposterior and lateral radiographs dem-
onstrate the dislocation. Carefully review the
radiographs to identify any associated frac-
tures or entrapment of an IP sesamoid.

Treatment

Closed reduction is attempted; if satisfactory,
the position is maintained by a short-leg
walking cast or a soft bunion-type dressing
with tape wrapped about the great toe (Jahss,
1981b). A reduction that is unstable or an
irreducible dislocation requires surgical treat-
ment. Either closed reduction and pinning or
open reduction and pinning are necessary
(DeLee, 1993). In cases where the sesamoid is
entrapped, it should be excised (Wolfe and
Goodhart, 1989).

Closed Reduction
Technique

1. A general anesthetic or a digital block with
1% lidocaine is applied. Longitudinal trac-
tion is instituted by grasping the end of the
great toe. The IP joint is hyperdorsiflexed
and then forced downward into the re-
duced position. AP and lateral radiographs
are used to assess the reduction.

2. If satisfactory, the position is maintained
for 2 weeks with a soft bunion-type
dressing using tape to support the great
toe.

3. If the joint is reducible with manipulation
but the reduction is unstable, percutan-
eous K-wire fixation is needed. This step is



Great Toe

performed in the operating room under
appropriate anesthesia. After reduction of
the joint, a 0.062 inch K-wire is inserted
from the tip of the toe, crossing the IP joint
but not the MTP joint. Radiographs are
obtained to assess the reduction and the
position of the implant.

Postoperative Treatment. A postoperative
shoe is provided with the dressing, and im-
mediate weight-bearing is allowed. An alter-
native is to use a short-leg walking cast for 2
weeks, but support of the toe is not as stable
with this method and the hindfoot and ankle
joints are unnecessarily immobilized. Return
to athletic activities is allowed after 2 weeks,
using a stiff-soled shoe for an additional 4 to
6 weeks.

If pinning has been necessary, a soft
dressing and postoperative shoe are used for
2 weeks. The pin is removed at 2 weeks and
shoewear advanced as is possible. A stiff-
soled shoe is worn for athletic activities
during the next 4 to 6 weeks.

Open Reduction
Technique

1. A general anesthetic and a tourniquet are
used. A transverse incision is made over
the dorsum of the IP joint, and the ex-
tensor apparatus and dorsal capsule are
divided. The extensor hallucis longus
tendon is protected. Inspect the joint sur-
faces and remove any incarcerated bone
fragments. If there is an interposed sesa-
moid, excise it.

2. After irrigating and reducing the joint, a
0.062 inch K-wire is drilled longitudinally
from the tip of the toe across the joint up to
(but not through) the MTP. Assess the
adequacy of the reduction and position of
the implant radiographically. The skin is
closed with interrupted 3-0 nonabsorbable
sutures, and a soft dressing is applied.

3. In the event of an open dislocation K-wire
fixation is used, but the skin is left open
and allowed to close secondarily. The
dressing can be removed after 3 days, and
wound care is instituted with regular
dressing changes.
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Postoperative Management. Weight-bearing
is allowed with a postoperative shoe. The pin
is removed at 2 weeks and shoewear ad-
vanced as allowed. A stiff-soled shoe is worn
for athletic activities during the next 4 to 6
weeks.

Great Toe Phalangeal Fracture

The great toe is the second most common site
of phalangeal fractures, after the fifth toe
(DeLee, 1993). Fractures occur more com-
monly in the proximal phalanx than the distal
one. The usual mechanism is a crush injury
due to an object falling on the toe or another
player stepping on it. Fracture can also occur
if the toe is axially loaded (stubbed). With a
significant crush injury the fracture can be
comminuted, open, or both. If the fracture is
distal, it may be associated with disruption of
the nail bed. Intraarticular fractures require
special consideration.

Clinical Presentation

After an acute injury to the toe, there is
significant pain with weight-bearing and dif-
ficulty wearing shoes. The toe is swollen,
often ecchymotic, and tender to palpation. A
subungual hematoma can develop in con-
junction with a distal phalangeal fracture.
Lacerations or a break in the nail indicate an
open fracture.

Radiography

Radiographic evaluation of the toes re-
quires AP, oblique, and lateral views. These
films allow adequate assessment of the frac-
ture patterns as to determine appropriate
treatment.

Nonoperative Treatment

Nondisplaced or minimally displaced frac-
tures can be treated by “buddy taping” to the
second toe. This maneuver allows weight-
bearing in a regular shoe or a postoperative
shoe depending on the level of discomfort.
Taping is continued until the toe is pain-free,
usually 4 weeks or less. If pain is more
significant, crutches can be utilized for sev-
eral days until the pain improves. An alter-
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native is to apply a short-leg walking cast for
1 to 2 weeks. The athlete may resume activi-
ties when the toe becomes pain-free.

Severe crushing injuries can lead to long-
term pain; and if the injury is intraarticular,
decreased motion may be apparent and post-
traumatic arthritis can develop. Most frac-
tures, however, become painless within 4 to 6
weeks. The toe is often swollen for as long as
3 months after the injury.

Operative Treatment

Closed fractures that are severely displaced
or have intraarticular displacement of more
than 2 mm are treated by open reduction and
K-wire fixation. If there is significant swell-
ing, surgery can be delayed up to 7 to 10
days. Open fractures require immediate irri-
gation and debridement, and they are usually
fixed with a K-wire, which acts as an internal
splint. Closed or open fractures with a su-
bungual hematoma should have the hema-
toma drained whether the fracture requires
closed or open treatment.

Open Reduction
Technique

1. A general anesthesic or ankle block is
used. Under tourniquet control, a 2 cm
longitudinal incision is made along the
medial or lateral side of the extensor hal-
lucis longus tendon overlying the fracture.

2. After exposure, the fracture is reduced and
fixed with one or two 0.062 inch K-wires,
which are cut off with their ends outside
the skin.

3. The wound is closed in layers, and a soft
compression dressing is applied.

Postoperative Management. Weight-bearing
is allowed as tolerated with a postoperative
shoe. Alternatively, a short-leg walking cast
may be used for 2 weeks, followed by a
postoperative shoe. The sutures are removed
after 2 weeks, but the postoperative shoe is
worn until 6 weeks after surgery. The pins
are removed at 4 to 6 weeks. At 6 weeks
athletic activities can be resumed wearing a
shoe with a stiff forefoot for an additional 4
weeks.

4, Forefoot

Open Phalangeal Fracture
Technique

1. A general anesthetic or ankle block is used
with a tourniquet. The wound is thor-
oughly débrided and irrigated, using pul-
satile lavage. If the fracture has significant
intraarticular displacement, it is reduced
and fixed as for a closed fracture. The
incision used depends on the location of
the fracture and the skin opening. After
débriding, the wound can be extended to
allow access to the displaced fracture, as
needed.

2. Regardless of the degree of displacement,
a K-wire is used to stabilize the toe to
improve healing of the soft tissue compo-
nent of the injury. A single 0.062 inch
K-wire is drilled longitudinally from the tip
of the toe, crossing the MTP joint.

3. The wound is allowed to close secondarily.
A short-leg posterior splint is applied but
is replaced after 2 days with a removable
splint so wound care with dressing
changes and whirlpool treatments can be
undertaken. Weight-bearing is delayed
until the wound has healed.

4. The K-wire is removed after 4 to 6 weeks,
and unrestricted weight-bearing in a reg-
ular shoe is allowed. Athletic activities can
be resumed when the wound has healed
and pain is absent. A stiff forefoot shoe
is used for the first 4 weeks of athletic
activity.

Hallux Valgus and Bunions

Hallux valgus and bunions are among the
most common deformities seen by foot spe-
cialists. A bunion is the combination of soft
tissue and medial eminence of the first meta-
tarsal that together form a medial promi-
nence by the first MTP joint. Hallux valgus
refers to lateral deviation of the great toe at
the first MTP joint. These two deformities are
intimately connected and may combine to
cause pain with shoewear and impaired func-
tion of the first MTP joint.

Because of the high demands placed on the
foot by athletes, problems with painful defor-
mities can be significant. Athletes have shoe-
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wear considerations that may predispose to
developing hallux valgus and causing bunion
pain. The treatment of bunions is different
for athletes and the general population.

Pathogenesis

The first metatarsal head has no muscular
insertions but is stabilized by the ligaments
about the first MTP joint. Valgus deviation of
the proximal phalanx can cause the distal
metatarsal to shift into varus. The medial
capsule of the MTP joint and medial collateral
ligament stretch and weaken, and the lateral
side of the joint contracts. The pull of the
adductor hallucis laterally translates the base
of the proximal phalanx.

The lines of action of the flexor and ex-
tensor hallucis longus tendons are displaced
laterally to the center of the first MTP. They
then become less efficient plantarflexors and
dorsiflexors, acting to further pull the toe into
valgus. The first metatarsal head shifts medi-
ally, but the sesamoid apparatus remains in
place, anchored by the transverse metatarsal
ligament to the second metatarsal. The me-
dial sesamoid can impinge on the cresta
under the metatarsal head, and the lateral
sesamoid can slip further dorsolaterally along
the side of the metatarsal head. This change
is accompanied by progressive pronation of
the great toe.

Etiology

Hallux valgus and bunions develop as the
result of an interaction between extrinsic and
intrinsic factors. The most significant ex-
trinsic factor is shoewear. It is well recog-
nized in the general population that shoes
with a narrow toebox and elevated heels
worn over a period of years are associated
with the development of hallux valgus and
painful bunions. Other extrinsic factors in-
clude certain activities that increase lateral
stress against the great toe and trauma to the
first MTP joint, which alters normal joint
function.

Intrinsic factors are anatomic and in some
cases are determined by inheritance. They
include metatarsus primus varus, a short first
metatarsal relative to the second, and hyper-
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mobility of the first metatarsocuneiform joint.
Generalized ligamentous laxity or hyperpro-
nation of the foot can lead to incompetence of
the medial capsule of the first MTP joint,
causing deformity.

Adolescents with hallux valgus have been
recognized to be a population distinct from
the usual patients with hallux valgus, who
are most commonly middle-aged women
(Coughlin, 1993a; Zimmer et al., 1989). Ex-
trinsic factors such as shoewear are less im-
portant in young patients because their feet
have not spent as much time exposed to
deforming effects. Rather, intrinsic anatomic
considerations have a greater role in the
adolescent.

Athletes, because of their relative youthful-
ness, resemble the adolescent population
with bunions. Factors similar to those during
adolesence are important factors for causing
hallux valgus in athletes. Therefore treatment
of the athlete with hallux valgus is more like
that for juvenile patients than for the general
population.

Certain injuries are known to lead to hallux
valgus. Repetitive episodes of turf toe may
weaken the medial joint capsule and collat-
eral ligament in addition to the plantar plate.
Dislocation of the first MTP can also damage
the medial ligaments. Excision of the medial
sesamoid after a fracture predisposes to
hallux valgus.

Many sports require activities that increase
stress along the medial side of the forefoot,
eventually causing hallux valgus. Even when
participation in these sports does not lead to
hallux valgus, the method of performing
them may be a contributing factor (Einars-
dottir et al., 1995). A pronated or abducted
foot position concentrates a greater force on
the medial side of the forefoot.

Sports activities that put the toe ‘at risk’ are
varied and include squatting as a baseball
catcher, crouching as a football lineman,
working in the demipointe position as a ballet
dancer, using skating technique as a cross-
country skier, and distance running if the
athlete has a pronated foot. Pushing off the
planted foot produces a valgus force and
occurs while serving in tennis, pitching a
baseball, putting the shot, and bowling.
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Shoewear also has an effect on athletes.
The shoe is an important interface between
the foot and its environment. A snug fit is
desirable to have the most positive proprio-
ceptive feedback, or “feel,” and the most
efficient energy transfer from the foot to the
surface. If the shoe or boot is not properly
sized, a snug fit about the midfoot and hind-
foot may be accompanied by tightness in the
forefoot, leading to valgus pressure on the
great toe. Careful fitting is especially impor-
tant for those with wide forefeet and narrow
hindfeet. It is important to remember that
most athletes spend most of their time in
recreational shoes, and if these shoes are
illfitting they can cause forefoot deformities.

Clinical Presentation

The athlete with a bunion complains of pain
over the medial eminence that may be accom-
panied by redness and swelling. For most,
symptoms occur while wearing shoes and are
relieved by going barefoot. Initial treatment is
to alter the shoewear so the deformity and
irritated areas can be accommodated. As the
problem persists, there may be pain even
when the individual is barefoot or wearing
shoes with a larger toebox.

Other problems can develop owing to dis-
ruption of the normal biomechanics of the
joint. With contraction of the capsular liga-
ments that accompanies the deformity,
motion of the MTP joint can be limited.
Abnormal position of the sesamoids, subluxa-
tion of the phalanx laterally, pronation of the
great toe, and pain combine to limit the
function of the MTP joint. All of these situa-
tions can cause weakness on push-off that
impairs athletic performance.

The stresses that are normally passed
through the first ray may be shifted laterally,
causing transfer lesions in the second and
third rays: transfer metatarsalgia, intractable
plantar keratoses (IPKs), stress synovitis, and
hammertoe deformities (Baxter, 1994).

The physical examination determines areas
of tenderness, not just in the first ray but in
the whole forefoot. Any other deformities,
such as hammertoes or bunionettes, and any
sites of pressure buildup (IPKs, corns over
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the toes) are noted. The range of motion of
the first MTP joint, in particular, is important
to evaluate. Pronation of the great toe should
be obvious, although quantification is not
practical.

Hypermobility at the first metatarsal-
cuneiform joint can be assessed by moving
the first and second rays against each other in
the dorsoplantar direction. This qualitative
measurement can be performed on the oppo-
site side and the results compared. Often this
problem is noted in athletes with joint laxity
who have transfer metatarsalgia.

Radiography

Radiographs of normal subjects demonstrate
a valgus orientation of up to 15 degrees at the
first MTP joint. Additionally, the longitudinal
axes of the first two metatarsals (intermeta-
tarsal 1-2 angle) normally diverge less than 9
degrees. These measurements are the two
most important ones made from a weight-
bearing AP radiograph (Fig. 4.10). Patients
with a mild hallux valgus deformity have a
hallux valgus angle of less than 20 degrees
and an intermetatarsal 1-2 angle of less than

Ficure 4.10. Hallux valgus measurements. The
hallux valgus (first MTP) angle and the intermeta-
tarsal 1-2 angle are shown.
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11 degrees. The deformity is graded as mod-
erate if the hallux valgus angle is between 20
and 35 degrees with an intermetatarsal 1-2
angle of 12 to 15 degrees. With greater an-
gles, severe hallux valgus is present.

Other assessments are made from the ra-
diographs. Congruency and the angulation
of the joint surface are determined from the
AP weight-bearing radiograph. The orienta-
tion of the articular surface of the first meta-
tarsal head relative to the longitudinal axis of
the metatarsal is termed the distal metatarsal
articular angle (DMAA). The DMAA indi-
cates the angulation of the patient’s joint,
which must be considered with the congru-
ency of the joint surfaces for surgical plan-
ning (Vittetoe et al., 1994). Distal metatarsal
osteotomy procedures, such as a chevron
procedure, alter the DMAA but have limited
effect on joint congruency (unless an ad-
ductor tenotomy is performed). Conversely,
a distal soft tissue procedure such as the
modified McBride technique, alters joint con-
gruency but not the DMAA, unless combined
with a proximal metatarsal osteotomy.

The hallux valgus interphalangeus angle
refers to the angle between the long axes of
the proximal and distal great toe phalanges.
With some deformities a major component of
the hallux valgus is distal to the MTP joint,
which is reflected in a large hallux valgus
interphalangeus angle.

The relative length of the first two meta-
tarsals is also considered. When the second
metatarsal is longer than the first, osteo-
tomy of the first metatarsal would probably
increase the disparity and can predispose
to the development of transfer meta-
tarsalgia. The position of the sesamoids
relative to the metatarsal head is useful for
determining medial translation of the head;
and it indicates the degree of correction
required to restore the normal biomechanics
of the MTP joint. Radiographic evidence
of arthritis—joint space narrowing, osteo-
phytes, subchondral cysts, sclerosis—must
be noted, as it influences selection of the
surgical procedure.

The base of the metatarsal should also be
examined, especially if there is a large inter-
metatarsal 1-2 angle. In some patients there
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is a facet on the lateral side of the proximal
metatarsal shaft that articulates with the base
of the second metatarsal. In these instances,
the intermetatarsal angle cannot be corrected
except by osteotomy of the base of the first
metatarsal. The first metatarsocuneiform
joint is assessed for arthritis. It is difficult to
assess laxity at the joint radiographically, and
the importance of the joint’s orientation is
unclear in regard to the genesis and treat-
ment of hallux valgus.

Nonoperative Treatment

Nonoperative treatment must fail before sur-
gery is contemplated. Because most patients
have bunion pain when wearing shoes,
changing and modifying shoewear is the
mainstay of initial treatment. Proper fit is
important, and refitting with a looser toebox
should be attempted. As the two feet of the
same individual are often of different size, it
may be necessary to use different sized
shoes. If this measure is unsuccessful, small
pads placed around the bunion may provide
adequate relief. Some shoes and boots can be
modified by pressing out an area over the
tender prominence.

Orthotic devices inserted into the shoe are
widely prescribed for foot ailments. They
may be helpful for the athlete with hallux
valgus, who has pronation as a significant
predisposing cause. A composite longi-
tudinal arch support of plastizote can pro-
vide satisfactory medial support, relieving
symptoms.

Operative treatment of hallux valgus and
bunions can lead to restriction of first MTP
joint motion. In athletes who require a large
range of MTP joint motion (ballet dancers,
sprinters, high jumpers) nonoperative treat-
ment should be continued longer than would
be the case for others who may not have the
same demands (e.g., skiers) (Lillich and
Baxter, 1986).

Operative Treatment

The symptomatic bunion that has failed an
adequate course of nonoperative treatment
should be considered for surgery. The preo-
perative evaluation of hallux valgus involves
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a thorough understanding of the athlete’s
particular deformity based on the physical
examination and radiographic evaluation, as
well as the demands placed on the foot by the
athlete’s activities. The athlete must be in-
cluded in the decision-making process so as
to avoid unreasonable expectations by both
physician and athlete.

The high demands placed on the first MTP
joint by the athlete may exceed the ability of
soft tissue repairs to maintain stability.
Therefore as when treating adolescent hallux
valgus, it is prudent to use bone procedures,
rather than soft tissue corrections alone.

Mild deformity can often be treated with a
simple bunionectomy if the toe is in good
alignment (Kitaoka et al., 1991). With mild or
moderate deviation of the toe, a chevron
bunionectomy is best (Baxter, 1994; Hattrup
and Johnson, 1985; Jones et al., 1995). The
modified McBride distal soft tissue procedure
can be used if there is joint incongruity, but it
may be associated with an increased risk of
recurrence if the patient continues to place
high demands on the foot.

Moderate to severe hallux valgus usually
requires a modified McBride distal soft tissue
procedure combined with a proximal meta-
tarsal osteotomy to realign the first and
second metatarsals (Mann and Coughlin,
1993a). In some instances of severe hallux
valgus, particularly if there is MTP arthritis, it
is necessary to arthrodese the MTP joint. This
procedure may significantly diminish the pa-
tient’s ability to participate in sports.

If there is significant hallux valgus inter-
phalangeus, a proximal phalangeal medial
closing wedge osteotomy can be added to
correct this component of the deformity. Hy-
permobility or arthritis at the first metatarsal-
cuneiform joint may require an arthrodesis of
the joint.

Simple Bunionectomy
Technique

1. After anesthesia has been administered, a
4 cm medial longitudinal incision is made,
centered over the bunion in the midaxial
line to prevent damage to the superficial
nerves. After elevating small dorsal and
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plantar flaps, the medial MTP joint capsule
is exposed.

2. A longitudinal incision is made in the
capsule in line with the skin incision. The
capsule is elevated from the medial emi-
nence, exposing the medial sulcus.

3. A small oscillating saw is used to excise the
medial eminence, beginning distally at the
level of the sulcus and extending proxi-
mally in line with the first metatarsal shaft.
If this cut is too shallow a beak of bone is
left medially, and if it is too deep the
medial metatarsal may be notched. A small
rongeur or rasp is used to smooth the
edges of the osteotomy.

4. Redundant medial capsule is excised, and
the capsule is then closed securely with
interrupted 2-0 absorbable sutures. The
subcutaneous tissue is also closed with
absorbable 3-0 sutures. The skin is closed
with a 3-0 running nonabsorbable suture.

Postoperative ~ Management. The foot is
wrapped with a soft dressing that supports
the toe, and immediate weight-bearing in a
postoperative shoe is allowed. The dressing
is changed at 1 week. At 2 weeks the sutures
are removed, and the patient is allowed to
wear a canvas tennis shoe. Passive range of
motion exercises are then encouraged to max-
imize dorsiflexion. Power walking is allowed
after 4 weeks and full return to athletic activ-
ities after 6 weeks.

Chevron Bunionectomy
Technique

1. After appropriate anesthesia and under
tourniquet control a 5 cm medial longitu-
dinal incision is made, centered over the
bunion in the midaxial line to prevent
damage to the superficial nerves. Small
dorsal and plantar flaps are developed,
and the MTP joint capsule is exposed.

2. The medial capsule is entered with an
L-shaped incision. The long limb of the
incision runs parallel to the skin incision in
the superior third of the capsule. At the
proximal end of the medial eminence the
second limb of the incision runs perpen-
dicular to the skin incision until the emi-
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nence is exposed. This capsular flap is re-
flected plantarward, and the remaining
capsule superiorly is elevated until the en-
tire eminence and medial sulcus are free.

. The medial eminence is removed with an
oscillating saw, entering the medial emi-
nence 1 mm medial to the sulcus and
extending proximally so it exits the bone
immediately behind the eminence.

. An adductor tenotomy is made with a no.
15 blade directed through the joint while
longitudinal traction is placed on the toe,
distracting the joint space (Fig. 4.11A). The
toe is then forced into a varus position to
verify that the tenotomy is completed.

B
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Lateral incisions or stripping of the lateral
joint capsule in combination with a distal
metatarsal osteotomy can devascularize
the metatarsal head, leading to avascular
necrosis, and so should be avoided.

. The chevron cut is then made in the meta-

tarsal head. The medial eminence excision
leaves an exposed area of cancellous bone,
and the apex of the chevron cut should be
placed in the center of this cancellous bone.
The oscillating saw makes the V-shaped cut
with an angle of approximately 70 degrees.

. The head fragment is separated from the

shaft, translated laterally 3 to 4 mm, tipped
into slight varus, and manually impacted

Ficure 4.11. Chevron bunionectomy. (A) Adductor tenotomy is performed through the MTP joint with
the scalpel. (B) Osteotomy with the apex in the center of the first metatarsal head.
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on the metatarsal. A V-shaped shelf of
distal metatarsal is left exposed medially
and is cut flush with the oscillating saw so
the medial border of the osteotomy is a
smooth surface.

7. The osteotomy is then secured (Fig. 4.11B).
If there is any question about stability, a
K-wire or small fragment screw can be
used to rigidly stabilize the osteotomy.
Usually, however, the soft tissue closure
provides adequate stability. A dorsal-to-
plantar drill hole is made in the distal
metatarsal shaft medially. After trimming
the dorsal 2 to 3 mm of the plantar capsular
flap, a no. 1 chromic suture is passed first
through the drill hole and then through
the plantar flap, directed inside-out and
then outside in. The suture is securely tied
while the toe is held in a slight varus and
plantar position. This maneuver fixes the
capsule, holding the metatarsal head over
the sesamoids, and maintains the posi-
tioning of the osteotomy.

8. The capsule and subcutaneous layer are
then closed securely with interrupted
stitches of 2-O absorbable sutures, and the
skin is closed with a running stitch of 3-0
nonabsorbable suture.

Postoperative Management. A soft dressing is
applied to support the forefoot and great toe
in the slightly overcorrected position. Ambu-
lation with full weight-bearing is started im-
mediately after surgery. The dressing is rou-
tinely changed at 1 week after surgery, and
the foot is rewrapped with a dressing to
support the toe. A second dressing change at
2 weeks allows suture removal.

A supportive dressing is usually kept in
place for 3 to 4 weeks, and then a canvas
tennis shoe is worn. The medial pressure on
the great toe shifts it out of varus into normal
alignment. Passive range-of-motion exercises
are encouraged to maximize dorsiflexion.
Vigorous athletic activities should be avoided
until 8 to 10 weeks after surgery.

Modified McBride Bunionectomy
Technique

1. Appropriate anesthesia is administered
and a tourniquet used. A 3 cm dorsal
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longitudinal incision is made at the base of
the first web space and the adductor
tendon identified at its attachment into the
proximal phalanx. This tendon is released
and the intermetatarsal ligament divided,
taking care not to damage the closely un-
derlying neurovascular bundle.

2. The lateral sesamoid is freed by a longitu-
dinal incision in the first MTP joint capsule
immediately superior to the lateral sesa-
moid. The capsule above this point is then
fenestrated in multiple spots with a no. 15
blade, and the toe is gradually forced into
varus, gently tearing the capsule through
the fenestrations in a controlled fashion.

3. Sutures are then placed through the prox-
imal adductor tendon, medial second MTP
capsule, and lateral first MTP capsule at
the level of the metatarsal head but are not
tied until later.

4. A 4 cm longitudinal incision is then made
over the medial eminence, and an
exostectomy is performed. There are im-
portant differences in technique between
this operation and a simple bunionectomy.
The capsule should be entered with a V- or
L-shaped incision, rather than a simple
longitudinal incision, because the medial
capsule must be tightened during this pro-
cedure. The osteotomy should not be
made in the medial sulcus but, rather, 1
mm medial to it. If too much bone is
excised medially, overcorrection pro-
ducing a hallux varus may result. A small
rongeur or rasp is used to smooth the
edges of the osteotomy.

5. The medial capsule is tightened and imbri-
cated, holding the toe straight on the meta-
tarsal. The sutures in the web space are
tied as pressure is placed across the fore-
foot against the first and fifth metatarsal
heads. The wounds are closed in layers as
described above.

Postoperative Management. A soft dressing is
applied to support the toe, and immediate
weight-bearing is allowed. The dressing is
routinely changed at 1 week after surgery
and the foot rewrapped with a dressing to
support the toe. The sutures are removed at 2
weeks. A supportive dressing is usually kept
in place for 4 to 6 weeks, and then a canvas
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tennis shoe is worn. Range of motion exer-
cises are started when the dressings are re-
moved to maximize dorsiflexion. Vigorous
athletic activities should be avoided for 8 to
10 weeks after surgery.

Basilar First Metatarsal Osteotomy

The basilar first metatarsal osteotomy is
added to the modified McBride distal soft
tissue release if the intermetatarsal angle is
more than 14 degrees. The osteotomy cor-
rects the metatarsus primus varus compo-
nent of the deformity. A basilar osteotomy
should not be performed with a distal meta-
tarsal osteotomy (e.g., a chevron bunionect-
omy), as the proximal and distal cuts may
render the shaft nonvascular.

Technique

1. The modified McBride procedure is per-
formed as discussed above, to the point
where the medial eminence has been
resected.

2. A 3 cm longitudinal incision is made over
the dorsomedial base of the first metatarsal
and continued medial to the extensor
hallucis longus tendon down to the bone.
The base of the metatarsal is exposed
subperiosteally.

3. Use a crescentic saw blade to make an
osteotomy 1 cm distal to the metatarsocu-
neiform joint. The blade is oriented such
that the concavity is proximal and the long
axis of the saw is perpendicular to the sole
of the foot. If the axis is kept perpendicular
to the metatarsal, the distal shaft elevates
as it is pivoted about the osteotomy.

4. Free the osteotomy, which allows the shaft
to be pivoted with lateral pressure directed
against the metatarsal head. Carefully
translate the metatarsal laterally; depres-
sion or elevation must be avoided.

5. Provisional fixation with a K-wire allows
assessment of the position, and radio-
graphs or fluoroscopic examination can
verify satisfactory alignment. Final fixation
is performed using a 3.5 mm cortical lag
screw inserted from distal dorsomedial to
proximal plantarlateral. The screw is coun-
tersunk, and care must be taken to prevent
the dorsal cortex from cracking. An addi-
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tional K-wire may be left in place to im-
prove the initial stability of the osteotomy.

6. The modified McBride procedure then
continues with closure of the medial MTP
joint capsule and tightening of the sutures
in the first web space, followed by closure
of the wounds.

Postoperative Management. Postoperative care
is similar to that used for the modified Mc-
Bride procedure, except that if rigid stabiliza-
tion of the osteotomy has not been achieved,
protection in a short-leg walking cast for up
to 4 weeks may be needed.

Proximal Phalangeal Medial Closing Wedge
Osteotomy

Proximal phalangeal medial closing wedge
osteotomy is a useful adjunctive procedure
that can correct the hallux valgus interpha-
langeus component of the deformity (Fig.
4.12). When used in conjunction with a
simple bunionectomy, it is referred to as the
Akin procedure, a combination that has been
found wanting for treatment of a standard
hallux valgus deformity. However, it may be
used successfully in combination with a
chevron or modified McBride bunionectomy
to correct a deformity distal to the MTP joint.

Technique

1. The medial longitudinal incision is ex-
tended to the interphalangeal joint of the
great toe, and the proximal phalanx is
exposed by subperiosteal elevation.

2. A transverse osteotomy is performed in
the proximal third of the phalanx with an
oscillating saw, being careful not to cut
completely across the lateral cortex. A
second cut is then made, starting distally 3
to 5 mm and directing the saw at an angle
to the point where the first cut ended
laterally, again avoiding cutting com-
pletely across the lateral cortex. This ma-
neuver leaves a lateral hinge, which im-
proves the stability of the osteotomy.

3. The wedge of bone (Fig. 4.12B) is re-
moved, and a small drill point is used to
make corresponding holes through the
medial cortices of the proximal and distal
sides of the osteotomy. A 3-0 nylon suture
is passed through these holes.
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Ficure 4.12. Akin procedure. (A) Preoperative phalanx, showing the segment of bone to be
radiographs showing the hallux valgus interpha- removed. (C) Postoperative radiograph showing
langeus. (B) Wedge osteotomy in the first proximal ~ the osteotomy in the first proximal phalanx.
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4. The osteotomy is then closed with con-
trolled varus pressure on the toe, and the
nylon suture is securely tied. A K-wire can
be inserted across the osteotomy and MTP
joint if more stability is needed. Radio-
graphs demonstrate the correction (Fig.
4.12C).

5. The wound is closed, and aftercare is per-
formed as for the accompanying chevron
or modified McBride bunionectomy.

First MTP Arthrodesis

A first MTP arthrodesis is useful for severe
hallux valgus, first MTP arthritis, end-stage
hallux rigidus, or as a salvage operation for a
failed bunionectomy. It significantly alters
the function of the first ray by converting a
mobile joint to a fixed one. However, a mo-
bile joint that is painful is less functional than
a pain-free, arthrodesed joint.

Some recreational athletes can run and
jump satisfactorily after arthrodesis, but all
who are considering the surgery must under-
stand that they may be trading relief of pain
for a significant loss of function as a result of
the procedure. Therefore the indication for
the procedure in an athlete is pain unrelieved
by nonoperative or other surgical means. It
must be considered a salvage procedure.

Hallux Rigidus

Hallux rigidus is an affliction of the great toe
MTP joint that causes limitation of motion
and pain. Symptoms are similar to those
caused by osteoarthritis; and although hallux
rigidus may progress to arthritis, initially the
joint surfaces are normal. Hallux rigidus can
significantly disrupt the function of the first
MTP, making athletic activities difficult. It
has been recognized as a particularly dis-
abling conditin in dancers.(Howse, 1983;
Sammarco, 1982).

Etiology

The etiology of hallux rigidus is uncertain. It
has been known to follow trauma to the first
MTP joint, such as fracture, dislocation, or
sprain (Mann and Clanton, 1988, Sammarco
and Coughlin, 1993a). Other causes have
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been postulated, all which increase stress
across the first MTP metatarsophalangeal
joint and can lead to arthitis (Mann and
Haddad, 1988; Hawkins and Haddad, 1988).
They include an elongated or dorsiflexed first
metatarsal, osteochondritis of the first meta-
tarsal head, and a posterior position of the
sesamoids. Abnormal biomechanics caused
by tightness of the plantar structures may
cause impingement on the dorsal metatarsal
by the base of the proximal phalanx (Fig.
4.13), leading to cartilage erosion (McMaster,
1978).

Clinical Presentation

Hallux rigidus presents as an insidious de-
crease in great toe motion that inhibits the
ability to perform usual activities. The condi-
tion usually affects one toe, but it may be
bilateral. It may occur in any age group
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Fiure 4.13. Hallux rigidus. (A) Relation of the
metatarsal, phalanx, and sesamoid with the toe
straight. (B) Normal gliding of the MTP joint
during dorsiflexion pulls the sesamoid distal with
the phalanx. (C) Restricted motion with hallux
rigidus. Dorsal impingement occurs during at-
tempted dorsiflexion owing to tightness of the
plantar structures.
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and has been described in adolescents and
adults (Thompson and Mann, 1993).

Pain heralds progression of the disorder,
resulting from dorsal impingement of the
base of the phalanx against the metatarsal
joint surface. Abnormal biomechanics con-
vert the normal gliding of the congruent
surfaces into a pinching motion at the
dorsum of the joint (McMaster, 1978). This
theory is supported by surgical findings of
erosion of the cartilage surface about the
dorsal one-third of the metatarsal head.

A dorsal prominence develops in many
athletes caused by exostoses on the meta-
tarsal head. This situation can lead to a dorsal
bunion caused when the shoe rubs over the
prominence and soft tissue swelling results
(Fig. 4.14).

After the cartilage has been damaged, ar-
thritis may develop, leading to further dete-
rioration of the joint. Motion decreases, ac-
companied by increased pain. As the first
MTP loses its normal function and dorsifle-
xion becomes limited, performance decreases
as the gait is altered. It particularly affects
toe-off, when maximum dorsiflexion is re-
quired. A decrease in push-off power affects
activities as varied as running, jumping,
bowling, golfing, and cross-country skiing.
The forward progression of weight-bearing
during stance is thrown laterally, and in-
creased stress is placed on the second and
third MTP joints, often leading to transfer

4. Forefoot

metatarsalgia with pain and plantar callus
formation.

Radiography

The lateral radiograph of the foot is usually
diagnostic of hallux rigidus (Fig. 4.15). Early
in the course of the disorder, radiographs
may demonstrate a normal joint or only slight
squaring of the edges of the metatarsal head
on the AP view. With progression, the radio-
graphs show osteophyte formation, first
along the dorsum of the metarsal head fol-
lowed by changes at the phalangeal base. The
dorsal osteophyte often starts as a small point
that then develops into a curving ram’s horn
shape. Eventually, the loss of joint space and
the appearance of subchondral cysts indi-
cates that secondary arthritis has occurred.

Nonoperative Treatment

When hallux rigidus first appears, the most
common complaint is the limitation of great
toe motion. Pain usually develops later. Most
athletes benefit from an active and passive
stretching program to maintain, and possibly
increase, their existing motion. This program
becomes less effective as the condition
progresses.

Appropriate shoes or shoes with modifica-
tions should be selected. A stiff-soled shoe or
a shoe with a fiberglass or steel sole incorpo-

Ficure 4.14. Hallux rigidus
with a dorsal bunion. Note
the prominent dorsal bunion
with corn formation.
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Ficure 4.15. Hallux rigidus. Note
the dorsal osteophytes off the
metatarsal head and base of the
proximal phalanx, which cause
the dorsal bunion.

rated limits motion at the MTP joint. Obvi-
ously, it is important that the stiffened area of
the shoe correspond to the MTP area. Some
patients with hallux rigidus are mistakenly fit
with hard, functional orthotic insoles that run
from the heel to just proximal to the ball of
the foot. These may aggravate symptoms
because although they control the hindfoot
and midfoot they permit unrestricted motion
at the MTP joint.

Stiffening the sole of the shoe may eliminate
pain at a cost of reduced function. A rocker
bottom can be added to some sport shoes to
allow a rolling action that mimics motion of
the foot during stance. This modification is
not feasible for many sports, however.

Significant dorsal bunions can be treated
with pads or thicker socks to prevent irrita-
tion by the top of the shoe or by wearing a
shoe with a higher toe box. It may be neces-
sary to cut out the area over the prominence;
with some shoes, particularly leather ones, it
is possible to put a balloon patch over the
prominence.

Nonsteroidal antiinflammatory medication
can be helpful in eliminating pain and irrita-
tion. In most athletes, intraarticular cortisone
injections are contraindicated for treatment of
hallux rigidus.

Operative Treatment

Cheilectomy is the surgical procedure of
choice for hallux rigidus without joint space
narrowing (Mann and Clanton, 1988). This
operation includes removal of osteophytes
from the joint and the dorsal third of the
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metatarsal head joint surface, which in-
creases motion by eliminating the site of
dorsal impingement. Debulking the joint ef-
fectively loosens the joint capsule, which
may help to restore congruent gliding of the
joint.

If there is significant arthritis, the proce-
dure may not be effective, and another
method to treat arthritis should be employed.
Such methods include resection arthroplasty
(Keller procedure), implant arthroplasty, or
arthrodesis, of which the latter is the only
appropriate one for active individuals
(Gould, 1981).

For the symptomatic joint that has become
arthritic, the best option for the active patient
is arthrodesis. At the expense of motion, this
technique produces a first ray that is strong
and can support push-off. When athletes are
presented with this option, their main
concern is usually how a further decrease in
MTP joint motion due to the arthrodesis can
be beneficial. These patients are advised that
in almost all cases the arthrodesis satisfacto-
rily relieves pain, which is the main indica-
tion for the surgery; and that when pain has
been relieved, they may be able to perform
activities that their present pain does not
allow.

In general, although some recreational ath-
letes may have decreased function, most
have improved function after arthrodesis. It
is possible to participate in running and
jumping activities, such as playing basketball
or volleyball, and even cross-country skiing
with a first MTP joint arthrodesis.

There are various methods for performing
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arthrodesis of the first MTP joint. In general,
the articular surfaces of the MTP joint are
removed and apposed with the toe held in a
functional position. Fixation is accomplished
with screws, plates, staples, or K-wires until
fusion occurs.

Cheilectomy
Technique

1. A general anesthetic is administered and a
thigh tourniquet applied. Alternatively, an
ankle block can be administered and an
Esmarch bandage used as a tourniquet at
the ankle.

2. A 4 cm dorsal longitudinal incision is made
over the first MTP joint, extending to the
bone medial to the extensor hallucis
longus tendon. The MTP joint capsule is
dissected medially and laterally to expose
any osteophytes on the metatarsal head or
base of the phalanx. Such osteophytes are
removed with a rongeur to restore the
normal contour of the bones.

3. An oscillating saw or osteotome is used to
remove the dorsal one-third of the meta-
tarsal head, directing the cut from the
articular surface proximally. The rongeur
is used to smooth the edges of this ostect-
omy. It should then be possible to pas-
sively dorsiflex the MTP more than 90
degrees.

4. If there is still a block to dorsiflexion, it
must be in the plantar soft tissue. Blunt
dissection of the flexor brevis from the
undersurface of the metatarsal may be
necessary to maximize MTP dorsiflexion.
However, this step may lead to postoper-
ative fibrosis and stiffening and is not
performed routinely.

5. The wound is closed in layers and a soft
dressing applied.

Postoperative Management. Immediate weight-
bearing is allowed in a postoperative shoe.
The stitches are removed after 10 to 14 days,
following which an aggressive program of
dorsiflexion exercises is instituted with the as-
sistance of a physical therapist. Athletic ac-
tivities should be avoided for 6 weeks after

surgery.
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First MTP Arthrodesis
Technique

1. A general anesthetic or ankle block is pro-
vided and a tourniquet used. A 5 cm dorsal
longitudinal incision is made over the first
MTP joint medial to the extensor hallucis
longus tendon. The MTP joint capsule and
periosteum of both the distal metatarsal
and proximal phalanx are split longitudi-
nally and elevated medially and laterally.

2. Determining the proper alignment for the
arthrodesis is critical, because it is the most
significant factor for subsequent function.
Most recommend fusion with the phalanx
in 30 degrees of dorsiflexion and 15 degrees
of valgus relative to the first metatarsal
shaft. Strictly following these guidelines of-
ten leaves the tip of the toe elevated, and
the great toe may rub against the second
toe. The functional alignment should be de-
termined for each foot such that the pad of
the great toe just rests against a flat surface,
and the toe should align itself with the long
axis of the second toe. Finally, the toenail
should be level, indicating proper rota-
tional alignment of the toe.

3. When the alignment has been determined,
the soft tissue at the joint is released so the
toe can be positioned in its functional
position. An oscillating saw is used to
make parallel planar cuts, first in the meta-
tarsal head 3 to 4 mm from the end of the
bone and then in the base of the proximal
phalanx. The phalangeal segment is usu-
ally firmly attached to the plantar capsule
and flexor brevis tendon and must be
sharply dissected free.

4. The two planar surfaces are apposed, and

the position of the toe is reassessed. If
further fine-tuning of the position is re-
quired, the correction is made with small
cuts on the metatarsal side.

5. If present, a medial eminence is removed
with the oscillating saw. A rongeur is used
to smooth any sharp edges and remove
osteophytes. Unless arthritic, the sesa-
moids are left alone.

6. Fixation: A 3.5 mm gliding hole is drilled
from the center of the metatarsal head cut,
directed proximally and laterally to just
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Ficure 4.16. First MTP arthrodesis with lag screw and plate fixation. (A) Lateral view. (B) Anteroposte-

rior view.

behind the medial eminence. Next, the toe
is held in proper alignment by temporary
fixation with a 0.062 inch K-wire. A 2.5
mm bit is then inserted into the proximal
end of the gliding hole, and a hole is
drilled into the proximal phalanx. A 3.5
mm cortical screw is inserted and tight-
ened. A one-third tubular plate centered

over the dorsum of the MTP is used as a
neutralization plate (Fig. 4.16).

7. After closing the wound in layers a soft
compressive dressing is applied.

Postoperative Management. Immediate weight-
bearing with a postoperative shoe is allowed.
The shoe is worn for at least 6 weeks. The
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sutures are removed after 10 to 14 days. If
there is any question about the rigidity of the
construct, the foot can be protected by non-
weight-bearing or a walking cast. Shoewear
is routinely advanced after 6 weeks. Walking
is the only activity allowed for 3 months, at
which time radiographs are obtained to en-
sure that fusion has occurred. At that point
activities can be advanced as tolerated.

Lesser Toes and Metatarsals

The lesser toes are affected by a number of
injuries and deformities that can cause pain
and limit athletic function. The most common
site is the MTP joint. Synovitis, capsular and
ligamentous tears with or without disloca-
tion, and avascular necrosis can occur acutely
or develop as the result of repetitive trauma.
With injury to the MTP joint, a hammertoe
may form that can cause pain in the ball of
the foot or in the toe itself. Similar problems
are found with clawing of multiple toes. Pain
arising between the MTP joints is likely due
to an interdigital neuroma. A stress fracture
of the metatarsal shaft can cause pain that is
perceived over the distal metatarsal.

Pressure areas can form on the plantar
surfaces of the MTP joints as well as on the
dorsum of the toes, particularly in the pres-
ence of a hammertoe or clawtoe deformity.
The lateral fifth metatarsal head can develop
a bunionette. The combination of tight shoes
and bony prominences often causes corns
and calluses that may be painful and limiting
for the athlete.

Anatomy

The lesser metatarsal shafts have three sur-
faces and provide the origin of the inter-
osseous muscles. The narrow metatarsal neck
flares into medial and lateral tubercles for
attachment of the collateral ligaments. The
metatarsal heads have condyloid articular
surfaces that extend more plantarward than
dorsally.

The great toe has two phalanges and one IP
joint, whereas there are three phalanges and
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two IP joints in each of the four lesser toes.
The proximal phalanx has a large base with
an oval articular surface and a flat head
with a trochlear articular surface. The middle
phalanx is shorter, and the distal phalanx
is quite small. Both of the distal phalanges
have trochlear articular surfaces. The primary
motion of the MTP joint is dorsiflexion,
whereas the proximal interphalangeal (PIP)
and distal interphalangeal (DIP) joints prima-
rily plantarflex.

The lesser toe MTP joints are stabilized by
strong ligaments (Johnston et al., 1994). The
fibrocartilaginous plantar plate is attached to
the base of the proximal phalanx and is the
strongest supportive structure. Proximally it
attaches to the metatarsal through the collat-
eral and suspensory glenoid ligaments. On
either side are attachments to the intermeta-
tarsal ligaments, and on the plantar aspect
are attachments to the flexor digitorum
longus tendon sheath and fibers of the
plantar aponeurosis.

The IP joints are supported by collateral
ligaments that extend from the head of one
phalanx to the base of the next (Sarrafian,
1983). Plantar plates are also present at the IP
joints and have attachments underneath for
the long flexor tendon sheath.

The extrinsic muscles are located in the leg,
with the extensors innervated by branches of
the peroneal nerve and the flexors innervated
by the posterior tibial nerve. The intrinsic
muscles of the foot are innervated by the
medial and lateral plantar branches of the
posterior tibial nerve. The flexor digitorum
longus acts through its tendinous attachment
onto the distal phalanx. The flexor digitorum
brevis tendons split into two slips at the level
of the proximal phalanx, and the long flexor
passes between them. They run together
until the middle phalanx where the short
flexor tendons attach to the plantar surface.

The extensor digitorum longus tendon
joins with the corresponding tendon of the
extensor digitorum brevis for toes 2, 3, and 4
at the level of the MTP joint, and both insert
into the extensor hood overlying the prox-
imal phalanx (Couglin, 1993; Sarrafian
and Topouzian, 1969). A central slip extends
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distally and attaches to the dorsum of the
middle phalanx, and two lateral slips extend
farther, converging to attach to the distal
phalanx. The extensor hood is anchored
proximally on both sides to the transverse
intermetatarsal ligaments and plantar plate
through the extensor sling. The fifth toe does
not have an extensor brevis tendon and has
an atrophic extensor hood.

The four dorsal interosseous muscles arise
from the shafts of metatarsals 2 to 5 and
abduct the toes relative to the axis of the
second ray (Sarrafian, 1983). The three
plantar interossei arise from metatarsals 3, 4,
and 5 and are toe adductors. The four lum-
bricals arise from the medial side of the long
flexor tendons to the lesser toes and attach
into the medial portion of the respective
extensor hood.

Extension of the MTP joint occurs through
action of the long extensor on the sling mech-
anism of the extensor hood (Sarrafian and
Topouzian, 1969). The PIP is extended by the
central slip of the long extensor, and the DIP
is extended by the terminal extension of this
tendon onto the distal phalanx.

The interossei and lumbrical muscles act to
plantarflex the MTP joints because their ten-
dons pass plantar to the axis of rotation of
these joints (Sarrafian, 1983). The lumbrical
also acts to extend the IP joints through its
insertion into the extensor hood. The PIP is
flexed by the short flexor and the DIP by the
long flexor.

The medial and lateral plantar branches of
the posterior tibial nerve originate in the
tarsal tunnel and pass into the foot, where
they provide motor branches to the intrinsic
muscles and sensory branches to the plantar
aspect of the foot. The medial division sup-
plies the area under the first three rays and
the tibial side of the fourth, with the re-
maining area innervated by the lateral
branch.

The common plantar digital nerves are the
terminal sensory branches of these nerves
and travel in the interval between the plantar
aponeurosis and the deeper flexor digitorum
brevis tendons; they extend distally. Each
nerve enters the interosseous space just prox-

97

imal to the metatarsal head and lies superfi-
cial to the intermetatarsal ligament. At this
level the nerve divides into digital branches
for each side of the corresponding web space.

Metatarsophalangeal Joint
Chronic Conditions

Sprains and Synovitis

The plantar plate is the primary plantar sta-
bilizer of the MTP joint (Coughlin, 1989,
1993b; Myerson and Shereff, 1989; Smith and
Reischl, 1988). Injury occurs after a misstep
or abrupt landing on the ball of the foot,
causing forced dorsiflexion of the toe. The
joint becomes irritated, and synovitis devel-
ops. The athlete can usually recall a particular
traumatic episode.

Chronic irritation can also lead to synovitis,
occurring most commonly in the second MTP
joint (Coughlin, 1989, 1993b; Smith and
Reischl, 1988). The second metatarsal is the
longest and in many people extends distal
to the first metatarsal. During toe-off at the
end of stance, the second MTP joint may
be chronically stressed, causing attritional
damage to the plantar plate. Other factors
can lead to a transfer of weight-bearing
through the second ray, including altered
biomechanics of the first MTP joint.

Clinical Presentation

The athlete is able to localize the pain to the
ball of the foot and describes weight-bearing
as uncomfortable. The toe and ball of the foot
usually appear normal with no evident
swelling or bruising. The MTP joint on the
plantar aspect of the foot can be pinched
between the examiner’s thumb and the
second or third finger dorsally. Tenderness
with the manuever identifies this point as the
site of pain. It is important to similarly pal-
pate the adjacent MTP joints and then the
intermetatarsal spaces to confirm the site of
maximum tenderness.

The stability of the MTP joint can be as-
sessed qualitatively. Stabilize the distal meta-
tarsal with one hand, and while grasping the
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proximal phalanx with the other attempt to
move them against each other in a dorsoplan-
tar direction (Fig. 4.17). This test has been
designated the drawer test (Thompson and
Hamilton, 1987). The manuever is also un-
comfortable in an athlete with MTP synovitis.

The interspaces about the MTP joint
should be carefully palpated to ensure that
the pain is not coming from an interdigital
neuroma. The first MTP joint biomechanics
are assessed to determine if an abnormality is
causing a transfer metatarsalgia (Coughlin,
1993b).

Radiography

Routine radiographs including an AP, lateral,
and oblique views are necessary to exclude a
fracture. Otherwise, in most patients with
synovitis or a sprain the radiographs are
unremarkable. The first MTP joint should be
evaluated and the relative lengths of the first
and second metatarsals assessed to deter-
mine if a short first ray may be contributing to
the lesser MTP problem through a transfer
metatarsalgia mechanism.

Nonoperative Treatment

Most athletes can be treated successfully with
a combination of activity limitation and oral

Ficure 4.17. Drawer test. Instability of the second
MTP joint is demonstrated with the drawer test.
Dorsal subluxation of the phalanx against the
stabilized metatarsal is demonstrated.

4. Forefoot

antiinflammatory medications. A stiff insole
placed under the MTP joint limits motion and
allows continuation of activities. Taping the
toe with a loop over the dorsum of the
proximal phalanx also stabilizes the toe
(Coughlin, 1993b). A toe crest is a stabilizing
device with an elastic loop that fits over the
proximal phalanx and can provide support.

HAPADS are a simple treatment that can
decrease the weight-bearing stress at the
MTP joint (Holmes and Timmerman, 1990).
They are felt pads with an adhesive backing
that are placed in the shoe just proximal to
the MTP joint, resting on the insole. The
athlete positions and adjusts them to obtain
optimal relief.

HAPAD Placement

1. The athlete is instructed to make a mark on
the point of maximal tenderness on the
ball of the foot with lipstick and then to
step barefoot into the shoe. The lipstick
marks the insole at the corresponding spot
and indicates proper placement of the
HAPAD. The pad is triangular and should
be placed on the insole with the broad base
located just proximal to the mark.

2. The athlete is instructed to remove only a
small section of the covering over the ad-
hesive initially, just enough to prevent
it from slipping. The patient then wears
the shoe for a few hours to determine if
the pad is in the correct position. It can
be moved about to obtain satisfactory
placement.

3. The entire covering is then removed from
the adhesive, and the HAPAD is fixed into
this position. The pad effectively transfers
the forces of weight-bearing proximal to
the MTP joint.

Hard orthotics that support the arch may
increase the stress on the MTP joint if they
end just proximal to the ball of the foot, and
their use should be discontinued during the
treatment phase for this problem.

Injection of corticosteroid should be with-
held except for the most recalcitrant cases
because of the possibility of weakening al-
ready irritated ligaments and inducing sublu-
xation or dislocation of the joint. Steroid
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injection should be used only after other
treatment has failed to provide relief and the
alternative treatment would be surgery.
Should the steroid injection cause ligament
rupture, it is treated surgically.

Steroid Injection

1. Injection of corticosteroid is done using a
25 gauge needle. A mixture 1 ml of 1.0%
lidocaine and 0.5% bupivacaine (Marcaine)
both without epinephrine, in a 1 ml aliquot
is partially infiltrated into the skin, and the
needle is then directed into the joint.

2. When the joint has been entered, the
needle is left in place while the syringe is
disconnected and a second syringe with
only 1 ml of corticosteroid is attached.
Usually 0.3 ml of the steroid is injected into
the joint. The syringe with the local anes-
thetic is then replaced on the needle, and
while continuing to gently infiltrate the
local anesthetic the needle is withdrawn.
This method ensures that the steroid is
injected only into the joint, and that none
is leaked into the subcutaneous tissue
where it may damage the fat or subcuta-
neous tissue.

3. The effect of the local anesthetic in the
joint is experienced for several hours. It
should block pain coming from the joint—
but only from the joint. Therefore this
therapeutic injection can also be used to
confirm the diagnosis. If there is pain
coming from any adjacent structures,
which would not have been blocked by
this injection, they can be identified sepa-
rately from the MTP joint.

Operative Treatment

Surgery is indicated when deformity has oc-
curred, the MTP is dislocated, or the pain
cannot be managed with nonoperative meth-
ods. A simple synovectomy can be per-
formed if there is no deformity or instability
at the MTP joint. Otherwise, a flexor-to-
extensor tendon transfer or collateral liga-
ment repair should also be added. Coughlin
(1993b) reported 71% good to excellent re-
sults after combined synovectomy and
tendon transfer in athletic patients.

99

Synovectomy
Technique

1. Synovectomy of the lesser MTP joints is
performed as an outpatient procedure
with a local or general anesthetic. An S-
shaped incision of approximately 2 c¢m is
made over the dorsum of the MTP joint. A
straight longitudinal incision should not be
used because it may cause a scar that can
contract and limit motion of the joint.

2. The extensor tendons are retracted to the
side, and the joint capsule is opened trans-
versely. With distraction on the toe the
joint can be opened and a small rongeur
used to débride the synovium.

3. The MTP joint capsule is approximated
with 3-0 absorbable suture, and the sub-
cutaneous layer and skin are closed sepa-
rately.

Postoperative Management. The foot is
dressed, and weight-bearing is allowed im-
mediately with a postoperative shoe. The
sutures are removed at 10 to 14 days, and
shoewear is advanced. At first, only walking
is allowed; after 2 weeks, however, full re-
turn to activities may begin.

Subluxation and Dislocation

If the MTP is more severely injured there may
be rupture of the collateral ligaments or the
plantar plate. If so, the joint is destabilized,
and the action of the long tendons on the toe
can cause the MTP joint to subluxate or
dislocate (Coughlin, 1989, 1993b; Myerson
and Shereff, 1989). It can occur acutely or
develop as the result of recurrent or repetitive
trauma to the forefoot (Smith and Reischl,
1988).

Clinical Presentation

With an acute injury there is significant
swelling sometimes accompanied by bruis-
ing. If a collateral ligament is torn, the toe
deviates away from the side of the torn
ligament (Fig. 4.18), and there appears to be
splaying between it and the adjacent toe. If
the plantar plate has ruptured, the toe can
dislocate dorsally. It may seen to be in proper
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Ficure 4.18. Metatarsophalangeal collateral liga-
ment injury. Rupture of the lateral collateral liga-
ment of the second MTP results in splaying be-
tween the second and third toes.

alignment, but an elevated attitude appears
with weight-bearing. Again there is swelling
of the ball of the foot and possibly bruising.
As the dorsally dislocated proximal phalanx
slips over the top of the metatarsal head, the
head is depressed, which may appear as a
prominence on the plantar surface. Later, as
the swelling decreases it may be possible to
manually relocate and dislocate the MTP with
the drawer test (Thompson and Hamilton,
1987). In instances where the metatarsal head
is caught between slips of the flexor tendon
or plantar plate, the joint may be irreducible.

Radiography

At a minimum, AP and lateral radiographs
must be taken to identify the deformity and
to ensure that there has not been a concom-
itant fracture. The lateral radiograph may be
difficult to interpret owing to overlapping
views of all the MTP joints. If subluxation is
present, the AP view may show the joint to
be incongruent, or the toe may be obviously
deviated to one side.

With a frank dislocation the AP radiograph
shows loss of the MTP joint with overlap of
the phalangeal base and metatarsal head.
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There may be lateral displacement of the
phalanx on the metatarsal.

Nonoperative Treatment

Rest, ice, elevation, and compression (RICE)
comprise the appropriate treatment for su-
bluxation if there is significant swelling. A toe
crest or toe taping in a reduced position can
maintain alignment. Subsequently, HAPADs
are used to transfer weight-bearing stress
proximally.

Operative Treatment

An acutely dislocated toe should be treated
immediately. Closed reduction under a 1%
lidocaine digital block is usually successful.
If there has been soft tissue interposition,
delay in treatment, or significant swelling,
closed reduction may not be possible or
may be unstable. In these cases an open
reduction with percutaneous K-wire fixation
is performed.

If the dislocation is long-standing or there
has been significant trauma to the soft tissue,
it may be impossible to maintain the reduc-
tion even with pin fixation. A Girdlestone-
Taylor flexor-to-extensor tendon transfer is
then used to provide stability (Barbari and
Brevig, 1984; Coughlin, 1993b).

Rupture of a collateral ligament with devi-
ation of the toe is treated by primary repair of
the ligament. With severe damage or a long-
standing deformity, a combination of Girdle-
stone-Taylor tendon transfer and release of
the tight structures on the opposite side of
the rupture is used.

Closed Reduction

1. To perform a closed reduction, a digital
block with a 25 gauge needle and 3 ml of
local anesthetic is used. The latter is in-
jected just proximal to the MTP joint on
both sides, both superficially and deep to
block both dorsal and plantar digital nerve
branches on either side of the MTP joint.

2. The toe is then grasped, with longitudinal
traction applied with one hand while the
other hand manipulates the proximal pha-
lanx back into a reduced position.
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3. The reduction is maintained by taping over
the dorsum of the proximal phalanx. A
postoperative shoe or other flat shoe
should be worn for 2 weeks. Shoewear can
be advanced.

Open Reduction. Dorsal dislocation of an MTP
joint that cannot be reduced closed is treated
by open reduction.

Technique

1. Appropriate anesthesia is provided, and a
tourniquet is used. The joint is approached
through a 2 cm S-shaped incision centered
over the MTP.

2. After retracting the extensor tendons, a
transverse dorsal capsulotomy is made
and the joint opened. Reduction is per-
formed, with longitudinal traction applied
through the toe.

3. The joint is distracted and inspected for
damage to the articular surface; loose bone
fragments within the joint may result from
marginal fractures at the time of injury.
Such fragments should be extricated me-
chanically or by irrigation.

4. If the joint appears stable, the wound can
be closed. If there is any concern about
stability the reduction is maintained with a
0.062 inch K-wire, which is inserted from
the tip of the toe through the phalanges
and across the MTP joint. The pin is left
protruding 5 mm through the skin so that
it can be subsequently removed.

5. In cases where the MTP joint has been
dorsally dislocated for an extended time,
the surrounding soft tissue may shorten,
having adapted to the dislocated position.
It may be necessary to perform Z-
lengthening of the extensor tendons to
accomplish reduction. Maintaining the re-
duction may also be difficult and require
stabilization other than a temporary K-
wire. The Girdlestone-Taylor flexor-to-
extensor transfer can be added to provide
additional stability.

6. After closure of the wound in layers, a soft
dressing is applied.

Postoperative ~ Management.  Immediate
weight-bearing is allowed with a postopera-
tive shoe. The skin sutures are removed after
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7 to 10 days, and the pin is removed after 2
weeks. A regular shoe is then worn, with
activities advanced until they are full and
complete by 4 weeks.

Girdlestone-Taylor Tendon Transfer

Technique. The technique is shown in
Figure 4.19.

1. A general anesthetic and a thigh tourni-
quet are used. A calf tourniquet or
Esmarch bandage at the ankle tends to
preferentially squeeze the long flexor mus-
cles of the calf and causes the toes to rest in
a clawed position. It is then difficult to
properly adjust the tension on the tendon
transfer to align the toe.

2. The MTP joint is exposed through a dorsal
2 cm S-shaped incision. The distal limb of
the incision extends onto the midproximal
phalanx, and the periosteum is exposed.

3. A second incision is made on the plantar
aspect of the toe longitudinally from the
distal flexion crease to 1 cm proximally.
Immediately below the skin the flexor
tendon sheath is opened for the length of
the wound. The flexor digitorum longus
tendon, which runs between the two limbs
of the brevis tendon, is grasped with a
small mosquito clamp and cut distally from
its insertion on the distal phalanx with a
#11 scalpel (Fig. 4.20).

4. The flexor digitorum longus tendon has a
medial raphe separating its two halves. It
is split distally with the scalpel, and with
small clamps placed on the two halves it is
separated by pulling them apart.

5. A small, curved clamp is tunneled against
the bone of the proximal phalanx from the
proximal incision to the distal one along
one side. One of the separated limbs of the
flexor longus tendon is grasped by the
curved clamp and pulled through to the
dorsal wound. The other limb is similarly
pulled up along the opposite side.

6. After reducing the MTP joint and main-
taning it with a longitudinal K-wire, the
two limbs of the flexor tendon are sutured
together over the top of the proximal pha-
lanx with 2-0 absorbable suture.

7. The wounds are closed in layers, and a soft
dressing is applied.



102

4, Forefoot

Ficure 4.19. Girdlestone-Tay-
lor flexor-to-extensor tendon
transfer. (A) Pathologic toe
with dorsiflexion at the MTP
joint and flexion at the PIP
and DIP joints. The flexor
(dorsal) and extensor (plantar)
tendons are indicated, as is
the extensor sling apparatus.
(B) Long flexor has been re-
leased from its attachment at
the distal phalanx, split, and
each half routed along one
side of the proximal phalanx
through to the dorsal wound.
(C) Toe is held straight by the
transferred long flexor ten-
don, whose two halves have
been sewn together over the
proximal phalanx. K-wire pro-
vides temporary fixation.

Ficure  4.20. Girdlestone-Taylor
flexor-to-extensor tendon trans-
fer. The long flexor tendon is
exposed and divided off the base
of the distal phalanx.
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Postoperative ~ Management.  Immediate
weight-bearing is allowed with a postopera-
tive shoe. The K-wire is kept in place for 2 to
3 weeks and then removed. Advancement to
a regular shoe and active range-of-motion
exercises are started. Athletic activities
should be deferred for 6 weeks after this
point, and a shoe with a stiffened forefoot
should be used for three additional months to
protect the repair.

Collateral Ligament Repair
Technique

1. A general anesthetic is provided and a
thigh tourniquet used. A 3 cm dorsal lon-
gitudinal incision is made in the web space
on the side of the ligament tear (between
the splayed toes).

2. The lateral joint capsule and collateral lig-
ament are contiguous structures and are
repaired together. A vertical elliptical inci-
sion is made through the joint capsule and
collateral ligament at the level of the MTP
joint. An ellipse of tissue of dimensions 1.0
x 0.5 cm is removed.

3. Two or three sutures of absorbable 3-0 are
placed in simple, interrupted fashion but
not tied.

4. A longitudinal 0.062 inch K-wire is drilled
to immobilize the MTP joint in neutral.
The sutures are then tied, and the wound
is closed in layers with a soft dressing
applied.

Postoperative Management. Weight-bearing
is allowed with a postoperative shoe. The
skin sutures and K-wire are removed after 2
weeks. Walking in a regular shoe is allowed,
and athletic activities are advanced 3 to 4
weeks after surgery.

Freiberg's Infraction

Freiberg’s infraction is an osteochondrosis of
the metatarsal head, most commonly in-
volving the second metatarsal but also seen
in the third and fourth metatarsals (Katche-
rian, 1994). The exact etiology is unknown,
but an assumed insult causes avascular ne-
crosis in the metatarsal head, leading to col-
lapse of the subchondral bone, deformity of
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the MTP joint, and finally arthritis. It has
been suggested that trauma, as a single event
or repetitive, is the insult. The second meta-
tarsal epiphysis is most vulnerable to trauma
during the early teen years, and it has been
proposed that microfractures caused by ab-
normal stress and bone fatigue leads to the
avascular necrosis (Braddock, 1959; Douglas
and Rang, 1981; Helal and Gibb, 1987; Kat-
cherian, 1994). A mechanism of dorsal im-
pingement due to incongruent joint move-
ment during dorsiflexion, similar to that seen
with hallux rigidus, has been proposed to
explain the traumatic insult (Helal and Gibb,
1987; Katcherian, 1994; McMaster, 1978). A
primary vascular deficiency may predispose
to the development of osteochondrosis
(Wiley and Thurston, 1981).

Clinical Presentation

Freiberg’s infraction occurs predominantly in
females and usually appears during the early
teenage years. The first symptom is pain in
the ball of the foot with weight-bearing (Helal
and Gibb, 1987; Katcherian, 1994). It is worse
with activities that require excessive dorsifle-
xion of the toes, and the athlete may com-
plain of limitation of motion in the involved
toe.

There is tenderness to palpation of the
involved MTP joint. There may be limitation
of dorsiflexion and pain with passive dorsi-
flexion. Swelling may develop secondary to
MTP joint synovitis.

Radiography

Radiographs obtained at the onset of symp-
toms may be negative, but subsequent
studies show a lucent crescent in the sub-
chondral bone of the metatarsal head. A bone
scan at this point shows increased uptake at
the involved metatarsal head.

Over time there may be progression, char-
acterized by collapse of the subchondral bone
with flattening of the metatarsal head seen
on an AP radiograph (Fig. 4.21). Later
osteophytes may form about the deformed
metatarsal head, and secondary adaptations
are found on the base of the proximal pha-
lanx as the joint becomes frankly arthritic.
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Ficure 4.21. Freiberg’s infraction. This radiograph
shows flattening of the second metatarsal head
with a crescent sign.

Several radiographic staging schemes have
been proposed, but they do not correlate
with prognosis or the patient’s symptoms
(Katcherian, 1994; Smilie, 1957; Thompson
and Hamilton, 1987).

Nonoperative Treatment

Nonoperative treatment should be used first
in all cases; and when started early it may
prevent subchondral bone collapse in the
metatarsal head and the development of ar-
thritis. During episodes of pain, a short-leg
walking cast or strict non-weight-bearing
may relieve symptoms.

After this initial treatment the MTP joint is
protected with a HAPAD or similar perma-
nent metatarsal pad built into the insole of the
shoe. A stiffened forefoot or rockerbottom
sole is used to decrease motion at the MTP
joint. Elevated heels should be avoided, as
they tend to increase stress at the MTP joint.

4. Forefoot

If the joint has a normal shape, prevention
of collapse is the prime concern. Activity
should be restricted if pain cannot be relieved
with shoe modifications. If collapse has al-
ready occurred, activity restrictions and oral
antiinflammatory medications can be used
for episodes of pain.

Operative Treatment

If osteophytes have formed and are limiting
MTP motion, a cheilectomy and joint débride-
ment can be performed to eliminate the
mechanical block (Katcherian, 1994; Mann
and Coughlin, 1993b). When cartilage has
been significantly affected or arthritis has
developed, a DuVries metatarsal head arthro-
plasty with or without volar plate interposi-
tion has been recommended (Lavery and
Harkless, 1992). Removal of the entire meta-
tarsal head alters weight-bearing across the
forefoot and can lead to intractable plantar-
keratoses under the adjacent metatarsal
heads. A dorsiflexion osteotomy of the meta-
tarsal neck to elevate the head and rotate the
more normal plantar joint surface against the
proximal phalanx was proposed by Gauthier
and Elbaz (1979) and modified by Kinnard
and Lirette (1989).

Cheilectomy
Technique

1. A general anesthetic is provided and a
thigh tourniquet used, or an ankle block
can be applied with an Esmarch bandage
at the ankle as a tourniquet. The joint is
approached through a dorsal S-shaped in-
cision and the extensor tendon is retracted
or Z-lengthened.

2. A dorsal MTP joint capsulotomy is per-
formed, and the metatarsal head and base
of the proximal phalanx are exposed sub-
periosteally medially and laterally.

3. A small rongeur removes osteophytes and
contours the head to a normal shape. The
toe is moved through a range of motion to
ensure that there is no remaining mechan-
ical block at the end of the procedure.

4. The cartilage on the phalangeal base and
metatarsal head is left intact. If it has been
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significantly damaged, a DuVries or inter-
position arthroplasty is performed.

5. The wounds are closed in layers, and a soft
dressing is applied.

Postoperative Management. Immediate weight-
bearing is allowed with a postoperative shoe.
The sutures are removed at 10 to 14 days, and
active and passive range of motion exercises
are started. Shoewear is also advanced. Ath-
letic activities may be resumed after 3 to 4
weeks.

Dorsiflexion Osteotomy of Metatarsal Neck
Technique

1. A general anesthetic is provided and a
thigh tourniquet used, or an ankle block
can be applied with an Esmarch bandage
at the ankle as a tourniquet. The joint is
approached through a dorsal S-shaped in-
cision, and the extensor tendon is retracted
or Z-lengthened.

2. A dorsal MTP capsulotomy is performed
and the metatarsal head and base of the
proximal phalanx are exposed subperioste-
ally medially and laterally.

3. A small rongeur removes osteophytes and
contours the head to a normal shape.

4. A closed dorsal wedge osteotomy is then
made in the head and neck (Fig. 4.22). The
proximal cut is made where the neck meets
the metatarsal head so it is perpendicular
to the long axis of the metatarsal. The
distal cut is made in the center of the defect
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in the metatarsal head, directed proximally
and inferiorly, at a 45 degree angle to the
sole of the foot.

5. The head fragment is then rotated over the
end of the metatarsal neck. A 0.062 inch
K-wire is used as a drill point to make
transverse holes in the dorsal head and
metatarsal. A single loop of 2-0 absorbable
suture is passed through the holes to sta-
bilize the head fragment.

6. After closure a short-leg walking cast is
applied.

Postoperative Management. Weight-bearing is
allowed after 3 to 5 days. The cast is removed
after 3 weeks, and a postoperative shoe worn
for 3 weeks more. Activities are then ad-
vanced as tolerated.

Hammertoes and Clawtoes

Hammertoes and clawtoes are common fore-
foot deformities in the general population
(Fig. 4.23). Their appearance and the dis-
ability they can cause have been well docu-
mented in a range of athletes, including run-
ners, dancers, and basketball players (Lutter,
1982; McDermott, 1993; Sammarco, 1982).
The terms hammertoe and clawtoe are
often used imprecisely to describe similar
common deformities that occur in the lesser
toes. According to Myerson and Shereff
(1989), both have extension at the MTP joint
and plantarflexion at the PIP joint. The
clawtoe also has a flexed posture at the DIP

A

B

Ficure 4.22. Dorsiflexion osteotomy of the meta-
tarsal head for Freiberg’s infraction. (A) The two
limbs of the osteotomy are indicated, as is the
dorsal wedge to be removed that includes most of

the pathologic bone (stippled). (B) Closure of the
osteotomy elevates the metatarsal head and
shortens the metatarsal.
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C

Ficure 4.23. Hammertoe, clawtoes, and mallet toe
deformities. (A) Hammertoe deformity. (B) Mul-
tiple clawtoes. (C) Mallet toe deformity.

joint, whereas the hammertoe is straight or
extended. Coughlin and Mann (1993) stated
that although both deformities have flexion at
the PIP joint, the hammertoe has extension at
the MTP, and the clawtoe does not. The
differences between these definitions are
probably not important clinically. A scheme
is offered that provides direction about the
management of these deformities based on
the site of pathology.

Pathogenesis

Hammertoes and clawtoes develop as the
result of several mechanisms that include
imbalance between the extrinsic and intrinsic
muscles, the effects of trauma, restrictive
shoewear, and incompetence of the liga-
ments about the toe. As a generalization, a
hammertoe can be considered to be caused

4. Forefoot

by a problem intrinsic to that toe, whereas a
clawtoe is the result of pathology acting on
the toe from a distance.

By this definition, when the pathology is
rupture of the plantar plate and loss of sup-
port about the MTP joint, the deformity that
results is a hammertoe. It can be caused by
trauma, in which case there is usually only
one toe involved, (though there may be
more) or by a disease process such as rheu-
matoid arthritis that damages many MTP
joints (Rau and Manoli, 1991). The pathology
is still in the the MTP joint.

Wearing shoes with a short toebox may
encourage the development of a hammertoe.
If there is inadequate room for the toe to rest
fully extended, it effectively shortens by
flexion of the MTP and PIP joints, taking the
attitude of a hammertoe. The plantar plate of
the MTP joint is stretched and, over time,
may become incompetent. There may also be
secondary contracture of the collateral liga-
ments and dorsal structures about the MTP
joint that adapt to the hammered position.

Clawtoe deformities are usually multiple
because the same extrinsic process affects
multiple toes (Barbari and Brevig, 1984).
Clawtoes are manifestations of an imbalance
between the extrinsic muscles of the leg and
the intrinsic muscles of the foot. When the
extrinsic muscles overpower the intrinsic
muscles, a clawed toe results. Intrinsic weak-
ness is seen with diabetic neuropathy,
compartment syndrome in the foot, or the
result of prolonged casting that leads to in-
trinsic wasting. Clawtoes (Fig. 4.24) may re-
sult from neuromuscular disorders, such as
Charcot-Marie-Tooth disease, and are associ-
ated with the cavus foot, whether congenital
or acquired.

Clinical Presentation

The abnormal anatomy of hammertoes and
clawtoes leads to several problems. The ele-
vated PIP joint can rub against the top of the
shoe, causing pain, a corn (Fig. 4.25), or an
ulcer. The end of the toe may strike the sole
of the shoe, causing a painful “end” corn.
With dorsiflexion at the MTP joint, pain and
pressure problems can develop under the ball
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Ficure 4.24. Clawtoes. There is clawing of all four
lesser toes.

of the foot. A single hammertoe may have a
discrete callus under it, termed an intractable
plantar keratosis (IPK).

Clawtoes are usually associated with more
diffuse callus formation. As all of the toes
dorsiflex, not only are the metatarsal heads
depressed but the normal fat pad under the
ball of the foot is drawn distally. This loss of
the normal cushioning under the metatarsal
heads can lead to pain and forefoot fatigue.

It is important to differentiate between
flexible and fixed deformities when consid-
ering treatment. Both hammertoes and claw-
toes start out flexible, meaning that they can
be passively corrected. Later the soft tissues
about the joints adapt to the abnormal posi-
tion, and these entities are now considered to
be fixed deformities.

Ficure 4.25. Hammered fifth toe with a dorsal
corn.
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Nonoperative Treatment

A flexible hammertoe can usually be treated
by depressing the proximal phalanx. A toe
crest has an elastic loop that fits over the base
of the toe, depressing the proximal phalanx.
The same effect can be obtained with a loop
of tape placed over the toe and anchored to
the ball of the foot. Shoes must have an
adequate toebox so the toe can fully extend
and not cause rubbing against the dorsum of
the PIP joint. If an IPK has formed under the
MTP joint, a HAPAD or insole with a meta-
tarsal pad placed just proximal to the MTP
can relieve the pressure there. Moleskin or
sponge pads can be placed over the PIP or
end of the toe to relieve corns.

Rigid hammertoes and clawtoes cannot be
treated with toe crests or taping. A HAPAD
may help relieve pain in or under the MTP
joint of a rigid hammertoe. Clawtoes usually
require a metatarsal pad across the entire
forefoot to relieve the weight on the ball of
the foot. Shoe accommodations to provide a
toebox with more room and pads to treat
corns can be useful.

Operative Treatment

A hammertoe that is flexible can be treated
with a Girdlestone-Taylor flexor to extensor
tendon transfer to rebalance the soft tissues
(Coughlin, 1993b). The deforming force of
the long flexor tendon that acts on the PIP is
released and converted to a conforming force
to depress the proximal phalanx and support
the MTP joint. Multiple Girdlestone-Taylor
procedures can be used to correct clawtoes
that are flexible (Barbari and Brevig, 1984).

Rigid hammertoe or clawtoe deformities
require bone resection at the PIP joint for
correction (Coughlin, 1989; Newman and Fit-
ton, 1979). The MTP joint must be consid-
ered; and if it has significant dorsiflexion,
release of the dorsal capsule combined with
extensor tendon lengthening should be per-
formed in addition to the bone resection at
the PIP joint.

Surgery on clawtoes and hammertoes
should be done with a thigh tourniquet and
not a calf tourniquet or Esmarch bandage at
the ankle. The flexor muscles in the calf are
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preferentially squeezed by a tourniquet at
this level, causing the toes to adopt a more
severely clawed position. It makes satisfac-
tory positioning of the surgically repaired
toes difficult.

Proximal Hemiphalangectomy
(PIP Arthroplasty)

Technique

1. A general anesthetic is provided and a
thigh tourniquet used. An elliptical inci-
sion is made over the dorsum of the PIP
(Fig. 4.26), being careful not to extend it
more than a one-third of the way plantar-
ward on either side of the toe to avoid
injury to the neurovascular bundles.

2. The collateral ligaments are divided along
the sides of the neck of the proximal pha-
lanx. A small bone cutter is used to make a
transverse osteotomy in the neck, re-
moving the distal 4 to 5 mm (Fig. 4.27).
Use a rongeur to smooth the edges that
remain.

3. Except in mild cases, an 0.062 inch K-wire
is used as an internal splint to maintain
alignment. It is drilled distally from the
base of the middle phalanx and then in
retrograde fashion into the medullary

Ficure 4.26. Proximal hemiphalangectomy of the
fifth toe. The head of the proximal phalanx is
exposed through a dorsal elliptical incision.

4. Forefoot

Ficure 4.27. Proximal hemiphalangectomy (PIP ar-
throplasty). The head of the proximal phalanx is
removed with a bone cutter through a dorsal
incision.

canal of the proximal phalanx. Unless there
is deformity to be corrected at the MTP
joint, the K-wire should not cross that joint.
The K-wire is cut just distal to the skin and
a plastic cover placed over the end.

4. Regardless of whether a K-wire is used,
the wound is closed with a vertical mat-
tress stitch of 4-0 nonabsorbable suture in
its center that incorporates the dorsal cap-
sule of the PIP joint and everts the skin
edges. Simple stitches are placed in the
skin on either side of this central mattress
stitch.

Postoperative Management. Immediate weight-
bearing is allowed with a postoperative shoe,
and the sutures are removed at 10 to 14 days.
If a K-wire is used it is removed at 2 to 3
weeks. Athletic activities can be resumed
after 4 weeks.

MTP Release

When there is dorsiflexion at the MTP joint, it
must be corrected. It is generally easier to re-
lease the MTP joint and then address the PIP
joint because the toe can be grasped and man-
uevered while working on the MTP joint.

Technique

1. A 2 cm S-shaped incision is made over the
dorsum of the MTP, and the extensor
tendons are identified and incised in a Z
fashion.
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2. The dorsal MTP capsule is cut transversely
and the toe plantarflexed. If it is still tight
the collateral ligaments of the MTP are
divided at the neck of the metatarsal. This
maneuver should allow the toe to be
brought into a satisfactory alignment. If
there is synovitis, it is débrided with a
small rongeur.

3. The PIP is then treated as described for a
proximal hemiphalangectomy.

4. An 0.062 inch K-wire is inserted across the
MTP joint with the toe held in a slightly
plantarflexed position. The dorsal MTP
capsule is left open, but the extensor ten-
dons are repaired separately under slight
tension.

Postoperative Treatment. The aftercare is the
same as for a proximal hemiphalangectomy
alone.

Mallet Toe

A mallet toe is characterized by an isolated,
plantarflexion deformity at the DIP joint due
to overpull of the long flexor tendon that
inserts on the base of the distal phalanx. As
with hammertoes and clawtoes, this defor-
mity is initially flexible but can later become
rigid.

Clinical Presentation

Symptoms are generally the result of corn
formation on the tip of the toe or over the
dorsum of the DIP joint. The deformity may
be present in the second, third, or fourth toes
and may affect multiple toes (Coughlin,
1995).

Nonoperative Treatment

A toe crest may support the toe and keep the
tip off the insole, eliminating pain from an
end corn. Moleskin or sponge pads can be
placed over the corns. A more capacious toe
box can prevent the shoe from rubbing
against a corn on the dorsum of the DIP joint.

Operative Treatment

A flexible mallet toe can be treated with a
long flexor tenotomy. Coughlin (1995) found
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86% patient satisfaction with excisional ar-
throplasty of the DIP joint for rigid mallet
toes. In cases of severe deformity, he com-
bined the arthroplasty with flexor tenotomy
through the same incision (Coughlin and
Mann, 1993).

Percutaneous Long Flexor Tenotomy

Percutaneous long flexor tenotomy (Fig. 4.28)
can usually be done in the office with a digital
block. No tourniquet is needed.

1. A #11 scalpel is used to make a stab inci-
sion in the midline of the plantar aspect of
the toe, immediately beyond the distal
flexion crease. The tip of the toe is grasped
and the DIP fully extended. The long
flexor can then be felt against the tip of the
knife blade. It is divided transversely, and
the release is felt in the toe.

2. The wound is left to close secondarily, and
the toe is wrapped with a pressure
dressing that is removed after 3 days.
Activity can be resumed after 1 week.

Ficure 4.28. Percutaneous long flexor tenotomy.
The long flexor is divided with a #11 scalpel at the
level of the DIP joint. A back-and-forth motion is
used to divide the tendon completely.
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Middle Hemiphalangectomy
(DIP Arthroplasty)

The middle hemiphalangectomy procedure
described by Coughlin (1995) is similar to the
PIP arthroplasty, performed one joint dist-
ally. Coughlin recommended removing the
articular surface of the base of the distal
phalanx in addition to resecting the head of
the middle phalanx. The two opposing bone
surfaces are then compressed, and a longitu-
dinal K-wire is placed and left for 3 weeks.
An arthrodesis is not sought with this proce-
dure, but it occasionally occurs. The presence
of arthrodesis or pseudoarthrosis has no ef-
fect on the outcome of the procedure. In
instances of significant deformity, Coughlin
(1995) also recommended incising the flexor
tendon sheath and dividing the long flexor,
done through the dorsal incision. The post-
operative course is the same as for a PIP
arthroplasty.

Congenital Curly Toes

Congenital curly toes is the most common
lesser toe deformity in children. It usually
involves the fourth and fifth toes and com-
monly occurs bilaterally. It is known in some
cases to undergo spontaneous correction
with growth (Coughlin and Mann, 1993).

Clinical Presentation

The toes are internally rotated and flexed so
their lateral borders rest against the ground.
The deformity is asymptomatic in most chil-
dren and remains so during adulthood.
When problems occur, they are due to cal-
luses that form at the base of the nail where it
rubs against the sole, or from calluses over
the lateral edge of the IP joints.

Nonoperative Treatment

Taping of the toes in a corrected position with
a plantar and lateral loop may hold them
during athletic activities if calluses are pain-
ful. Taping does not correct the position of
the toes.

4. Forefoot

Operative Treatment

Surgery is recommended in cases where
taping does not relieve symptoms satisfacto-
rily. Because deformities are flexible in chil-
dren, they can be treated with flexor te-
notomy of both the long and short flexor
tendons (Ross and Menelaus, 1994).
Treatment is similar for adults who also
have flexible deformities. If there is a fixed
deformity, it is treated as a hammertoe with a
proximal hemiphalangectomy (PIP arthro-
plasty), removing a wedge from the head of
the proximal phalanx to correct the deformity.

Open Flexor Tenotomy
Technique

1. A general anesthetic is used for children,
whereas in adults a digital block or ankle
block is satisfactory. A transverse incision
is made on the plantar aspect of the toe at
the level of the PIP joint. Small retractors
are placed in the wound for visualization.

2. The flexor sheath is cut transversely, and
the long and short flexor tendons are di-
vided transversely with the scalpel. If the-
reis still a deformity, the plantar capsule of
the PIP joint is also divided.

3. The skin is closed with simple stitches of
4-0 nonabsorbable suture.

Postoperative Management. A toe dressing is
applied, maintaining the toe in the corrected
position; and immediate weight-bearing is
allowed with a postoperative shoe. The su-
tures are removed at 10 to 14 days and the
operated toes supported with tape in the
corrected position for 2 weeks. Athletic activ-
ities may then be resumed.

Overlapping or Underriding Fifth Toe

The fifth toe is unique among the lesser toes
in that it has an adjacent toe on only one side.
It is subject to pressures from the shoe that
can force it against the fourth toe, which may
lead to subluxation at the MTP joint as well as
a rotational deformity that supinates the toe.
The toe may finally ride up over the top of the
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Ficure 4.29. Overlapping fifth toe.

fourth toe (Fig. 4.29) or slip underneath it. In
addition, some athletes have overlapping as a
congenital deformity.

Clinical Presentation

Adult athletes may have pain caused by
pressure of the toes against each other that
can lead to a soft corn at the base of the web
space or a hard corn distally. Some develop
pain from corn formation at the lateral base of
the fifth toenail if the toe has rotated enough
to rub against the insole. With overlapping
there may be pressure from the shoe against
the top of the elevated toe.

Nonoperative Treatment

For early deformity it may be possible to tape
the fifth toe down into normal alignment,
using a loop over the base of the toe. A larger
toebox is used to prevent lateral pressure
against the toe.

With fixed deformity the toebox must ac-
commodate the toe in its abnormal position.
Sponge pads or moleskin can protect areas of
corn formation. If a soft corn develops, the
base of the web space should be kept open
with a sponge pad more distally between the
toes.

Operative Treatment

The severity of the deformity determines the
surgical procedure. A mild deformity can be
treated with soft tissue releases, whereas a
severe deformity requires bone resection
(Coughlin and Mann, 1993; Wilson, 1953).
Any significant rotation of the toe qualifies as
a severe deformity.
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Soft Tissue Release
Technique

1. A general anesthetic is provided and a
thigh tourniquet used. A Vshaped incision
is made over the dorsum of the fifth MTP.
The two limbs are each 1.5 cm long, and
they subtend an angle of 45 degrees with
the apex proximally.

2. The extensor tendon is incised in a Z
fashion. The MTP capsule is cut laterally,
dorsally, and as much medially as is nec-
essary to realign the toe.

3. A 0.062 inch K-wire is inserted from the
base of the proximal phalanx out through
the tip of the toe. Reducing the MTP, the
K-wire is drilled in retrograde fashion
across the MTP joint, maintaining the toe
straight. The K-wire is cut off outside the
skin and covered with a plastic pin cap.

4. The medial joint capsule is then closed
with 3-0 absorbable sutures, and the ex-
tensor tendon is repaired with slight ten-
sion using 2-0 absorbable suture.

5. Repositioning the toe pulls the V-shaped
skin incision into a Y shape. The skin is
closed with interrupted stitches of 3-0
nonabsorbable suture. A soft dressing is
applied.

Postoperative Management. Immediate weight-
bearing is allowed with a postoperative shoe.
The skin sutures are left in place for 10 to 14
days, and the K-wire is kept in for 3 weeks.
The toe should be buddy taped to the fourth
toe for 3 weeks. Shoewear is advanced and
athletic activity resumed after 4 weeks.

Correction

Technique. This procedure is used if there is a
flexible deformity and no significant rotation
of the toe.

1. A general anesthetic is provided, and a
thigh tourniquet is used. A 2 c¢m longitu-
dinal incision is made over the dorsum of
the fifth MTP joint.

2. The extensor tendon is incised in a Z
fashion. The dorsal MTP capsule is left
intact, but the plantar and medial capsule
are released until the toe is in a satisfactory
position.
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3. A 0.062 inch K-wire is drilled from the base
of the proximal phalanx out through the
tip of the toe. Reducing the MTP, the
K-wire is drilled in retrograde fashion
across the MTP joint, maintaining reduc-
tion of the toe. The K-wire is cut off
outside the skin and covered with a plastic
pin cap.

4. The medial joint capsule is then closed
with 3-0 absorbable sutures, and the ex-
tensor tendon is repaired with slight ten-
sion using 2-0 absorbable suture.

5. A soft dressing is applied.

Postoperative Management. Immediate weight-
bearing is allowed with a postoperative shoe.
The skin sutures are left in place for 10 to 14
days, and the K-wire is left in for 3 weeks.
The operated toe is buddy-taped to the fourth
toe for 3 weeks. Shoewear is advanced and
athletic activity can be resumed after 4 weeks.

Correction of Malrotation

This operative technique requires bone resec-
tion at the PIP joint. The degree of rotation is
assessed, and the amount of correction re-
quired is noted. A longitudinal mark with a
skin scribe is made over the dorsum of the
the PIP joint, and a second parallel mark is
made lateral to it, indicating the amount of
correction necessary.

Technique

1. A general anesthetic is provided and a
thigh tourniquet used. The procedure for a
PIP arthroplasty is performed, and the
distal 4 to 5 mm of the proximal phalanx
head is resected.

2. The toe is rotated so the lateral mark on the
distal segment is aligned with the medial
mark on the proximal segment. Any tight
skin is then released to allow the toe to lie
in this position.

3. Proximal release is performed as for the
soft tissue release about the MTP joint, as
described previously.

4. A 0.062 inch K-wire is then inserted in
antegrade fashion from the base of the
middle phalanx, exiting the tip of the toe.
It is then drilled proximally, crossing the

4, Forefoot

MTP into the metatarsal. The toe is again
rotated at the PIP joint, the marks in the
skin are aligned, and the wounds are
closed.

5. A soft dressing is applied.

Postoperative Management. Immediate weight-
bearing is started with a postoperative shoe.
The skin sutures are removed at 10 to 14
days, and the K-wire is removed at 3 weeks.
The toe should be buddy-taped to the fourth
toe for an additional 3 weeks. Shoewear is
advanced and athletic activity can be re-
sumed after 4 weeks.

Bunionette

A bunionette is a prominence over the lateral
aspect of the fifth metatarsal head that is
analogous to the bunion that occurs on the
medial side of the first metatarsal head. Sim-
ilar to a bunion, a painful bursa can form over
the prominence and cause symptoms with
shoewear. Although there is often a varus
position of the proximal phalanx, symptoms
are usually caused by a deformity in the
metatarsal. Bunionettes often occur in the
same foot with hallux valgus and bunion; this
combination is termed a splay foot.

Clinical Presentation

Symptoms from a bunionette are caused by
the shoe rubbing against the lateral promi-
nence. A painful bursa may develop that
increases the size of the prominence, lead-
ing to increased pain. A plantar callus may
also form in conjunction with the lateral
prominence.

Radiography

Three recognized patterns are associated
with bunionettes (Coughlin, 1991). There
may be a large prominence of the fifth meta-
tarsal head (type I), or the metatarsal may
have a lateral bow that makes a normally
shaped head protrude laterally (type II). The
head may also protrude owing to an in-
creased divergence between the fourth and
fifth metatarsals (type III).
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Nonoperative Treatment

Accommodative shoes are the mainstay of
initial treatment for bunionettes. As with
bunions, relief of pressure on the prominence
usually eliminates the pain. However, shoes
that have a wide toebox often do not provide
enough support to allow athletic activities.
Leather shoes can be stretched over the
prominence, or cutouts and balloon patches
can be applied.

Operative Treatment

If the weight-bearing AP radiograph shows
that the deformity is caused by a lateral
prominence of the metatarsal head (type I), a
simple exostectomy may be sufficient (Ki-
taoka, 1992). If the fifth metatarsal is bowed
(type II) or there is an increased intermeta-
tarsal 4-5 angle (type III), an osteotomy
should be performed. Osteotomies have been
described for the distal, middle, and proximal
metatarsals to treat bunionettes (Coughlin,
1991; Diebold, 1991; Diebold and Bejjani,
1987; Kitaoka and Holiday,1992; Kitaoka et
al., 1991; Kitaoka and Leventer,1989; Moran
and Claridge, 1994). Proximal osteotomies
have the potential for poor bone healing if
they damage the nutrient artery (Smith et al.,
1992). Oblique midshaft osteotomies yield
good results but are unstable and require
internal fixation (Coughlin, 1991). In fact, the
deformity can be satisfactorily treated with a
distal fifth metatarsal chevron-type oste-
otomy (Kitaoka et al., 1991; Moran and Cla-
ridge, 1994).

Simple Exostectomy
Technique

1. A general anesthetic or ankle block is ad-
ministered, and a tourniquet is used. A 3
cm straight lateral incision is made over
the bunionette, and dorsal and plantar
flaps are developed.

2. The lateral joint capsule is split longitudi-
nally in line with the skin incision, incising
superior to the tendinous insertion of the
abductor digiti quinti minimi. The capsule
is elevated dorsally and plantarward to
expose the metatarsal head.
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3. A small oscillating saw is used to cut the
lateral prominence, directed from distal to
proximal. The cut should be made in line
with the lateral shaft of the metatarsal. In
cases where there is a prominent lateral
condyle of the proximal phalangeal base, it
is trimmed. The bone edges are smoothed
with a rongeur.

4. The lateral capsule edges are then trimmed
so the closure is taut. The capsule is su-
tured with interrupted 3-0 absorbable su-
ture. The skin is closed with a running
stitch of 3-0 nonabsorbable suture. A soft
dressing is applied.

Postoperative Management. Immediate weight-
bearing is allowed in a postoperative shoe.
The skin sutures are removed at 10 to 14
days, and shoewear is advanced. Return to
athletic activities is allowed 3 weeks after

surgery.

Fifth Metatarsal Chevron Osteotomy
Technique

1. A general anesthetic or ankle block is ad-
ministered, and an appropriate tourniquet
is used. A 3 cm straight lateral incision is
made over the bunionette (Fig. 4.30), and
dorsal and plantar flaps are developed.

2. The lateral joint capsule is split longitudi-
nally in line with the skin incision, incising
superior to the tendinous insertion of the
abductor digiti quinti minimi. The capsule
is elevated dorsally and plantarward to
expose the metatarsal head.

3. A small oscillating saw is used to cut the
lateral prominence, directed from distal to
proximal. The cut should be made in line
with the lateral shaft of the metatarsal.

4. The center of the metatarsal head is iden-
tified, and a small K-wire is used to drill a
transverse hole in its center. This hole
marks the apex of the chevron cut.

5. A V-shaped cut is made in the head of the
metatarsal with the small oscillating saw
such that the two limbs of the chevron
form an angle of 60 degrees. The head
fragment that remains is small, and care
must be taken to avoid cutting into it with
the saw blade.
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Ficure 4.30. Chevron correction of a bu-
nionette. (A) Incision is placed laterally
over the fifth metatarsal head. (B) Lat-
eral prominence of the metatarsal head
is excised with an oscillating saw. (C)
After making a V cut with the apex in
the center of the metatarsal head, the
head segment is displaced medially. (D)
Exposed prominence of the distal meta-
tarsal shaft segment is removed with
the saw, cutting parallel to the lateral
border of the head segment.

6. The head fragment is translated medially 3
to 4 mm and impacted onto the metatarsal
shaft segment with axial pressure applied
distal to proximal along the toe. The head
should translate medially only and should
not be allowed to displace dorsally or
plantarward.

7. The oscillating saw blade is then directed
in a distal to proximal direction using the
lateral surface of the head fragment as a
guide. The exposed lateral segment of the
metatarsal shaft is cut, leaving a smooth
lateral border of the distal fifth metatarsal.

8. The edges of the lateral capsule are then
trimmed so the closure is taut. The capsule
is closed with 3-0 absorbable sutures. The
osteotomy and capsule closure provide ad-
equate stability, so fixation with a K-wire is
not usually required. The skin is closed
with a running stitch of 3-0 nonabsorbable
suture. A soft dressing is applied.

Postoperative Management. Immediate weight-
bearing is allowed with a postoperative shoe.
The sutures are removed at 10 to 14 days, and
a postoperative shoe is worn for 3 weeks

before shoewear is advanced. Athletic activi-
ties should be avoided until 6 weeks after

surgery.

Lesser Toe Fractures and Dislocations

Fractures

Most lesser toe fractures occur when the
individuals are barefoot and the toe is
stubbed (axially loaded) against a stationary
object. Athletic shoes generally protect the
toes from this type of injury. Objects drop-
ping on the shod toe, however, can cause
phalangeal fractures. The proximal phalanx is
that most commonly fractured; and when
stubbing is the cause, the fifth toe, which is
unprotected laterally, is typically injured (De-
Lee, 1993; Elleby and Marciko, 1985).

Clinical Presentation

These fractures are painful and associated
with a traumatic event that can be easily
described. The toe is swollen, tender, and
usually ecchymotic. Gross malalignment is
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uncommon. A crush injury or violent force
directed against the toe may cause an open
fracture.

Radiography

Routine radiographs confirm the diagnosis;
and AP, lateral, and oblique views are ob-
tained to ensure that an associated disloca-
tion is not missed (Fugate et al., 1991). The
usual fracture descriptions (closed versus
open, nondisplaced versus displaced, angu-
lated, intraarticular) apply to toe fractures, as
do the principles of fracture management.

Nonoperative Treatment

Most lesser toe fractures can be satisfactorily
treated by buddy taping the fractured toe to
the adjacent toe. The uninjured acts as a
splint, and the relative immobilization pro-
tects the toe, promoting healing and de-
creasing pain. A postoperative stiff-soled, or
regular shoe can be utilized, depending on
the athlete’s level of pain. Pain typically is
present for 2 to 3 weeks, but swelling can
continue for 2 to 3 months. Advancement of
shoewear and return to athletic activities is
based on the level of pain.

Operative Treatment

Open fractures of the toes require the same
treatment as other open fractures. A povi-
done-iodine soaked sterile dressing is ap-
plied on the field. Antibiotics and, if indi-
cated, tetanus toxoid are administered in the
emergency room. Culture specimens are ob-
tained in the operating room.

Thorough irrigation and débridement com-
prise the first step for treating this injury in
the operating room. The wound must be left
open to close secondarily. If the alignment is
satisfactory, soft dressings are applied until
the skin has healed, followed by buddy-
taping. These measures are sufficient to
maintain the position of the fracture. Percu-
taneous K-wires are used if there is gross
comminution or marked instability of the
fracture.

Closed fractures that are significantly
angulated or are associated with dislocation
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of a joint benefit from closed reduction, fol-
lowed by maintenance of the position with
buddy taping or percutaneous K-wire fixa-
tion. Open reduction is rarely indicated for
toe fractures.

Dislocations

Dislocation is an uncommon injury that usu-
ally involves the fifth toe (DeLee, 1993; Jahss,
1981b). An abduction force applied to the toe
is the usual cause. MTP dislocation is more
likely to occur than IP dislocation (Fugate et
al., 1994, Weinstein and Insler, 1994). The
distal joint (IP) is stable to abduction stress,
whereas the proximal joint (MTP) is mobile.
Therefore an abduction stress on the toe has
alonger moment arm to act on the MTP joint,
in contrast to the IP, and can exert a greater
force.

Clinical Presentation

There is usually swelling that may be accom-
panied by ecchymosis. The toe appears devi-
ated, although significant swelling may mask
it. Attempted motion, both passive and ac-
tive, are painful. Palpation may reveal ab-
normal alignment of the joint along with
tenderness, which is typical.

Radiography

Anteroposterior and lateral radiographs of
the toes are necessary to reveal the deformity
and to exclude associated fracture.

Treatment

Nonoperative Treatment. A closed reduction
should be attempted, and if the treatment is
rendered soon after the injury, it will prob-
ably be successful. The position is then held
by buddy-taping to an adjacent toe. The
swelling may make manipulation of the toe
and maintenance of the reduction difficult. If
the toe can be reduced but then the reduction
is lost, longitudinal K-wire fixation of the toe
for 2 weeks should be used. If the toe cannot
be reduced closed, open reduction and
K-wire fixation should be performed.
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Technique

1. A digital block with 1% lidocaine is per-
formed at the level of the MTP joint to
reduce the risk of additional swelling at the
site of the IP dislocation. It can be done in
the office or clinic.

2. The proximal phalanx is stabilized, and
traction is applied through the tip of the
toe. The distal toe is then translated to effect
the reduction. Radiographs are obtained to
ensure that the position is satisfactory.

3. Buddy-taping is applied and the toe sup-
ported in this manner for 2 weeks. A
regular shoe may be worn as soon as it fits.
Athletic activities can be resumed immedi-
ately if the toe is securely taped.

Operative Treatment. If the reduction slips,
K-wire fixation should be performed. It must
be done in an operating room.

1. After administering an appropriate anes-
thetic, the proximal phalanx is stabilized
and traction applied through the tip of the
toe. The distal toe is then translated to
effect the reduction.

2. After reducing the dislocation, a 0.062 inch
K-wire is drilled from the tip of the toe
through the intramedullary spaces of the
phalanges, without entering the MTP joint.

3. Radiographs are obtained to assess the
reduction and implant position. A postop-
erative shoe is worn for 2 weeks, at which
time the pin is removed (in the office) and
shoewear and activities are advanced.

Open Reduction

1. Appropriate anesthesia is provided, and a
tourniquet is used. A transverse incision is
made over the dorsum of the dislocated IP
joint, dividing the extensor apparatus and
dorsal capsule of the joint.

2. With longitudinal traction the toe should
be reducible. Any soft tissue blocking re-
duction is divided.

3. A 0.062 inch K-wire is drilled from the tip
of the toe through the intramedullary
spaces of the phalanges, extending to but
not crossing into the MTP joint. Radio-
graphs are obtained to assess the reduction
and implant position.

4. Forefoot

4. The skin is closed with interrupted 4-0
nonabsorbable sutures. A postoperative
shoe is worn for 2 weeks, at which time the
sutures and pin are removed and shoe-
wear and activities are advanced.

Acute Metatarsal Fracture

Acute metatarsal fractures are caused by a
specific traumatic episode. The mechanism of
injury can usually be clearly described. The
shaft of the metatarsal fractures as the result
of a direct blow, from dropping an object on
the foot or having it stepped on. There may
be a violent twisting or wrenching action on
the forefoot with the hindfoot fixed. Con-
versely, the forefoot may be fixed while the
hindfoot is twisted. Pathologic fractures can
occur through bone abnormalities caused by
tumor or infection.

If the fracture causes the metatarsal head to
heal in a displaced, plantar position, a prom-
inence results, which can lead to the devel-
opment of a callus or intractable plantar
keratosis. Conversely, a dorsally displaced
metatarsal head can lead to a dorsal promi-
nence, which is likely to rub against the top
of the shoe. Dorsal displacement may also
cause a transfer metatarsalgia under the ad-
jacent metatarsal heads by altering of the
normal pattern of weight-bearing. Lateral
translation of the metatarsal head is generally
well tolerated, although neuritic symptoms
may develop from pressure on the interme-
tatarsal nerve traveling through a narrowed
interspace.

Clinical Presentation

The athlete may note a pop with an associ-
ated sharp pain that prevents weight-
bearing. The physical examination may show
swelling and ecchymosis either dorsally or
plantarward. There is point tenderness over
the fracture. Rapid swelling precludes the
ability to determine the degree and direction
of fracture displacement.

Radiography

Standard AP, lateral, and oblique radio-
graphs of the foot clearly show the fracture
and allow determination of comminution,
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displacement, and angulation. It is especially
important to evaluate the position of the head
of the fractured metatarsal on the lateral
radiograph.

Nonoperative Treatment

Most metatarsal shaft fractures can be treated
by nonoperative methods. Fractures that are
not displaced or only minimally displaced
can be treated by protection in a stiff-soled or
postoperative shoe, allowing immediate
weight-bearing. Symptoms usually resolve
by 3 to 4 weeks. Crutches are useful for the
first few days during which progressive
weight-bearing is allowed based on pain. A
short-leg walking cast or walking orthosis
provides more support and is used for 1 to 2
weeks if pain is significant. Prolonged use of
a cast is not indicated for minimally displaced
fractures owing to the osteopenia, stiffness,
and muscle atrophy that can result. An orth-
osis may be used for a longer period but
should be regularly removed for motion ex-
ercises several times each day.

Displaced metatarsal fractures in which the
metatarsal head has not translated dorsally or
plantarward can be treated in a similar fash-
ion. Displacement of the metatarsal head up
to 4 mm can be safely treated without an
attempt at reduction. Athletic activities
should be avoided until 6 weeks after most
acute metatarsal fractures.

Operative Treatment

Operative treatment is reserved for the meta-
tarsal shaft fracture that has significant dis-
placement of the head, has severe dorsal
angulation that is tenting the skin, is open, or
occurs with other metatarsal fractures with
displacement (DeLee, 1993). Single or mul-
tiple closed fractures can usually be treated
with closed reduction and casting, although
irreducible ones require open reduction and
fixation with K-wires or small fragment
plates. Open fractures must be irrigated, re-
duced, and internally fixed. Fractures as the
result of crush injuries may have an associ-
ated compartment syndrome, which must be
evaluated and treated concomitantly (Myer-
son, 1988, 1991, 1993).
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Closed Reduction

1. A general anesthetic is used to provide
muscle relaxation, thereby easing the re-
duction. Each toe is wrapped with adhe-
sive tape and then placed in Chinese finger
traps.

2. The foot is suspended from the finger
traps for 5 to 10 minutes, allowing longi-
tudinal traction to effect a satisfactory re-
duction. Intraoperative radiographs are
obtained to verify the position.

3. Manual reduction of the fracture is at-
tempted if suspension alone does not re-
duce the fracture. If manipulation is un-
successful, open reduction is undertaken
(see below).

4. After reduction, a short-leg cast is applied
and weight-bearing allowed as tolerated.
The foot is protected in a cast for 4 weeks.
The initial cast may be changed after 7 to
10 days if it is loose owing to reduced
swelling. A postoperative shoe is then
worn for 2 weeks, after which activities can
be advanced.

Open Reduction and Fixation
Technique

1. Appropriate anesthesia is given, and a
tourniquet is used. A 5 to 6 cm longitu-
dinal incision is made on the dorsum of the
foot over the fractured metatarsal. If two
metatarsals are fractured, the incision is
made between them; if three, the incision
is made over the central one. If there is
concern about compartment syndrome, in-
cisions are made over the second and
fourth metatarsals, through which the
compartments can also be released.

2. Superficial nerves and extensor tendons
are protected, and the dorsal veins are
divided only as necessary. The fractures
are exposed with minimal elevation of the
interosseous muscles.

3. Reduction is performed, and 0.062 inch
K-wires are used for fixation. An intraope-
rative radiograph is obtained to verify the
reduction and the K-wire position.

4. If fixation is adequate, the wires are cut off
outside the skin and the wound closed in
layers.
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4. Alternatively, fixation can be performed
with small fragment lag screws with or
without a dorsal neutralization plate.

5. When treating open metatarsal fractures
with reduction and fixation the skin must
be left open, and delayed primary closure
or coverage with a split-thickness skin
graft is performed at 5 to 7 days.

Postoperative Management. After closure, a
short-leg cast is applied. The skin sutures are
removed at 10 to 14 days, and a new cast is
applied. If K-wires have been used for fixa-
tion, they are removed at 6 weeks and
weight-bearing is allowed in a postoperative
shoe. Shoewear can be advanced as toler-
ated. Athletic activities should be delayed
until 8 weeks after surgery.

If internal fixation with screws has been
performed, a walking orthosis is applied after
the skin sutures have been removed. Motion
exercises can be started immediately. A reg-
ular shoe is worn after 6 weeks, and athletic
activities are begun at 8 weeks after surgery.

Forefoot Compartment Syndrome

When trauma to the foot causes multiple
metatarsal fractures, particularly as the result
of a crushing injury, compartment syndrome

4. Forefoot

must be excluded. The forefoot musculature is
divided into four compartments bordered by
the metatarsals and fascial planes. Intracom-
partmental pressure can rise considerably af-
ter trauma due to bleeding and fluid extrava-
sation. This situation, in turn, can result in
vascular impairment, and if untreated it can
lead to myonecrosis, scarring, and fibrosis.
The sequelae of this chain of events includes
chronic pain and loss of forefoot function.

Direct vascular injury may lead to compart-
ment syndrome. This has been described in a
volleyball player who suffered an inversion
ankle injury that caused a pseudoneurysm of
the dorsalis pedis artery and subsequent
compartment syndrome (Kym and Worsing,
1990). Exertional compartment syndromes of
the feet are rare but have been reported, both
acute and chronic. In one case it followed a
vigorous aerobic exercise session (Middleton
etal., 1995). In another, it appeared gradually
over a period of six months in a ballet dancer
(Lokiec et al., 1991). A high degree of suspi-
cion is necessary to correctly diagnose this
problem.

Anatomy

The forefoot is divided into four compart-
ments (Fig. 4.31) by the metatarsal and inter-

Ficure 4.31. Compartments of the foot. A, Interosseous compartment; B, medial compartment; C,

central compartment; D, lateral compartment.
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connecting fascial planes (Meyerson, 1988).
The interosseous compartment is in the
dorsum of the foot. It is defined by the lateral
aspect of the first metatarsal and medial as-
pect of the fifth metatarsal and is surrounded
by the interosseous fascia. It contains the
second through fourth metatarsals and the
seven interosseous muscles. The medial com-
partment is bordered above by the undersur-
face of the first metatarsal, medially and
inferiorly by the plantar aponeurosis, and
laterally by an intermuscular septum. It con-
tains the abductor hallucis and flexor hallucis
brevis muscles. The central compartment is
bordered above by the interosseous compart-
ment, medially and laterally by intermuscular
septae, and inferiorly by the plantar apo-
neurosis. It contains the abductor hallucis,
quadratus plantae, lumbrical, and flexor digi-
torum brevis muscles. The lateral compart-
ment is bordered by the fifth metatarsal dor-
sally, the plantar aponeurosis inferiorly and
laterally, and an intermuscular septum medi-
ally. It contains the flexor, abductor, and
opponens muscles for the fifth toe.

Clinical Presentation

The diagnosis of compartment syndrome re-
quires a high index of suspicion. Tense
swelling in the forefoot is typical, usually as
the result of crush injuries. Pain on passive
stretching of the toes or dysesthesias in the
toes are not reliable signs of compartment
syndrome in the foot.

The diagnosis is confirmed by wick cath-
eter measurements of intracompartmental
pressures, which should be obtained for all
four compartments. Indications for compart-
ment release are pressures above 30 mm Hg
or pressures 30 mm Hg below the diastolic
blood pressure (DeLee, 1993; Meyerson,
1991, 1993).

Measurement of Forefoot Compartment
Pressures

See Myerson (1991) for more detailed
information.

1. Kits are available that provide slit catheters
and hand-held monitors for measuring
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compartment pressure. Alternatively, a slit
catheter can be attached to a transducer
and the pressure obtained with an arterial
line manometer setup. The slit catheter
apparatus is first zeroed and then inserted
sequentially into the four compartments of
the foot.

2. The interosseous compartment is first en-
tered by placing an 18 gauge 1.5 inch needle
between the second and third metatarsals
dorsally, passing into the muscle. The tip
should not be in contact with the bone. The
catheter is then placed through the needle
and the pressure measured.

3. The needle is advanced down into the
muscle of the central compartment, the
catheter reinserted. and the pressure
recorded.

4. The medial compartment pressure is mea-
sured by placing the needle just inferior to
the first metatarsal into the flexor hallucis
brevis muscle belly.

5. The lateral compartment pressure is mea-
sured by placing the needle inferior to the
fifth metatarsal into the abductor digiti
quinti muscle.

Forefoot Compartment Release

See Myerson (1988, 1993) for more detailed
information.

1. When compartment syndrome has been
diagnosed, it is treated using two incisions
on the dorsum of the foot. Longitudinal
incisions of 6 cm each are made over the
dorsum of the second and fourth metatar-
sals.

2. Blunt dissection between each of the me-
tararsals reveals the underlying inteross-
eous fascia, which is sharply divided lon-
gitudinally. Further dissection under the
first and fifth metatarsals is necessary to
ensure that the medial and lateral compart-
ments have been adequately released.

3. The metatarsal fractures are then treated
with reduction and fixation as indicated.
The incisions should be left open, covered
with sterile dressings, and a short-leg pos-
terior splint applied. A delayed primary
closure or coverage by split-thickness skin
grafting is performed at 5 to 7 days.
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Tendon Disorders

Achilles Tendonitis and
Partial Tears

Achilles tendonitis is a common overuse
problem found in a variety of athletes. Its
incidence has been noted to be as high as 18%
in a group of runners (Krissoff and Ferris,
1979). Any athlete who is involved in repeti-
tive impact loading from running or jumping
is at risk for developing Achilles tendonitis
(Clain and Baxter, 1992).

Tendonitis describes a spectrum of injuries
to the Achilles tendon. Paratendinitis is in-
flammation of the tendon sheath. Tendinosis
indicates degeneration within the substance
of the tendon itself. Intratendinous calcifica-
tion occasionally occurs in the calcaneal inser-
tion. These various pathologic conditions
may occur separately or in combination, but
all can be considered Achilles tendonitis
(Cain and Baxter, 1992; Clancy et al., 1976;
Kvist et al., 1987; Nelen et al., 1989; Scoli,
1994; Smart et al., 1980).

History

Most athletes describe the gradual onset of
pain just above the tendo Achilles insertion,
sometimes associated with a recent change in
training conditions or activities. Runners
who increase their mileage or intensity of
workouts, change shoes, or work out on a
new training surface are at risk for devel-
oping tendonitis. Poor warm-up and warm-

down can also lead to irritation and tendo-
nitis. The athlete should be questioned about
these factors to determine causation and to
identify ways for preventing recurrence.

Physical Examination

Acutely, the physical examination reveals
tenderness to palpation over the tendon that
may be either pinpoint or diffuse. As the
problem becomes chronic, the tenderness be-
comes more diffuse and may be associated
with a fusiform swelling palpable in the
tendon (Scoli, 1994). The entire heel should
be examined with care to localize additional
foci of tenderness.

Partial tear of the tendon is usually associ-
ated with an acute episode of pain and weak-
ness in the calf. The finding of significant
swelling or thickening or a palpable defect in
the tendon, however, should alert the exam-
iner to the possibility of a partial or even
complete rupture (Fig. 5.1).

Radiography

Routine radiographs, particularly a lateral
view of the heel, can demonstrate calcifica-
tion within the tendon. The contour of the
calcaneus is assessed to determine if a prom-
inent superior tuberosity is contributing to
tendon irritation (Haglund syndrome).
Magnetic resonance imaging (MRI) can be
helpful when evaluating defects or swelling
to determine if there has been a partial or
complete tear, or if scarring or fluid is present
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Fiure 5.1. Large nodule on the Achilles tendon of
a volleyball player.

in the substance of the tendon. If surgical
treatment of an intrasubstance tear (tendin-
osis) is under consideration, MRI can demon-
strate the extent of scarring (Marcus et al.,
1989).

Ultrasonography is another modality that
can identify scarring and edema within the
tendon. It has the disadvantage, however,
that it is operator-dependent (Maffulli et al.,
1987).

Nonoperative Treatment

As with other overuse injuries, the most
important factor in treating Achilles tendo-
nitis is rest. Mild cases may respond to an
interval reduction in duration and intensity
of activity. More significant involvement usu-
ally requires complete cessation of the ac-
tivity for 1 to 2 weeks. If symptoms persist
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and activity is impaired, a walking orthosis or
cast for 2 to 4 weeks to completely rest the
tendon may be needed (Smart et al., 1980).

A short course of a nonsteroidal antiinflam-
matory drug (NSAID) for 1 to 2 weeks can
dramatically reduce symptoms (Cain and
Baxter, 1992). Use of a heel lift of 0.25 to 0.50
inch reduces stress on the tendon. Women
can be advised to wear high-heel shoes
during the day when not training.

A program of ice massage and interferen-
tial electrical stimulation can be instituted. As
symptoms begin to resolve, gentle stretching
exercises are helpful for restoring tendon
length and are preparatory for the strength-
ening programs necessary before returning to
activity. Calf strengthening begins with
double-toe and then single toe raises. In the
athlete with chronic tendonitis stretching can
be started immediately. Warm-up and warm-
down stretching must be adopted by the
athlete when activity is resumed.

Steroids are not injected into the Achilles
tendon or about its insertion. The physician
who is intimately aware of the anatomy may
be comfortable about injecting steroid exactly
into the retrocalcaneal bursa. However, it is
still possible for some to extravasate about
the tendon. The result may be necrosis of the
tendon and rupture (Fig. 5.2) (Kleinman and
Gross, 1983).

Operative Treatment

Surgery is indicated for the treatment of
calcific tendonitis and chronic painful tendin-
osis unresponsive to nonoperative measures.
Athletes with chronic swelling and thick-
ening of the tendon that does not respond to
nonoperative measures should undergo an
MRI examination. Thickening of the parate-
non, which indicates paratenonitis can be
treated by excision of the paratenon and lysis
of adhesions (Kvist et al., 1987). If there is
evidence of a cyst, scarring, or chronic tendi-
nitis within the substance of the tendon that
does not involve the entire width of the
tendon (Fig. 5.3), the abnormal tissue can be
excised and the normal tendon repaired
(Clancy et al., 1986). If there is full-thickness
disruption of the tendon over a short length,
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Ficure 5.2. Complete rupture of the tendon after a
steroid injection by another physician.

it may be possible to excise the segment and
perform a primary repair, similar to repairing
an acute rupture (Nelen et al., 1989; Skeoch,
1981). If more than 2 cm must be excised,
however, the repair requires a reconstruction
procedure using a turn-down flap or aug-

Ficure 5.3. Partial rupture of the
Achilles tendon. Note the seg-
ment of abnormal tendon with a
cyst posteriorly.
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mentation with a tendon transfer (Cain and
Baxter, 1992; Clancy et al., 1976; Nelen et al.,
1989; Wapner et al., 1993).

Excision of Scarred Achilles Tendon
Tissue and Paratenon

Technique

1. A general anesthetic is given and a thigh
tourniquet applied. The procedure is per-
formed with the patient in the prone posi-
tion. A longitudinal incision is made along
the medial side of the Achilles tendon
extending 6 to 10 cm, centered over the
distal tendon.

2. The paratenon is split longitudinally over
the area identified by radiography or MRI
as the site of the pathology. Any thickened
paratenon is excised, and adhesions are
débrided sharply with a scalpel.

3. If there is intrasubstance pathology, the
tendon is also split in line with its fibers
until the abnormal tissue is identified. It is
then excised until only normal tissue re-
mains. Any calcified tissue can be identi-
fied by its feel, whereas the scar is recog-
nized by its uniform white appearance,
different from the striated normal tendon.
If a cyst is present, it is also excised.

4. The defect in the normal tendon is then
repaired with a nonstrangulating running
stitch of 0 absorbable suture. The paratenon
is reapproximated using 2-0 absorbable su-
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ture and the skin closed with a subcuticular
suture or interrupted mattress sutures.

Postoperative Management. A short-leg splint
or cast is applied and the patient kept non-
weight-bearing for 10 to 14 days. The skin
sutures are removed, and weight-bearing is
allowed in a removable walking orthosis. The
orthosis is worn for 4 weeks, during which
time it is removed regularly several times a
day for range of motion exercises. At this
point, formal therapy with modalities and
light resistive exercises can be started. Most
athletes are able to return to practice by 8 to
10 weeks.

Excision of a Segment of Achilles Tendon
(< 2cm)

Technique

1. A general anesthetic is used and a thigh
tourniquet placed. The procedure is per-
formed with the patient in the prone posi-
tion. A longitudinal incision is made along
the medial side of the Achilles tendon,
extending 10 to 12 cm.

2. The paratenon is split longitudinally over
the area of the defect identified on MRI.
The abnormality is identified and excised.
The defect remaining must be less than 2
cm in length.

3. The tendon is repaired as for an acute tear.
Sutures of no. 2 nonabsorbable material
are woven in Bunnell-like manner along
the medial and lateral sides of both the
proximal and distal ends of the tendon.
With the foot in no more than 20 degrees
of equinus, the sutures are securely tied,
holding the ends apposed. The repair is
augmented with multiple stitches of 0 ab-
sorbable suture. The paratenon is repaired
with 2-0 absorbable suture and the skin
closed.

Postoperative Management. A short-leg equi-
nus cast is applied and the patient main-
tained non-weight-bearing for 10 to 14 days.
The skin sutures are removed; and a remov-
able orthosis, which blocks dorsiflexion, is
applied. Protected weight-bearing and early,
gentle range of motion exercises are started
and continued for 6 weeks. Thereafter, reha-
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bilitation follows the same protocol as for
complete ruptures (see Achilles Tendon Rup-
ture, below).

Achilles Tendon Rupture

Rupture of the Achilles tendon is a significant
and potentially career-ending injury. Stiff-
ness, loss of push-off power, and rerupture
are complications. Although some individ-
uals have had preceding symptoms from
tendonitis or a partial tear, most cases are
spontaneous. In athletes, basketball and rac-
quet sports account for most of these injuries.

Pathogenesis and Injury

Naturally occurring degenerative changes
and diminished blood supply to the tendon
just proximal to its insertion combine to cause
potential weakness in the Achilles tendon
(Carr and Norris, 1989; Kannus and Jozsa,
1991). When the tendon is overloaded (usu-
ally by an excessive dorsiflexion force) while
the gastrocnemius-soleus muscle unit is con-
tracting (as during push-off), rupture can
occur.

Clinical Presentation

Characteristic of rupture is an audible pop,
which occurs during push-off. Immediate,
severe pain may or may not occur. Some
patients note only weakness with push-off
and an inability to run, whereas others are
unable to walk without a limp. Eventually,
swelling and ecchymosis are usually present
and may extend to the medial and lateral
borders of the foot. Numbness in the sural
nerve distribution is not an uncommon
complaint.

Physical examination is performed with the
patient prone. On inspection there is usually
swelling and ecchymosis unless the patient
is seen immediately. Palpation along the
Achilles tendon is painful. A gap may be
appreciated, or hematoma may fill the
sheath, simulating an intact tendon. Al-
though active plantar flexion is diminished
after rupture, it is rarely absent. Unless the
Thompson squeeze test is performed, the
examiner may be misled and the diagnosis
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missed (Thompson and Doherty, 1962). The
test is performed by squeezing the calf imme-
diately distal to its maximum girth to elicit
plantarflexion of the ankle. If the Achilles
tendon is ruptured, the ankle does not plan-
tarflex, and the test is considered positive.
An alternative test for integrity of the Achilles
uses a sphygmomanometer placed around
the calf and inflated to 100 mm Hg (Cope-
land, 1990). As the ankle and foot are then
passively moved by the examiner from plan-
tarflexion to dorsiflexion, the pressure in-
creases approximately 40 mm Hg when the
tendon is intact.

Radiography and MRI

Routinely, anteroposterior (AP) and lateral
radiographic views of the ankle are obtained.
They usually indicate soft tissue swelling
only, but occasionally calcification within the
tendon or at its insertion are noted. MRI is
not normally performed for clinically evident
complete rupture, although it may be of
benefit in patients being considered for no-
noperative treatment by demonstrating ap-
position of the torn tendon ends when the
ankle and foot are plantarflexed.

Nonoperative Treatment

A torn Achilles tendon can heal with immo-
bilization of the foot and ankle in equinus
(Nistorm 1981). The major disadvantages
of nonoperative treatment include loss of
power (decreased plantarflexion strength),
increased risk of rerupture, and an overall
decreased rate of return to the prior level of
sport activity (Cetti et al., 1993).

For the patient who declines surgical inter-
vention and for athletes over age 40, we have
used nonoperative treatment with good re-
sults. To approximate the torn tendon ends,
the ankle is plantarflexed to 10 degrees of
maximum and then immobilized in a well
padded short-leg cast for 4 weeks. A new cast
with the ankle immobilized in plantarflexion
of only 10 degrees is then used for another 4
weeks. At 8 weeks the patient’s shoes are
fitted with a 0.5-inch heel lift for another 4
week period. Use of a stationary bicycle is
permitted at the end of cast immobilization.
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Unrestricted range of motion exercises are
permitted at 8 weeks, but plantarflexion re-
sistive exercises are not initiated until 12
weeks after the injury. Single-leg toe raises
are started at 16 weeks. Running on a tread-
mill is allowed at this point, and transition to
running and jumping usually occurs by 5 to 6
months. Sport specific drills lead to return to
sports, usually between 8 to 9 months.

Operative Treatment

The major advantages of operative repair
include a higher rate of return to activity,
increased plantarflexion strength, and de-
creased calf atrophy (Cetti, 1993; Inglis et al.,
1976). Disadvantages of operative treatment
include anesthetic complications, infection,
sensory nerve injury, and wound healing
problems (hematoma, skin necrosis, and ad-
hesions) (Cetti et al., 1993). In general, sur-
gical repair of the Achilles tendon is the
recommended treatment. Although percu-
taneous repair is effective (Ma and Giriffith,
1977), open repair appears to have a lower
incidence of rerupture and is used in most
athletes (Bradley and Tibone, 1990).

Acute Repair of Achilles Rupture
Technique

1. Repair is undertaken with the patient
prone after an epidural or general anes-
thetic has been administered.

2. A longitudinal incision is made along the
posteromedial border of the Achilles ten-
don, centered over the defect. This inci-
sion offsets the scar from the posterior
aspect of the distal leg, which may im-
prove gliding, and allows access to the
plantaris tendon (it is if needed to reinforce
the repair). This approach also limits the
chance of injuring the sural nerve, which is
located posterolaterally. The skin and sub-
cutaneous tissue are sharply incised to the
paratenon, which is distended with hema-
toma. Avoid creating flaps, which can lead
to skin necrosis and scar adhesion.

3. Incise the paratenon carefully so it can be
repaired later. Hematoma is removed by
gentle débridement and irrigation. Identify
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the torn ends of the Achilles tendon,
which typically resemble mop ends (Fig.
5.3). Do not débride tendon fibers, but an
overtly degenerative and cystic focus
through which rupture has occurred can
be débrided.

. Plantarflex the ankle and foot to reappro-
ximate the tendon ends. An end-to-end
repair is then performed using two or
more #2 nonabsorbable sutures, inserted
in a whip-stitch configuration (Fig. 5.4).
The sutures are tied while the knee is
flexed to 90 degrees and the foot and ankle
are placed in 10 degrees of plantarflexion.
The ankle and foot should then be able to
be brought to neutral with palpable ten-
sion in the repaired tendon but without
gaping at the repair site.

. Once the core repair has been performed,
use a running 0 absorbable suture to coapt
the superficial fibers around the entire
tendon circumference.

. Repair the paratenon with a 2-0 absorbable
running stitch. If the paratenon cannot be
reapproximated, detach the plantaris
tendon proximally in the calf, leaving it
attached to the calcaneus. Using fine he-
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mostats, spread the tendon out into a
broad sheet, which is then applied circum-
ferentially around the repair site (Lynn,
1966).

7. Close the subcutaneous tissue with in-
verted, interrupted stitches, using a 3-0
absorbable suture. The skin is closed with
a subcuticular stitch, using a 3-0 absorb-
able suture. A well padded, short-leg pos-
terior splint is applied, maintaining the
ankle and foot in 10 degrees of plantar-
flexion. The patient can usually be dis-
charged from the hosptial within 24 hours
of surgery. Non-weight-bearing ambula-
tion and elevation of the operated leg as
much as possible is advised.

Postoperative Management. At 1 week inspect
the wound. Usually, healing of the skin has
been sufficient to allow bathing. With a sat-
isfactory repair, early, limited ankle motion is
possible (Mandelbaum et al., 1995), which is
beneficial for improving tendon healing as
well as decreasing potential stiffness. Using a
dorsal block splint, active motion is allowed
from neutral to as much plantarflexion as
tolerated. Dorsiflexion is strictly prevented.

\\\\\////
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FiGure 5.4. Repair of Achilles tendon rupture.
(A) Ruptured Achilles tendon. (B) Whipstitch
woven along the sides of the tendon with the ends

of the suture in the gap between the tendon ends.
(C) Sutures are tied, bringing the ends of the
tendon together.
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A removable, fiberglass dorsal shell or a
commercial orthosis, which prevent dorsi-
flexion motion, are used. The dorsal block
splint or orthosis is removed three times daily
for exercise periods of 15 minutes each. If the
patient is thought to be unreliable or the
repair questionable, however, use a short-leg
cast with the ankle in 5 to 10 degrees of
equinus for 6 weeks.

Protected weight-bearing is used for a total
of 4 to 6 weeks. Weight-bearing using a
0.5-inch heel lift is then started. Full, unre-
stricted active range of motion exercise, in-
cluding dorsiflexion, is allowed at 6 weeks.
Swimming and stationary cycling are begun
at 8 weeks. The heel lift is discontinued at 10
weeks. Resistive dorsiflexion exercises are
started at 10 weeks with light tubing. At 12
weeks double toe raises against only body
weight are initiated and progressed to single-
leg raises as strength develops. Rope
jumping is a useful exercise for strengthening
the calf muscles at this point. Running is
usually possible by 4 to 5 months. Return to
basketball, volleyball, or other sports that
require repetitive explosive jumping is not
allowed until 9 months after surgery.

Chronic Rupture of the Achilles Tendon

Neglected ruptures, partial ruptures that sub-
sequently progress to full-thickness tears,
and ruptures associated with steroid injec-
tions (Mahler and Fritscy, 1992) typically are
associated with intervening scar tissue. The
latter, after excision, result in the inability to
perform end-to-end repair. To bridge the
defect, peroneus brevis (White and Kraynick,
1959), fascia lata (Bosworth, 1956), turn-
down of a portion of the proximal Achilles
tendon, V-Y gastrocplasty (Abraham and
Pankovich, 1975), and transfer of the flexor
digitorum longus to the calcaneus (Mann et
al., 1991) have been used. Turn-down of a
strip of the proximal Achilles tendon (Fig.
5.5) has been successful in our experience.

Technique

1. With the patient prone make a posterome-
dial longitudinal incision approximately
the length of the tendon from the calcaneus
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to the musculotendinous junction. Incise
the subcutaneous tissues without creating
flaps, exposing the sheath and tendon.

2. Excise scar and granulation tissue (Fig.
5.5B). If the gap is too great to achieve
apposition of the tendon ends primarily, a
proximal turn-down flap is needed (Fig.
5.5C).

3. If the distal tendon insertion into the cal-
caneus is insufficient for suture, the turn-
down flap must be brought through a
transverse drill hole in the calcaneus (Fig.
5.5D). Use a 4.5 mm drill bit and enlarge
the tunnel as needed.

4. Pass the graft, place the ankle in 20 de-
grees of plantarflexion, and after pulling
the graft tight suture it to itself (Fig. 5.5E).
Proximally, place a stitch, using #2 nonab-
sorbable suture, at the apex of the flap to
prevent potential distal extension of the
defect, which can cause loss of adequate
tension in the reconstruction.

5. Usually the sheath cannot be closed. The
plantaris tendon, which is left attached
distally, is teased apart into a broad, thin
sheet and incorporated around the recon-
structed Achilles tendon.

6. The subcutaneous tissues and skin are
closed in layers. A short-leg, medio-lateral
U splint with a posterior foot plate, main-
taining the ankle and foot at 20 degrees of
plantarflexion, is applied.

Postoperative Management

The sutures are removed at 1 week. A short-
leg weight-bearing cast with the ankle at 20
degrees of plantarflexion is worn for five ad-
ditional weeks. A 0.5-inch heel lift is then used
for another 4 weeks, but the patient is allowed
to perform active range of motion exercises
between plantarflexion and neutral. At 8
weeks, passive motion and soft tissue mobi-
lization are begun to regain as much dorsifle-
xion as possible. Bicycling and treadmill walk-
ing are started. Plantarflexion resistive
exercises are delayed until 3 months. A per-
manent loss of power is typical, although
most athletes can run and jump, usually at a
lower level than before injury. Return to
sports requires a minimum of 12 months.



130

5. Tendon Disorders

D

Ficure 5.5. Reconstruction of Achilles tendon with
a turn-down flap. (A) Achilles tendon with patho-
logic segment (dark area). (B) Excision of abnormal
tissue, leaving normal ends of the tendon proxi-
mally and distally. The flap to be turned is out-

Peroneal Tendon

Dislocation

Dislocation of the peroneal tendon occurs not
infrequently when skiing or playing basket-
ball. Often the dislocation is not diagnosed
acutely. Peroneal tendon injuries should be
considered in the differential diagnosis of a

lined (dotted line). (C) After turning down the flap
the distal end is trimmed and tubularized. (D) End
of the flap is passed through a transverse drill-hole
in the calcaneus. (E) Tendon is sutured back onto
itself.

lateral ankle ligament injury. Of added
importance is the occasional occurrence of
longitudinal tears of the peroneal tendons in
conjunction with tendon dislocation.

Anatomy

The peroneal tendons are routed from the
distal leg to the foot within a groove of
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varying depth in the posterior aspect of the
inferior fibula. In this groove, the tendons are
constrained by the superior peroneal retina-
culum, which attaches to the periosteum of
the distal fibula.

Pathomechanics

Two mechanisms of injury are encountered.
Forced dorsiflexion of the foot resisted by
strong peroneal contraction or inversion of
the plantarflexed foot and ankle can result in
either frank rupture of the superior peroneal
retinaculum or stripping of the periosteal
attachments of the retinaculum, thereby
causing a redundant sheath which allows the
tendons to subluxate or dislocate anterior to
the distal fibula.

Clinical Presentation
Acute Dislocation

With acute dislocation the patient usually
notes pain localized to the lateral and poste-
rior ankle. A pop may have been felt or
heard, and a subsequent click with walking is
noted. If the injury is examined early,
swelling may be retromalleolar but later be-
comes generalized over the lateral side of the
ankle. Direct tenderness can be noted along
the retromalleolar course of the peroneal ten-
dons. It is infrequent that subluxation or

Ficure 5.6. Dislocatable peroneal
tendons.
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dislocation of the tendons is observed with
active eversion and dorsiflexion. The exam-
iner must be aware that lateral ankle injuries
and peroneal tendon dislocation can occur
concomitantly.

Chronic Dislocation

With chronic dislocation most patients com-
plain of a feeling of ankle instability with
pivoting and twisting rather than dislocation
of the tendons. Pain and clicking may be
present. The diagnosis is established by pas-
sive subluxation or dislocation of the pero-
neal tendons by the examiner or its observa-
tion on active eversion and dorsiflexion of the
foot and ankle by the patient (Fig. 5.6).

Radiography and MRI

Routine radiographs can exclude ankle frac-
tures; however, only on an internal oblique
view of the ankle can possible avulsion from
the peroneal groove be demonstrated. MRI is
beneficial for identifying associated tears of
the peroneal tendons.

Treatment

Acute injuries may respond to 6 weeks of
immobilization in a short-leg walking cast.
Incorporating a lateral horseshoe pad con-
structed of felt or similar material is useful for
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maintaining the peroneal tendons poster-
iorly. This step is followed by range of mo-
tion exercises and peroneal isometric and
resistive strengthening exercises. Early sur-
gery may be elected because of the predict-
able success of the operation and the minimal
increase in time to return to sports compared
to closed treatment. If so, the stabilization
procedure described below is utilized.

Chronic peroneal dislocation most often re-
quires surgical treatment in athletes. A
number of surgical procedures have been
used succesfully to stabilize dislocation of the
peroneal tendons. Essentially, these proce-
dures either reconstruct the peroneal retina-
culum or deepen the peroneal groove by a
bone block osteotomy, sliding graft, or osteo-
periosteal flap. We have found local recon-
struction of the peroneal retinaculum to be a
reliable method of stabilization.

Peroneal Tendon Stabilization

Technique. The technique is illustrated in
Figure 5.7.

1. Under tourniquet control and with a bump
placed underneath the ipsilateral hip, start
an incision 2 cm distal to the lateral mal-
leolus tip over the peroneal tendons. Ex-
tend this 3 cm proximal to the tip, staying
immediately posterior to the fibula to
avoid the sural nerve.

2. Incise the peroneal sheath anteriorly,
leaving a small cuff attached to the fibula.
Inspect the peroneal tendons for patho-
logic changes. Repair significant longitu-
dinal tears (usually involving the peroneus
longus) using 2-0 absorbable mattress
sutures.

3. Mobilize the lateral flap of the peroneal
sheath and place two horizontal mattress
sutures (2-0 nonabsorbable suture) in it
such that the free ends of the sutures exit
the external surface of the lateral flap.

4. At the midpoint of the peroneal groove
drill four holes, 1.5 mm in diameter, that
exit on the anterior surface of the fibula.
Pass the sutures into the drill holes.

5. With the ankle in neutral, tie the sutures
over their bony bridges. Check that ankle
motion is full. If not, the repair is too tight,
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and the sutures must be retied more
loosely.

6. Close the skin with interrupted simple
mattress sutures (3-0 nylon) and apply a
well padded U-splint or posterior splint to
the leg, ankle, and foot.

Postoperative Management. Remove the su-
tures at 10 to 14 days. At that time a short-leg
weight-bearing cast is applied for a total of 6
weeks of immobilization. Then commence
therapy with emphasis on range-of-motion of
both the ankle and subtalar joints and
strengthening of the dorsiflexor and peroneal
tendons especially. Return to activity aver-
ages 3 months from surgery. No special
taping or bracing is required.

Tendonitis and Tears
Peroneus Longus

The peroneus longus tendon is infrequently
the site of athletic injury, but it must be
considered in cases of lateral midfoot and
hindfoot pain. Injuries to the peroneus
longus tendon include acute rupture with or
without os peroneum fracture, stenosing te-
nosynovitis secondary to a healed os pero-
neum fracture, and attritional intra-substance
tears in the tendon (Fig. 5.8). These injuries
have been grouped together under the term
painful os peroneum syndrome by Sobel et
al. (1994).

Anatomy

Beyond the lateral malleolus, the peroneus
longus travels to the level of the cuboid.
There an oval accessory bone, the os pero-
neum, lies within its substance. The os pero-
neum is always present, though it is ossified
and radiologically visible in only 5% to 20% of
the population (Sarrafian, 1983; Sobel et al.,
1994). The os peroneum is tethered to the
calcaneus, cuboid, fifth metatarsal base, and
plantar fascia with soft tissue attachments
(Peterson and Stinson, 1992; Sarrafian, 1983;
Sobel et al., 1994).

Distal to this point the tendon passes
under the cuboid in a tunnel formed by a
groove in the cuboid and covered by the long
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Ficure 5.7. Repair of dislocating peroneal tendons.
(A) Peroneal tendons have slipped anteriorly over
the lateral malleolus with an incompetent superior
peroneal retinaculum. (B) Division of the superior
peroneal retinaculum, leaving a cuff attached to
the fibula. The tendons have been replaced in their

plantar ligament; it then traverses under the
foot to attach to the plantar base of the first
metatarsal and medial cuneiform. The muscle
functions to evert and pronate the foot and
plantarflex the first metatarsal (Sammarco,
1994).

Clinical Presentation

Symptoms of peroneal tendon pathology
occur both acutely and chronically. When
acute rupture occurs, it follows a traumatic
event with an inversion and plantarflexion
mechanism (Peterson and Stinson, 1992).
Tenderness and swelling are noted along
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groove behind the malleolus. (C) Sutures are
passed through the retinaculum and drill holes in
the posterior fibula. (D) Superior peroneal retina-
culum is fixed to the posterior fibula by tying the
sutures.

the course of the peroneus longus inferior
to the lateral malleolus, though eversion of
the foot and plantarflexion of the first
metatarsal may be intact (Kilkelly and
McHale, 1994).

Chronic symptoms are not infrequently
associated with lateral ankle instability or
peroneal tendon dislocation and are due to
attritional tears of the tendon and healing
fractures or diastasis of the os peroneum
(Sobel et al., 1994). The lateral hindfoot pain
can be associated with swelling over the
tendon below the malleolus and pain on
single-toe raises. Tenderness and crepitus
may be present along the course of the
tendon as well.
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Ficure 5.8. Peroneus longus rupture through the os peroneum. The os peroneum is fractured, and the
proximal piece has retracted. (A) Radiograph. (B) Illustration.

Radiography

The oblique radiograph of the foot can be
useful for excluding a fracture of the os
peroneum, when ossified. MRI can identify
intrasubstance tears of the tendon as well as
complete disruption (Kilkelly and McHale,
1984; Mink et al., 1991; Sammarco, 1994).

Nonoperative Treatment

Tendonitis of the peroneus longus is readily
treated with a period of rest and oral anti-
inflammatory medication. Use of a short-leg
walking cast for 3 to 4 weeks may prove
helpful in difficult cases. A longitudinal arch
support with medial posting to prevent pro-
nation can be used for a short period when
activities are resumed (Sammarco, 1994).
These measures are less successful in treating
intrasubstance tears.

Operative Treatment

Surgery is often necessary if there is signifi-
cant pain and weakness associated with a
tendon tear or rupture or with os peroneum
fracture. Intrasubstance tears are treated by
excision of the defect and primary repair, and
ruptures can be treated by primary repair if
the injury is acute or tenodesis to the pero-
neus brevis if it is chronic (Kilkelly and
McHale, 1994; Sammarco, 1994; Sobel et al.,
1994; Thompson and Patterson, 1989). Frac-
ture of the os peroneum without tendon
disruption is treated by excising the accessory
bone (Peterson and Stinson, 1992).

Technique

1. A general anesthetic is administered and a
thigh tourniquet applied. A curvilinear in-
cision is made from the tip of the lateral
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malleolus to the base of the fifth meta-
tarsal. The sural nerve is identified and
protected.

2. The peroneal sheath is entered, and the
peroneus brevis and peroneus longus ten-
dons are inspected.

3. If there are attritional tears in the sub-
stance of the tendon, the degenerated
tissue is excised and the defect closed with
a running stitch of 2-0 absorbable suture.

4. If an acute rupture of the peroneus longus
is present, the ends are freshened and
primarily repaired using a Bunnell-like
stitch of #1 nonabsorbable suture.

5.1f the rupture is chronic, regardless of
whether the os peroneum is fractured, the
degenerated ends of the tendon and the
os peroneum are excised. A side-to-side
anastomosis of the proximal and distal
ends of the peroneus longus to the pero-
neus brevis tendon is performed with mul-
tiple stitches of #1 nonabsorbable suture.

6. If the tendon is intact but the os peroneum
has fractured, the fractured fragments are
shelled out from the tendon and the defect
repaired with 2-0 absorbable sutures.

7. In all cases, the peroneal sheath and reti-
naculum are repaired with 2-0 absorbable
sutures, the skin closed, and a posterior
splint applied.

Postoperative Management. No weight-bearing
is permitted for 10 to 14 days, at which time
the skin sutures are removed. A short-leg
cast is applied with the foot in slight eversion
for an additional 4 weeks. A short-leg
walking orthosis is then worn for 4 to 6 weeks
with removal several times a day for range-
of-motion exercises and therapeutic modali-
ties. Peroneal resistive exercises are not per-
mitted until 8 to 10 weeks. Athletic activities
can be resumed as early as 3 months after

surgery.

Peroneus Brevis Tendon

Unlike dislocation, tendinitis/partial rupture
of the peroneus brevis tendon is infrequently
encountered and only recently has been de-
scribed as a clinical entity. It is typically the
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consequence of an inversion injury of the
ankle, and its symptoms resemble those as-
sociated with a lateral ankle sprain.

The peroneus brevis muscle pronates and
everts the foot. Underneath the tip of the
fibula its tendon undergoes a shift in direc-
tion. This change, together with potential
abrasion from a bony or cartilaginous ridge
along the undersurface of the malleolus, lim-
ited vascularity of the tendon underneath the
malleolus, and a prominent calcaneofibular
ligament, has been implicated in the devel-
opment of peroneus brevis tendinitis and
tears. (Meyer, 1924; Sammarco, 1994; Sam-
marco and DeRaimondo, 1989; Scheller et al.,
1980; Sobel et al., 1994; Trevino and Baum-
hauer, 1992).

Tendinitis is associated with swelling
within the tendon sheath. Partial tears of the
tendon are usually longitudinal fissures that
may be single or multiple and are found in
the area of the tip of the lateral malleolus (Fig.
5.9) (Sammarco, 1994; Trevino and Baum-
hauer, 1992). These tears have been noted to
affect the anterior or middle portion of the
tendon (Jones, 1993).

Clinical Presentation

Tendinitis/partial rupture may occur acutely
following an inversion injury, or it may
present with chronic symptoms. In the latter
instance, there may have been a remote in-
version injury that caused the process to
develop subclinically. When it occurs acutely,
the athlete notes lateral ankle pain and

Ficure 5.9. Longitudinal tear in the peroneus
brevis inferior to the lateral malleolus.
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swelling similar to that of an inversion
sprain; chronic injury is more likely to cause
weakness or giving-way when cutting and
jumping than pain, which is referred to the
lateral ankle. With an acute injury the exam-
ination reveals swelling in the tendon sheath,
and both acute and chronic injuries present
with tenderness along the peroneal tendons
underneath the lateral malleolus. Manual
muscle testing of foot eversion can be painful
and weak. Associated lateral ankle instabil-
ity, demonstrated clinically or radiographi-
cally, has been described (Sammarco and
DeRaimondo, 1989). Despite these findings,
the diagnosis may prove elusive.

Radiography

Routine radiographs are normal. Peroneal
tenography may show a partial tear in the
tendon, but this procedure is invasive (Tre-
vino and Baumhauer, 1992). MRI can demon-
strate swelling within the tendon sheath with
either tendinitis or a partial tear (Sammarco,
1994). With a tear, an increased signal within
the tendon and alteration of normal mor-
phology can be noted (Mink et al., 1981).

Nonoperative Treatment

Tendinitis is treated with activity restriction,
oral NSAIDs, and occasionally a period of
non-weight-bearing immobilization. If symp-
toms do not resolve, surgical synovectomy is
offered to the patient.

Operative Treatment

Symptoms that are not responsive to non-
operative measures should alert the physi-
cian to the possibility of a partial tear in the
tendon. Tears generally require surgical treat-
ment (Jones, 1993). At the time of surgery the
tendon is assessed and treatment individual-
ized. If the tendon is normal, synovectomy
alone is performed. If there is only a small
slip of tendon torn, it is removed. A larger,
centrally located tear can be treated with
excision of the edges and primary repair. If
the entire tendon is involved, particularly if it
is significantly frayed, the abnormal tendon
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segment is excised, and the normal tendon
above and below are tenodesed to the pero-
neus longus tendon. Any associated insta-
bility of the ankle should be addressed at the
same time, with delayed repair or reconstruc-
tion of the lateral ankle ligaments.

Technique

1. An appropriate general or regional anes-
thetic is administered. The patient is posi-
tioned supine with a bump placed under
the ipsilateral hip. A thigh tourniquet is
used.

2. A 7 to 10 cm incision is made along the
course of the peroneus brevis tendon be-
ginning 1 to 2 cm proximal to the tip of the
malleolus. The peroneal tendon sheath is
split longitudinally in its center, extending
from distal to the lateral malleolus, al-
lowing the superior peroneal retinaculum
to be advanced into the malleolus if any
redundancy of the retinaculum exists.

3. The peroneus brevis and longus tendons
are then inspected.

4. If the tendons appear normal, a syno-
vectomy is performed to remove the syno-
vial lining of the sheath.

5.1f there is a tear that has a small slip
separated from the bulk of the tendon, this
slip is simply excised.

6. If the tear is larger and more centrally
located in the tendon, the edges are ex-
cised on both sides with a scalpel. The
defect is then closed with a running stitch
of 2-0 absorbable suture.

7. If the entire tendon is involved and frayed,
the pathologic segment is excised. The
proximal and distal stumps are sutured
side-to-side to the peroneus longus tendon
with interrupted stitches using a #1 nonab-
sorbable suture.

8. The peroneal sheath is then closed with a
running stitch of 0 absorbable suture. The
wound is closed and a posterior splint
applied.

Postoperative Management

Crutches are used for 10 to 14 days, at which
point the splint and skin sutures are re-
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moved. If a synovectomy alone has been
performed or if a small slip of tendon was
excised, the athlete wears a removable
walking orthosis for 3 to 4 weeks, performing
range of motion exercises and receiving
therapeutic modalities. If a tear has been
repaired or a tenodesis performed, a short-
leg walking cast is applied and worn for 4
weeks. Return to activity follows restoration
of motion and maximal gains in strength and
proprioception.

Posterior Tibialis Tendon

Injury to the posterior tibialis tendon,
common in middle-aged individuals, fre-
quently leads to a flatfoot deformity (Funk et
al., 1986; Johnson and Strom, 1989). Al-
though older athletes are particularly suscep-
tible, injury can also occur in younger ath-
letes. Types of injuries include the rare acute
rupture, insertional tendonitis, and tenosy-
novitis that may lead to partial or complete
rupture and ultimately a flatfoot deformity
(Fig. 5.10). (Conti, 1994; Funk et al., 1986;
Johnson and Strom, 1989; Monto et al., 1991;
Woods and Leach, 1991).

Anatomy and Function

The posterior tibialis muscle lies in the deep
posterior compartment of the leg, and its
tendon passes directly behind the medial
malleolus in a synovial sheath to attach to the
medial pole of the navicular. Small slips of
the tendon also attach to the plantar aspect of
the three cuneiforms, the cuboid, and the
medial three metatarsal bases. A zone of
hypovascularity exists in the tendon in the
area just distal to the medial malleolus (Frey
et al., 1990).

The posterior tibialis muscle is an impor-
tant dynamic stabilizer of the longitudinal
arch (Conti, 1994). It acts during the foot-flat
interval of the stance phase of gait with
eccentric contraction, followed by concentric
contraction through the toe-off interval
(Mann, 1993). When posterior tibialis func-
tion is lost, collapse of the medial longitu-
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Ficure 5.10. Tibialis posterior tendon injury. (A)
Normal course of the posterior tibialis tendon as it
travels under the medial malleolus to insert along
the navicular. (B) Insertional tendonitis of the
posterior tibialis. (C) Partial rupture with a longi-
tudinal fissure and swelling just inferior to the
malleolus.

dinal arch results with a flatfoot deformity
and inability to support the body with toe
raise.

Pathomechanics

The etiology of tendon rupture is unknown.
One theory is that mechanical irritation
against the undersurface of the medial mal-
leolus is the cause. Alternatively, as the
tendon changes direction underneath the
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malleolus it may be chronically stressed,
eventually leading to rupture. Finally, the
existence of the hypovascular area under-
neath the malleolus may contribute to tendon
disruption (Fig. 5.11).

Clinical Presentation

The usual presentation of posterior tibialis
tendon pathology is a gradual onset of medial
hindfoot or arch pain. It may be present for
months with only mild to moderate func-
tional limitation. Examination of the foot
during this time reveals tenderness and slight
swelling along the course of the tendon from
the medial malleolus to the navicular. There
may be discomfort with single-leg toe raises
on the affected side, corresponding to te-
nosynovitis in the tendon sheath (Johnson
and Strom, 1989; Trevino and Baumbhauer,
1992).

This stage is followed by an abrupt or rapid
decrease in function and increase in pain.
There is still tenderness and swelling and
now an inability to perform single-leg toe
raises. At this point there has been a tear in
the tendon, either a partial intrasubstance
tear or a complete rupture.

The final phase occurs over the ensuing
several months as the plantar ligaments are
gradually stretched during weight-bearing
with a nonfunctional posterior tibialis ten-
don. It causes loss of the longitudinal arch
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Ficure 5.11. Partial rupture of
the posterior tibialis tendon. The
tendon is frayed and substan-
tially torn. The flexor digitorum
longus tendon is seen running
behind it, already harvested for
a tendon reconstruction proce-
dure.

with prominence of the head of the talus in
the medial hindfoot and abduction of the
forefoot.

Radiography

Routine radiographs of the foot and ankle are
usually obtained to exclude other causes of
hindfoot pain. Tenosynovitis and tendon
rupture cannot be diagnosed on plain radio-
graphs. MRl is an excellent test for evaluating
posterior tibialis tendon pathology. Tenosy-
novitis demonstrates fluid within the tendon
sheath without disruption of the tendon it-
self. Tendon tears are classified as one of
three types based on MRI findings (Mink et
al., 1991). Type I has longitudinal splits
within the tendon and appears swollen or
hypertrophic. Type II also has longitudinal
splits, but the tendon appears thin or atro-
phic. This phase is probably a prerupture
stage. Type III demonstrates complete rup-
ture of the tendon.

Nonoperative Treatment

Tenosynovitis is treated by a combination of
rest and antiinflammatory medication. The
rest is provided with activity limitation or
cessation or cast immobilization for 3 to 4
weeks. Steroid injections are contraindicated,
as they have been implicated in rupture of
the posterior tibialis tendon (Trevino et al.,
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1981). If there is incomplete relief after cast
immobilization, synovectomy and inspection
of the tendon are indicated.

If longitudinal tears have occurred in the
tendon but it remains in continuity, a course
of cast immobilization can be attempted. It is
unlikely to be successful, however, and
surgery is necessary to restore function.
Similarly, a frank rupture, regardless of the
presence of hindfoot deformity, is associated
with significant functional loss that can-
not be restored without surgery. Accommo-
dation with a brace allows pain relief and
some restoration of function but not enough
to allow further participation in athletic
activities.

Operative Treatment

Surgery of posterior tibialis tendon pathology
begins with open synovectomy of the tendon
sheath. At that time the tendon is inspected;
and if a small intrasubstance tear is found, it
is excised and the tendon primarily repaired.
Large repairs or frank ruptures require recon-
struction with transfer of the flexor digitorum
longus tendon. If the arch has collapsed, a
soft tissue procedure alone is inadequate for
restoring hindfoot function, and hindfoot fu-
sion is necessary.

Synovectomy of Posterior Tibialis
Tendon Sheath

Technique

1. A general anesthetic is administered and a
thigh tourniquet applied. A curvilinear in-
cision is made over the course of the
tendon posterior to the malleolus, begin-
ning proximally 3 to 4 cm and extending
distally immediately beyond the navicular.

2. The tendon sheath is identified and split
longitudinally from the navicular to the
proximal extent of the wound with scis-
sors. With synovitis there is typically
bulging fluid, and the synovium is thick-
ened and inflamed. The synovial lining of
the sheath is removed with scissors.

3. The tendon is inspected for any defects
that can be repaired if small. A tear with a
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rim of normal tendon tissue is excised with
a #15 scalpel. If the remaining tendon is
more than one-half its normal diameter,
direct repair is possible. The defect is
closed with a running 2-0 absorbable su-
ture. If the remaining tendon is smaller
than one-half its original diameter it
should be reconstructed with a flexor digi-
torum longus tendon transfer.

4. At this point the sheath is closed with a
running 2-0 absorbable suture, the subcu-
taneous tissue and skin are closed, and a
posterior splint is applied.

Postoperative Management

Crutches are used, and weight-bearing is
avoided until 10 to 14 days after surgery
when the skin sutures are removed. Therapy
and unrestricted weight-bearing are started.
If any repairs are performed, running is de-
ferred until 3 months.

Reconstruction of Posterior Tibialis
Tendon With FDL Transfer

Technique

1. This procedure proceeds similarly to syno-
vectomy of the tendon sheath. If a tear is
identified that leaves less than one-half the
diameter of the normal tendon after it has
been excised, or if there has been complete
rupture of the tendon, reconstruction is
performed.

2. The sheath of the flexor digitorum longus
(FDL) is entered and opened completely
into the midfoot. With tension on the
tendon it is cut at the master knot of Henry
with scissors. The distal end is let free.

3. The proximal end of the FDL is trimmed
and a Bunnell-like stitch placed in it with
#1 nonabsorbable suture.

4. A dorsal-to-plantar drill hole is made in the
medial pole of the navicular with a %4 inch
drill bit and widened with a small curet,
taking care not to fracture the bone.

5. The FDL tendon is then woven through
the posterior tibialis tendon three or four
times, stoppping at its inferior edge at the
level of the navicular.
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6. The tendon is passed upward through the
drill hole in the navicular and then back
onto the woven tendons proximally.

7. The foot is placed in plantarflexion and
supination, and the tendon is tied to itself.
Multiple stitches of a 0 absorbable suture
are placed at each weave of the FDL
through the posterior tibialis, at the
plantar and dorsal holes in the navicular,
and at the site where the tendon is tied
back on itself.

8. The tendon sheath is repaired with a run-
ning stitch of 2-0 absorbable suture, and
the subcutaneous and skin layers are
closed separately. A short leg cast is ap-
plied with the foot in plantarflexion and
supination.

Postoperative Management

The sutures are removed after 10 to 14 days,
and another cast is worn until 4 weeks after
surgery. A walking cast is then applied with
the foot positioned plantigrade and is worn
for 4 weeks, after which a walking orthosis is
used for an additional 4 weeks. At 12 weeks
after surgery protection is removed, and
therapy for range of motion, strengthening,
and proprioception of the ankle and foot iks
started. Return to activity takes 4 to 6
months.

Flexor Hallucis Longus Tendon

Injury to the flexor hallucis longus tendon at
the ankle has been recognized primarily in
runners and dancers with occurrence re-
ported in a diver and tennis player (Cowell
and Elener, 1982; Frey and Shereff, 1988;
Hamilton, 1982; McCarroll et al., 1983;
Newman and Fowles, 1984; Sammarco and
Miller, 1979; Trepman et al., 1995). The flexor
hallucis longus tendon (FHL) enters the foot
through a fibroosseous tunnel along the pos-
terior ankle. Its superior edge is defined by
the posterolateral process of the talus, and it
extends inferiorly to the sustentaculum tali
on the medial side of the hindfoot. The
tendon direction changes from a vertical ori-
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entation to horizontal within this tunnel
(Mink et al., 1991). As a result, the tendon
can become irritated, developing partial in-
trasubstance tears, that cause it to swell and
become tethered (Fig. 5.12).

Clinical Presentation

Pain is present in the posterior ankle between
the talus and the Achilles tendon. Deep pal-
pation in this area may reveal tenderness.The
pain is typically aggravated by passive mo-
tion of the great toe. With significant swelling

Ficure 5.12. Flexor hallucis longus and its tendon.
The flexor hallucis longus tendon runs in a tunnel
along the posterior and medial ankle to the level of
the sustentaculum tali. The upper level of the tun-
nel is defined by the posterior tubercles of the talus.
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the tendon may become entrapped and cause
triggering, leading to intermittent clawing of
the great toe (Cowell and Elener, 1982; Ha-
milton, 1982, 1993; McCarroll et al., 1983;
Newman and Fowles, 1984; Sammarco and
Miller, 1979; Trepman et al., 1995). Entrap-
ment can be verified by comparing hallux
metatarsophalangeal (MTP) extension with
the ankle in the neutral and plantarflexed
positions. With entrapment, passive motion
of the joint is possible in the plantarflexed
position but not when the ankle is held in
neutral (Jones, 1993).

Radiography

Routine radiographs are unremarkable,
though if they show a coincident os trigonum
or large posterior talar process the diagnosis
may be misinterpreted. MRI is a useful test
for evaluating difficult cases (Mink et al.,
1991; Trepman et al., 1995). Fluid can be
identified about the tendon in the area of the
fibroosseous tunnel from the level of the
posterior talus to the sustentaculum tali.

Nonoperative Treatment

The nonoperative treatment is the same as for
posterior ankle impingement. Activity limita-
tions and NSAIDs for a short course of 10 to
14 days may provide relief. Immobilization in
a short-leg walking cast with an extended toe
plate to prevent great toe motion may be
helpful as well.

Operative Treatment

For athletes who do not obtain relief with
nonoperative methods or those who have
persistent triggering of the great toe, release
of the fibroosseous tunnel of the flexor hal-
lucis longus tendon is warranted. The medial
approach is favored because it allows access
to the entire fibroosseous canal. Many case
reports suggest that full return of function
can be expected after this procedure (Cowell
and Elener; 1982; Hamilton, 1982; McCarroll
et al., 1983; Newman and Fowles, 1984;
Sammarco and Miller,1979; Trepman et al.,
1995).
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Surgical Release of the FHL Sheath
Technique

1. A general anesthetic is administered and a
thigh tourniquet applied. A bump is
placed under the opposite hip to facilitate
exposure of the medial side of the poste-
rior ankle.

2. A longitudinal curved incision is made in
line with the flexor tendons posterior to
the medial malleolus. The flexor retina-
culum is divided in line with the incision,
and the flexor digitorum longus tendon is
identified by dorsiflexing the toes. The
dissection continues in the interval be-
tween the flexor digitorum longus tendon
and the posterior tibial artery adjacent to
the tendon.

3. With the neurovascular bundle gently re-
tracted posteriorly and the flexor digi-
torum longus tendon anteriorly, the un-
derlying flexor hallucis longus tendon is
seen intimately applied to the posterior
ankle. Dorsiflexion of the great toe helps to
identify its tendon. The tunnel through
which the FHL passes into the foot is
defined by the trigonal process.

4. The sheath overlying the tendon is then
split in a proximal to distal direction to the
level of the sustentaculum tali. The neuro-
vascular bundle should be identified over
the course of this dissection to avoid injury
to it. The tendon is inspected to identify
any longitudinal tear; if present, it is dé-
brided and repaired with a running stitch
of 3-0 absorbable suture.

5. The wound is closed in layers, with the
flexor retinaculum repaired using 2-0 ab-
sorbable sutures. After closing the skin, a
well padded posterior splint is applied.

Postoperative Management

No weight-bearing is allowed for 10 to 14
days. The skin sutures are then removed,
and weight-bearing is allowed to progress
as tolerated. Therapy for local muscle
strengthening is started, but training activi-
ties should be avoided until 6 weeks after the

surgery.
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Tibialis Anterior Tendon

The anterior tibialis muscle originates from
the proximal tibia and interosseous mem-
brane. It becomes tendinous at the level of
the distal tibial metaphysis. The tendon
passes in front of the ankle in a straight
course underneath the superior extensor re-
tinaculum to attach to the dorsum of the
medial cuneiform and base of the first meta-
tarsal. It is the primary dorsiflexor of the
ankle and a secondary invertor (Frey and
Shereff, 1988). Despite its subcutaneous
course, the tendon is rarely injured, probably
because it does not change direction against a
bony fulcrum and because of its excellent
blood supply (Geppert et al., 1993; Trevino
and Baumhauer, 1992).

Clinical Presentation

Tendinitis can be due to overuse and has
been described due to direct pressure against
the subcutaneous tendon by ski boots (Tre-
vino and Baumhauer, 1992). Rupture of the
anterior tibialis tendon is an unusual injury
that occurs in two distinct populations. The
most common presentation is in elderly per-
sons who have an atraumatic rupture. They
typically note the insidious onset of a foot-
drop (Jones, 1993; Ouzounian and Anderson,
1995). The second presentation follows an
acute traumatic episode, generally also in
older individuals who may be involved in
sporting activities, but it can also occur in
young athletes (Frey and Shereff, 1988; Ou-
zounian and Anderson, 1995; Stuart, 1991).

Patients with tendinitis are noted to have
tenderness over the course of the tendon and
pain with resisted dorsiflexion of the ankle. A
rupture can be diagnosed by a visual or
palpable defect in the tendon, weakness of
ankle dorsiflexion, or footdrop.

Radiography

Routine radiographs are unremarkable. Al-
though the rupture can readily be identified
with an MRI scan, the diagnosis should be
apparent clinically (Mink et al., 1991; Ouzou-
nian and Anderson, 1995).

5. Tendon Disorders

Nonoperative Treatment

Tendinitis is treated by activity limitation and
NSAIDs. If it is caused by direct pressure
against the tendon, the irritant should be
relieved.

Operative Treatment

Chronic rupture in the older patient may be
satisfactorily treated with a brace, or it may
even be left untreated (Bernstein, 1995). In
the young patient surgery should be per-
formed. When rupture of the tendon is rec-
ognized early, a direct repair is possible
(Jones, 1993; Ouzounian and Anderson,
1995; Stuart, 1991; Trevino and Baumhauer,
1992). If the rupture has been unrecognized
for several months, reconstruction using ex-
tensor hallucis longus tendon transfer or in-
terposition of an extensor digitorum longus
tendon graft can be performed, allowing re-
turn to recreational activities (Ouzounian and
Anderson, 1995).
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Nerve Injuries

Morton’s Neuroma

One of the most common causes of forefoot
pain is irritation of an interdigital nerve
termed Morton’s neuroma. The typical symp-
toms were first described in 1876 by Thomas
Morton, and in 1940 Betts identified a neu-
roma as the cause of this pain. The syndrome
has classically referred to neurogenic pain in
the ball of the foot centered between the third
and fourth toes.

Morton’s neuroma is caused by irritation of
the interdigital nerve as it passes under the
transverse metatarsal ligament (Fig. 6.1)
(Graham and Graham, 1984; Graham et al.,
1981; Mann and Reynolds, 1983). During the
last stage of stance in the gait cycle, weight is
transferred onto the ball of the foot and the
toes dorsiflex. The interdigital nerve is
squeezed between the plantar aspect of the
foot below and the edge of the intermeta-
tarsal ligament above, leading to the devel-
opment of swelling and fibrosis in the area
within and about the nerve at the level of the
ligament.

The common digital nerve to the third
interspace receives contributions from the
medial and lateral plantar nerves, which may
produce a tethering effect in this interspace
(Jones and Klenerman, 1984). It is also the
border of the relatively rigid medial three
rays and the relatively mobile lateral two
rays, and the digital nerve within this space
may be subject to a shearing stress.

Morton’s neuroma is a common cause of

forefoot pain in the general population. It
probably occurs in all sporting populations
but has been reported primarily in runners
and dancers.

Clinical Presentation

Patients complain of pain in the ball of the
foot that is worse with tight shoes and
weight-bearing and is relieved by rest. The
pain is variably described as burning, stab-
bing, or a sensation of “standing on a pebble”
under the ball of the foot. Symptoms usually
develop insidiously, and it is rare that an
acute episode is described.

The third interspace is the usual site of
Morton’s neuroma, but the second interspace
is also involved in a significant number of
cases (Mann and Reynolds, 1983). The first
and fourth are only rarely involved. The
occurrence of simultaneous neuromas in
multiple interspaces is rare (Thompson and
Deland, 1993). If pain occurs across multiple
areas, other etiologies must be considered.

A careful examination differentiates ten-
derness in the interspace from metatarsopha-
langeal (MTP) joint tenderness. A fullness
may be appreciated on palpating the inter-
space. The pain of a Morton’s neuroma can
be amplified by palpating the interspace be-
tween the thumb and index finger with one
hand while simultaneously compressing the
forefoot with pressure on the first and fifth
metatarsal heads with the other hand. This
maneuver may also elicit a palpable or even
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Ficure 6.1. Morton’s neuroma. (A) Anterior view
of the foot showing a neuroma in the nerve to the
third web space. The neuroma lies underneath the
transverse metatarsal ligament. (B) Plantar view of
the foot showing the same neuroma. Note the
contributions to this nerve from both the medial
and lateral plantar nerves.

audible click, termed Mulder’s click. In cases
where the diagnosis is unclear, selective in-
jections of local anesthetic into the interspace

6. Nerve Injuries

or the adjacent MTP can be used to identify
the origin of the pain.

Radiography

Radiographs are obtained to exclude other
pathology, such as a metatarsal stress frac-
ture or abnormality of the MTP joint. The
diagnosis is determined from the history and
physical examination.

Nonoperative Treatment

A shoe with a narrow toebox “squeezes” the
metatarsal heads together, irritating the dig-
ital nerve; and elevated heels increase dorsi-
flexion at the MTP joints. Therefore the first
step of treatment is to wear shoes that are flat
and have a wide toebox. A HAPAD placed
proximal to the MTP joints of the involved
interspace transfers plantar pressure proxi-
mally and limit pressure in the area of the
neuroma. It may also limit dorsiflexion of the
involved MTP joints. Stiffening of the sole in
the forefoot can also decrease MTP joint
motion. Conversely, orthotic devices that ex-
tend from the heel only up to the ball of the
foot may increase dorsiflexion at the MTP
joints and lead to increased nerve irritation.

Corticosteroid injection into the interspace
may give long-standing or even permanent
relief (Greenfield et al., 1984).

1. A 25 gauge 1.5 inch needle is attached to a
3 ml syringe filled with 1% lidocaine
without epinephrine and inserted into the
dorsum of the foot between the metatarsal
heads of the involved interspace. The
needle is slowly advanced while injecting
the local anesthetic until is contacts the
plantar aspect of the foot. It is then with-
drawn a distance of approximately 1 cm
and the syringe removed from the needle.

2. A 1.0 ml syringe filled with a corticosteroid
solution is attached to the needle and the
steroid injected into the interspace. Main-
taining the position of the needle, the
lidocaine only syringe is reattached. As the
needle is withdrawn, local anesthetic is
continuously injected, a maneuver that
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prevents introduction of steroid into the
skin or subcutaneous tissue.

Operative Treatment

When conservative treatment is not success-
ful, surgery should be considered. It is an out-
patient operation that yields good pain relief
in approximately 80% of patients (Johnson et
al., 1988; Mann and Reynaolds, 1983), al-
though a significant number of patients con-
tinue to be symptomatic after surgery.

Improper web space selection or misdiag-
nosis of an MTP joint problem as a Morton’s
neuroma are causes of surgical failure. The
formation of a painful stump neuroma is
another (Johnson et al., 1988). If the cut end
of the nerve does not retract proximally into
soft tissue, the resulting stump neuroma may
continue to be irritated and cause persistent
pain that the athlete perceives as similar to
the preoperative pain. There are multiple fine
plantar-directed branches of the interdigital
nerve that can act to tether the nerve and
prevent retraction after neuroma resection
(Amis et al., 1992).

When pain persists after excision of the
neuroma, the nonoperative treatments
should be retried. Additionally, formal phys-
ical therapy can provide desensitization by
massage of the scar and interspace. Contrast
baths and the use of transcutaneous electrical
nerve stimulation (TENS) units are often
helpful for treating postoperative pain.

The nonoperative treatment should be
used for an adequate time before considering
a second operation. Repeat excision is done
through a plantar approach, as this approach
allows better access to the more proximal
nerve (Beskin and Baxter, 1988).

Excision of Primary Morton’s Neuroma

A primary Morton’s neuroma is excised
through a dorsal incision at the base of the
appropriate web space.

Technique

1. Under tourniquet control, a 3 cm longitu-
dinal incision is made beginning at the
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base of the identified web space. He-
mostasis by electrocautery is important to
allow visualization of the nerve. After dis-
secting through the subcutaneous tissue,
the interspace is entered.

2. Upward pressure is manually applied to
the ball of the foot, which brings the neu-
roma into view in the interspace. It is
grasped with a small clamp, and the over-
lying intermetatarsal ligament just prox-
imal to it is cut with tenotomy scissors.

3. The scissors are then used to separate the
proximal nerve from its accompanying ar-
tery. With distal traction through the
clamp the nerve is resected at the highest
level. The distal limbs of the nerve are then
resected and the specimen sent for histo-
logic confirmation.

4. Hemostasis is meticulously obtained after
tourniquet deflation, and the wound is
closed in layers. A soft dressing is applied.

Postoperative Management

Immediate weight-bearing is allowed with a
postoperative shoe. The sutures are removed
at 10 to 14 days, and shoewear is advanced.
Athletic activities are avoided for 4 weeks
after surgery.

Excision of Recurrent Morton’s Neuroma

Reoperation for failed Morton’s neuroma sur-
gery is done through a plantar approach (Fig.
6.2). It is technically easier if the patient is in
the prone position.

Technique

1. After tourniquet inflation, the heads of the
metatarsals bordering the involved inter-
digital nerve are palpated and marked. A
3 to 4 cm longitudinal incision is made
starting between the metatarsal heads
and extending proximally. It continues
through the subcutaneous tissue and the
distal extent of the plantar fascia, which
has multiple nonuniform tracts at this
level.

2. The nerve is identified proximally, as it lies
superficial to the tendons of the flexor
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Ficure 6.2. Plantar incision to remove a recurrent
Morton’s neuroma.

digitorum longus. It is traced distally to
verify that it is directed to the proper
interspace. It may be dissected distally
with tenotomy scissors to identify the site
of previous excision where the stump neu-
roma has formed.

3. The nerve should be resected as far proxi-
mally as possible to ensure that the next
stump neuroma that forms is in a well
padded area of the midfoot.

4. The wound is closed in layers and a soft
dressing applied.

Postoperative Management

The patient is kept non-weight-bearing for 2
weeks, at which point the skin sutures are
removed and weight-bearing is advanced as
tolerated. Athletic activities should be
avoided until 6 weeks after surgery.

6. Nerve Injuries

Tarsal Tunnel Syndrome

Tarsal tunnel syndrome is defined as entrap-
ment of the posterior tibial nerve in its tunnel
as it passes posterior to the medial malleolus
to enter the foot (Cimino, 1990). It is analo-
gous to carpal tunnel syndrome, although it
occurs much less commonly. The syndrome
was first described in 1960 with the termi-
nology coined by Keck in 1962.

Anatomy

The posterior tibial nerve originates from the
sciatic nerve and enters the deep posterior
compartment of the leg between the two
heads of the gastrocnemius. Coursing be-
tween the soleus and posterior tibialis mus-
cle, it descends the leg to the ankle. It termi-
nates in three branches in the tarsal tunnel,
the medial and lateral plantar nerves and the
calcaneal branch.

The medial plantar nerve provides sensa-
tion to the plantar medial aspect of the foot,
extending from the great toe to the medial
half of the fourth toe. The lateral plantar
nerve provides sensation from the fourth toe
laterally. The medial plantar nerve innervates
the abductor hallucis, flexor brevi, and first
lumbrical. The lateral nerve’s motor innerva-
tion includes the abductor digiti quinti, inter-
ossei, adductor hallucis, and second to fifth
lumbricals. The calcaneal branch provides
sensation to the heel pad.

The roof of the tarsal tunnel is formed by
the flexor retinaculum, also called the laci-
niate ligament, which is a fan-shaped struc-
ture that attaches anteriorly to the medial
malleolus. The retinaculum spreads poste-
roinferiorly, attaching to the lateral wall of
the calcaneus and the superior border of the
abductor hallucis fascia. Superiorly, it ex-
tends 10 cm proximal to the tip of the mal-
leolus. It has septated attachments to the
sheaths of the posterior tibialis, flexor digito-
rum, and flexor hallucis longus tendons.

Etiology

Tarsal tunnel syndrome occurs when the
contents of the tunnel are compressed intrin-
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sically or extrinsically (Cimino, 1990). Space-
occupying lesions account for approximately
one-half of the cases of tarsal tunnel syn-
drome. Ganglions, varicosities, lipomas, and
neurilemomas have been associated with
tarsal tunnel syndrome. Direct trauma to the
posterior tibial nerve in the tarsal tunnel can
be caused by ill-fitting ski boots. The syn-
drome has been reported in runners, danc-
ers, and mountain climbers. Repetitive dorsi-
flexion has been proposed as the cause in this
latter group of athletes. In the remaining
patients no precise etiology has been identi-
fied. The symptoms may be caused by a
hypertrophic abductor hallucis muscle or
thickened fascia that compresses the plantar
nerves.

Clinical Findings

The patient typically describes an insidious
onset of symptoms in the sensory distribution
of the involved nerves. It may involve one,
two, or all three branches of the posterior tibial
nerve but usually not the calcaneal branch
alone. Intermittent paresthesias, dysesthe-
sias, or anesthesia in the plantar aspect of the
foot are described, and there may be proximal
radiation of pain. Rest pain is uncommon; and
because sensory nerves are smaller and more
sensitive to ischemia, motor findings are also
uncommon. With long-standing entrapment,
intrinsic weakness demonstrated by clawing
of the toes or abductor hallucis atrophy may
be seen, but it is unusual.

In affected patients, percussion along the
course of the posterior tibial nerve in the
tarsal tunnel can reproduce symptoms (per-
cussion sign). Manual compression of the
tarsal tunnel for 60 seconds may also repro-
duce symptoms. Finally, heel eversion or
inversion can alter the shape of the tarsal
tunnel enough to produce symptoms in some
patients (Cimino, 1990).

Electrodiagnostic Tests

Electromyography and measurements of
nerve conduction velocity are useful for diag-
nosing tarsal tunnel syndrome. These tests
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are routinely performed for any patient sus-
pected of having tarsal tunnel syndrome.
Electrodiagnostic tests are reliable for the
tibial nerve and the plantar nerves but are not
useful for evaluating the calcaneal branch.

Posterior tibial nerve conduction velocity is
measured to exclude the possibility of periph-
eral neuropathy. The distal motor latencies of
the medial and lateral plantar nerves have
been the standard tests for diagnosing tarsal
tunnel syndrome. Increases in the terminal
latency of the medial plantar nerve above 6.2
ms and the lateral plantar nerve above 7.0 ms
have been considered abnormal, although
variability occurs (Cimino, 1990). The distal
motor latencies give a false negative result in
45% of cases, and a better test is the sensory
distal latency, which is positive in 90% of
patients with tarsal tunnel syndrome. This
test battery is similar to the evaluation for
carpal tunnel syndrome, where sensory con-
duction studies are more sensitive than
motor studies.

Electromyography and nerve conduction
tests are performed bilaterally in the patient
with suspected tarsal tunnel syndrome.
None of these tests, however, is definitive. It
must be emphasized that these studies are
done in the static situation and so often do
not identify a nerve entrapment that occurs
transiently during activity. Although sensory
latency appears to be the most sensitive test,
it nonetheless yields a significant number of
false negative results. Therefore whereas a
positive result may be confirmatory, a nega-
tive result does not preclude the diagnosis.

Nonoperative Treatment

The treatment of tarsal tunnel syndrome de-
pends on the etiology. Athletes may do well
with a short course of activity restriction or
immobilization, a nonsteroidal antiinflamma-
tory medication (NSAID), or steroid injec-
tion. Mixed results have been obtained with
orthotic prescription. One report found or-
thotic devices to be helpful in patients in
whom hypermobile valgus hindfeet is the
cause of tarsal tunnel syndrome. In the ath-
lete with normal foot structure, a soft orthotic
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insert may alter the geometry of the tarsal
tunnel during activity. Oral NSAIDs and
steroid injection may reduce inflammation
about the nerve and decrease swelling.

Operative Treatment

Surgical decompression is the treatment of
choice for space-occupying lesions. A review
of 24 reports totaling 122 patients treated
surgically found that 91% had complete res-
olution or only mild residual symptoms (Ci-
mino, 1990).

Tarsal Tunnel Release
Technique

The technique is shown in Figures 6.3 and
6.4.

1. A general anesthetic is preferred, and a
thigh tourniquet is used. The patient is
positioned supine with a bump placed
underneath the contralateral hip to facili-
tate visualization of the medial hindfoot.

2. An 8 to 10 cm gently curving longitudinal
incision is made following the course of
the posterior tibial nerve posterior to the
medial malleolus to a point 1 cm inferior to
the medial pole of the navicular.

3. The flexor retinaculum is divided, begin-
ning proximally and extending to the ab-
ductor hallucis muscle fascia. The calca-
neal branch or branches extend posteriorly

6. Nerve Injuries

Ficure 6.3. Tarsal tunnel release. The laciniate lig-
ament (medial retinaculum) has been divided to
show the relation between the neurovascular and
tendinous structures in the tarsal canal.

and can be protected by keeping the dis-
section anterior to the medial and lateral
branches. The posterior tibial artery must
be carefully dissected free from the nerve,
which lies posteriorly.

4. The medial and lateral plantar nerves are
followed as they travel deep to the ab-
ductor hallucis muscle. The dorsal fascia of

Ficure 6.4. Tarsal tunnel syn-
drome caused by a schwannoma
of the posterior tibial nerve.
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this muscle is divided, as it can compress
the underlying nerves.

5. After completely releasing the nerve and
removing any identifiable space occupying
lesion, the wound is irrigated and closed.
The muscle fascia is left unrepaired, as is
the flexor retinaculum. The subcutaneous
layer is closed with interrupted stitches of
2-0 absorbable suture and the skin is
closed with interrupted stitches of 3-0 non-
absorbable suture. Steroids should not be
injected into the wound, as wound healing
can be impaired.

Postoperative Management

The patient is kept non-weight-bearing for 3
to 4 weeks. The skin sutures are removed at
10 to 14 days and range of motion and
strengthening exercises are started. Shoe-
wear is advanced and athletic activities can be
resumed as tolerated.

Peroneal Nerve Compression

Deep Peroneal Nerve Entrapment

Entrapment of the deep peroneal nerve is
also called anterior tarsal tunnel syndrome
(Borges et al., 1981; Dellon, 1990). It is much
less common than tarsal tunnel syndrome.
Pain is located over the dorsum of the foot
and in the first web space.

Anatomy

The deep peroneal nerve passes through the
anterior compartment of the leg, innervating
these muscles and traveling with the anterior
tibial artery. It enters the ankle underneath
the extensor retinaculum. It then divides into
a medial branch, which continues distally
with the dorsalis pedis artery and provides
sensation to the first web space, and a lateral
branch, which innervates the extensor digi-
torum brevis muscle.

Clinical Presentation

Entrapment of the deep peroneal nerve can
occur as the nerve passes under the inferior
extensor retinaculum at the ankle. Other
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causes include compression against dorsal
osteophytes of the tarsal bones and shoewear
that is tight over the dorsum of the foot (Fig.
6.5). The athlete complains of aching over the
dorsum of the foot with numbness or pain in
the first web space (Dellon, 1990).

If the lateral branch of the nerve is involved,
there is discernible extensor brevis atrophy.
Medial branch entrapment causes a sensory
deficit in the first web space. Percussion along
the nerve can identify the site of entrapment,
as noted by increased sensitivity.

Electrodiagnostic Tests

Electrodiagnostic studies of the branch to the
extensor digitorum brevis may show an in-
creased distal motor latency, although the
proximal nerve conduction velocity is normal.
EMG findings of chronic denervation in the
extensor brevis is a diagnostic finding. How-
ever, a normal EMG does not preclude the
diagnosis of nerve entrapment, particularly if
the symptoms appear only with activity.

Nonoperative Treatment

Nonoperative treatment involves shoe modi-
fication to prevent compression over the
dorsum of the foot and oral antiinflammatory

Ficure 6.5. Compression of the peroneal nerve.
The deep peroneal nerve can be compressed be-
tween the shoe and an osteophyte at the meta-
tarsal cuneiform joint.
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medication. Additionally, local injection of
steroid into an identified area of tenderness
along the nerve can be useful.

Operative Treatment

Surgery is indicated for persistent symptoms
and is directed at decompressing the nerve
by releasing the tight extensor retinaculum or
removing dorsal osteophytes (or both).

Technique

1. Appropriate anesthesia and a thigh tourni-
quet are used. A 5 cm longitudinal incision
is made over the dorsum of the hindfoot,
extending distally from the ankle joint.

2. The inferior extensor retinaculum is iden-
tified and sharply divided. The deep pero-
neal nerve is then identified in the interval
between the extensor hallucis longus and
the extensor digitorum longus tendons.

3. The nerve is followed distally, being
careful not to damage the lateral branch to
the extensor digitorum brevis at the prox-
imal extent of the wound.

4. If there are any osteophytes contributing
to the nerve entrapment, they are identi-
fied, the nerve gently retracted, the pe-
riosteum over the prominence split, and
the bone removed with a rongeur or osteo-
tome. The base of the bone is smoothed
and the periosteum closed over it.

5. The subcutaneous layer is closed with in-
terrupted 2-0 absorbable suture and the
skin closed with interrupted 3-0 nonab-
sorbable suture. A soft dressing is applied.

Postoperative Management

The patient is kept non-weight-bearing for 10
to 14 days. The skin sutures are then re-
moved, and weight-bearing in a shoe is
started. Activities may be resumed 3 to 4
weeks after surgery.

Superficial Peroneal Nerve
Entrapment

Entrapment of the superficial peroneal nerve
is uncommon but may occur where the nerve
passes through the fascia as it exits the lateral
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compartment of the leg. Exertional anterola-
teral compartment syndrome and muscle
herniation through a fascial defect have been
associated with this entrapment. The athlete
complains of pain at the site of the fascial
defect, where there is often a noticeable
bulge. There may also be pain or numbness
appreciated on the dorsum of the foot. The
symptoms usually resolve soon after activity
is halted.

The superficial peroneal nerve is also at
risk of injury during ankle arthroscopy.
Placement of the anterolateral portal lies over
the course of the nerve at the level of the
ankle joint. Unless care is taken to identify
and protect the nerve it may be partially or
completely transected, leading to a painful
neuroma or dysesthesia (Fig. 6.6).

Anatomy

The superficial peroneal nerve is a branch of
the common peroneal nerve, which inner-
vates the peroneus longus and brevis mus-
cles in the lateral compartment. It then exits
the fascia about 10 cm proximal to the ankle,
becoming subcutaneous. It branches into the
medial and intermediate dorsal cutaneous
nerves proximal to the ankle, which supply
sensation over the dorsum of the foot with
the exception of the first web space.

Physical Examination

Physical examination may reveal a bulge at
the site of a fascial defect that can be demon

FiGure 6.6. Neuroma in continuity of the superfi-
cial peroneal nerve that resulted from placing an
anterolateral portal for ankle arthroscopy. Neu-
rectomy was performed.
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strated better by resisted ankle dorsiflexion.
The athlete, after running a short distance to
produce symptoms, is reexamined to see if the
muscle herniates through the fascial defect.
The mass may be tender with a positive per-
cussion sign causing radiation over the dor-
sum of the foot. Electrodiagnostic studies are
not useful for evaluating of this entrapment.

Nonoperative Treatment

Oral NSAIDs can be used for a short course.
A steroid injection into the area of muscle
herniation may relieve swelling about the
nerve and provide symptomatic improve-
ment. If these measures are not successful,
surgical decompression by partial fasciotomy
of the lateral compartment is performed.

Operative Treatment

Partial fasciotomy of the anterior compart-
ment of the leg is performed.

Technique

1. Under tourniquet control, the fascial defect
is identified by palpation, and a longitu-
dinal incision is made extending from 1 cm
proximal to 5 cm distal.

2. With careful dissection the nerve is identi-
fied as it exits the defect. The nerve is
protected, and the fascia of the compart-
ment is split proximally and distally to
release it.

3. The subcutaneous layer is closed with in-
terrupted 2-0 absorbable suture and the
skin closed with interrupted 3-0 nonab-
sorbable suture. A soft dressing is applied.

Postoperative Management

The patient is kept non-weight-bearing for 10
to 14 days. The skin sutures are then re-
moved, and weight-bearing in a shoe is
started. Activities may be resumed 3 to 4
weeks after surgery.

Sural Nerve Entrapment

The sural nerve is a branch of the tibial nerve
that accompanies the small saphenous vein.
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It provides sensation to the calf, lateral heel,
and lateral border of the foot. Entrapment of
the sural nerve is rare, probably because it is
protected over its course by subcutaneous
tissue and does not pass under restraining
fascial edges or against bones. Cases of en-
trapment can occur against a fracture of the
lateral malleolus, tarsal bone, or fifth meta-
tarsal that healed with a bony prominence or
against an adjacent ganglion. A tight shoe
with a firm lateral counter occasionally
causes irritation of the nerve, simulating
entrapment.

Clinical Presentation

The athlete has pain or paresthesias (or both)
in the distribution of the sural nerve and may
have a percussion sign over the site of entrap-
ment. There may be a history of prior ankle
or lateral foot fracture. Ankle flexion and
supination of the foot may reproduce the
symptoms by placing the nerve on stretch.

Nonoperative Treatment

Nonoperative treatment includes shoe modi-
fication to avoid pressure over the area of
entrapment and posting of the lateral heel to
maintain a valgus hindfoot position. Rest and
oral antiinflammatory medication can be
used with limited efficacy. A steroid injection
may be helpful if a specific site of nerve
irritation can be identified.

Operative Treatment

Surgery is performed to remove the object
that is causing compression of the nerve in
recalcitrant cases.
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7
Skin and Nails

The skin is the largest organ of the body.
Enclosing the other tissues it acts as a protec-
tive barrier that maintains a stable internal
chemical environment. The plantar skin of
the foot, as well, provides protection from
the high pressures of weight-bearing. Skin
blocks the invasion of infectious organisms.
Constriction and dilation of blood vessels in
the skin and the sweat mechanism are impor-
tant factors in the regulation of body temper-
ature. The skin provides a large sensory
interface with the external world through
which varied information is input to the
brain, including temperature, pressure, pain,
pleasure, and position.

The skin is comprised of two layers, the
dermis and epidermis (AAOS, 1991) (Fig.
7.1). The dermis rests on the subcutaneous
fat and contains various specialized struc-
tures. Sweat glands in the dermis produce
sweat that exits through pores in the epider-
mis, cooling the body as it evaporates. Sebac-
eous glands produce oily sebum that acts as
waterproofing for the epidermis and keeps it
supple. Hair follicles produce hair, one hair
per follicle. Piloerection causes the hair to
stand up from the skin in response to cold
temperature or fright. Blood vessels in the
dermis are under neuroregulatory control
and participate in temperature regulation.
When the core body temperature rises, the
blood vessels dilate, allowing more heat to be
carried to the large surface area and dissi-
pated. Conversely, a drop in the core temper-
ature causes constriction of the dermal ves-

sels. Finally, there are specialized nerve
endings such as pacinian corpuscles, which
sense pressure, and glomus bodies, which
sense temperature in the dermis.

The epidermis is composed of several lay-
ers. The deepest is the germinal layer, which
contains the skin pigment and is constantly
producing new cells. These cells gradually
rise to the surface, dying along the way. The
sebum produced in the dermis helps hold
these cells together, providing a watertight
barrier. The outermost layer of dead cells is
constantly being sloughed and replaced from
underneath.

The plantar skin is different from the hairy
skin found on the rest of the body because it
must absorb the shock of weight-bearing
(Sammarco, 1982). The underlying heel pad
has a unique structure, composed of a mesh-
work of fibrous septae that enclose pockets of
fat in a closed-cell configuration that provides
cushioning (Jahss et al., 1992). Sensory feed-
back protects the skin from abrasion injuries,
allowing barefoot activities (Robbins et al.,
1993).

Specific Skin Disorders

Corns and Plantar Callus

Corns and calluses are hyperkeratotic areas
that develop in response to increased pres-
sure in the skin (McNerney, 1990). They are
an attempt by the skin to form a better
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Ficure 7.1. Skin. The skin has two layers, epi-
dermis and dermis, that lie above the subcuta-
neous fat. The major structures lie in the dermis.

protective layer (Sammarco, 1982). Typically,
the term “corn” describes a lesion on the toe,
whereas “callus” is used for the bottom or
sides of the foot. An “end corn” is found on
the tip of a toe and a “hard corn” over the
dorsum of the proximal (PIP) or distal (DIP)
interphalangeal joint. The fourth and fifth
toes may have a hard corn on the lateral side
of an interphalangeal joint (Fig. 7.2). These
spots are the usual areas where bony promi-
nences rub against the shoes. They are
common with hammertoe and clawtoe defor-
mities but can occur in feet with normal
architecture if ill-fitting shoes are worn.

“Soft corns” develop at the base of the web
space between the lesser toes, usually the
fourth and fifth, where prominent pha-
langeal condyles rub against each other and
catch the overlying skin between them (Fig.
7.3). The base of the web space is an intertri-
ginous area that is easily macerated. Soft
corns may lead to ulceration and abscess
formation in the web space.

7. Skin and Nails

A, epidermis; B, germinal layer; C, pigment gran-
ules; D, dermis; E, sweat gland; F, hair follicle; G,
sebaceous gland; H, subcutaneous fat.

A plantar callus may be diffuse or well
localized, and if painful it is called an intrac-
table plantar keratosis (IPK) (Fig. 7.4). These
lesions develop when there is pressure con-
centration under the metatarsal heads or
sesamoids (Fig. 7.5). Clawtoes and a cavus
foot tend to have increased pressure over a
wide area and lead to diffuse callus forma-
tion. A dislocated metatarsophalangeal
(MTP), single hammertoe, metatarsal frac-
ture, or sesamoid fracture is more likely to be

Ficure 7.2. Hard corn over the lateral condyle of
the fourth toe PIP joint.
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Ficure 7.3. Soft corn at the base of the fourth web
space.

associated with an IPK. In some instances an
abnormal plantar condyle under a metatarsal
head can cause an IPK to form.

A single hyperkeratotic lesion under the
ball of the foot may be a plantar wart, and it
is important to differentiate between this
lesion and an IPK. An IPK should be directly
under a bone prominence. Examination of
the papillary lines in the skin (the lines that
make the fingerprint) shows that they pass
through a corn undisturbed but pass around
a plantar wart. If a scalpel is used to carefully
pare the layers of the lesion, a corn shows a
hard, translucent center called the core.
When trimming a wart, multiple small blood
vessels are seen end-on and appear as dark
dots. Further paring causes these vessels to
bleed, and the bleeding may be profuse.

When evaluating corns and calluses, the

FiGure 7.4. Intractable plantar keratosis under the
fourth metatarsal head.
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underlying cause should be determined and
treated with the methods described else-
where. Nonoperative measures are aimed at
relieving the external pressure against the
foot, and surgical treatment involves re-
moving the prominence in the foot.

Nonoperative Management

An adequate toebox that does not rub against
the toes is the first thing to consider.
HAPADs decrease the pressure under the
metatarsal heads and provide a simple, inex-
pensive way to relieve plantar calluses (Fig.
7.6). (Hayda et al., 1994; Holmes and Tim-
merman, 1990).

The pressure on an end corn can be re-
lieved by use of a toe crest to elevate the end
of the toe from the insole. A sponge cap that
fits over the end of the toe may provide

Ficure 7.5. Intractable plantar keratosis. Harris
mat ink impression of the IPK, which is under the
second metatarsal head. There is also increased
pressure demonstrated under the medial side of
the great toe.
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Ficure 7.6. HAPAD treatment for plantar callus.
The HAPAD is placed on the insole just proximal
to the callus in order to alleviate pressure on the
lesion.

additional cushioning. A corn over an inter-
phalangeal joint may also be treated with a
toe crest or sponge pad. Pads or lambs wool
placed between the toes can separate them
enough to eliminate a hard corn caused by
condyles of adjacent toes rubbing together
and can treat a soft corn at the base of a web
space.

A corn that erodes through the skin to form
an ulcer requires wound care in addition to
relief of the pressure that caused the corn to
form. Soaking the foot in warm, soapy water
for 5 to 10 minutes at least twice a day can
keep the ulcer clean. A topical antibiotic salve
should be applied to the ulcer after soaking.

Diffuse calluses on the bottom of the foot
can be kept in check by use of a pumice stone
or other mildly abrasive tool. The pumice is
used after a shower or bath has softened the
skin. Daily use prevents buildup of signifi-
cant callus that may become tender.

The pumice stone can also be used on
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IPKs, but these discrete lesions may continue
to be painful even with daily débridement. A
scalpel can be used to intermittently pare the
IPK and remove the hard central core (Crac-
chiolo, 1982). This treatment is then followed
by daily use of the pumice stone. Diffuse
calluses and corns on the toes are usually not
amenable to significant débridement with a
scalpel.

Technique

1. A #10 scalpel is first used to pare the outer
layers of hyperkeratotic skin from an IPK
(Fig. 7.7A). Local anesthesia is not neces-
sary, as the lesion is insensate. It is impor-
tant to work carefully and gradually with
tangential cuts, not being overly aggres-

Ficure 7.7. Trimming a plantar callus. (A) Callus is
first pared with a no. 10 scalpel. (B) Central core is
then excised with a no. 15 scalpel.
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sive with each stroke, thereby decreasing
the chance that normal skin is cut, which
can cause bleeding and discomfort.

2. After trimming the lesion back to a shallow
crater the tip of a #15 scalpel is used to
carve out the central core of the callus (Fig.
7.7B). The scalpel tip cuts a cone-shaped
segment from the remaining lesion, again
being careful not to cut deep into the
bleeding dermis.

3. Daily use of a pumice stone after bathing
or showering delays the return of the corn.
There should be immediate relief from the
trimming and no time lost from athletic
activities.

Operative Treatment

As with other lesions in the forefoot, surgery
is indicated for corns and calluses when the
nonoperative treatment has been unsuccess-
ful. Corns over the dorsum of the interpha-
langeal joints are treated with the methods
described for hammertoes. Hard corns be-
tween toes are due to pressure from pha-
langeal condyles of adjacent toes and can
usually be relieved by phalangeal condy-
lectomy on one of the toes. Soft corns at the
base of a web space are treated with syn-
dactylization of the toes to the level of the PIP
without the need for bone excision.
Intractable plantar keratoses should also be
treated by first addressing the underlying
pathology. Plantar condylectomy of the meta-
tarsal head removes the prominence causing
the pressure lesion. However, it involves
entering the MTP joint and can lead to stiff-
ness. Proximal and midshaft osteotomies
have been advocated, usually with internal
fixation; the amount of elevation of the meta-
tarsal head may be difficult to judge (Sclam-
berg and Lorenz, 1983). The Wolf distal meta-
tarsal osteotomy avoids entering the joint,
achieves controlled elevation of the meta-
tarsal head, and effectively relieves IPKs (Le-
venten and Pearson, 1990; Wolf, 1973).

Condylectomy for Hard Corn
Technique

1. Appropriate anesthesia and a tourniquet
are used. An elliptical incision is made
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along the side of the toe centered on the
corn to be is removed. The periosteum is
then incised in line with the skin incision
and elevated dorsal and plantar.

2. The condyle is exposed and removed with
a small rongeur. The sides of the rongeur
are used rather than the tip to ensure that
bone resection is smooth rather than
jagged.

3. The periosteum is closed over the bone
with 3-0 absorbable suture and the skin
closed with simple nonabsorbable suture.

Postoperative Management. After application
of dressings, weight-bearing is allowed with
a postoperative shoe. The sutures are re-
moved after 10 to 14 days, and return to full
activities is allowed immediately.

Syndactylization for Soft Corn
Surgical Technique

1. Under tourniquet control, use a marking
pen to make a longitudinal scribe along
one side of the web space, beginning at the
base and extending to just proximal to the
PIP (Fig. 7.8A). The two toes are then
aligned and pressed together, causing the
mark to be partially transferred to the
adjacent toe. This method marks the inci-
sion on both toes and ensures that the toes
will be normally aligned after closure.

2. The two marked incisions are opened, and
a third limb of the incision is opened by
extending the wound longitudinally from
the base of the web space between the
metatarsals dorsally for 1 cm. The corn is
then excised and small flaps developed
(Fig. 7.8B).

3. The plantar halves of the wound on each
toe are then closed together with a 3-0
absorbable suture using simple stitches so
the knots are superior, which has the effect
of burying them (FIg. 7.8C).

4. The dorsal wound is closed with 4-0 non-
absorbable suture using simple stitiches
(Fig. 7.8D). It is easiest to begin distally
and extend proximally until the entire
wound is closed. For additional stability a
single, simple nonabsorbable stitch can be
placed by the ends of the toes, holding
them together.
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Ficure 7.8. Syndactylization of toes for a soft corn.
(A) Skin is marked for the incision. One distal limb
of the Y is drawn; the toes are then pressed
together, transferring some of the ink to the adja-

Postoperative Management. The foot is dressed,
and immediate weight-bearing is allowed
with a postoperative shoe. The nonabsorbable
sutures are removed at 10 to 14 days, and the
toes are kept taped together for 2 additional
weeks. Full return to activity can proceed
when the sutures have been removed.

7. Skin and Nails

cent toe and completing the Y. (B) After excision of
the soft corn. (C) Plantar half of the wound is
closed with absorbable interrupted stitches. (D)
After closure of the dorsal wound.

Metatarsal Head Condylectomy
Technique

1. Under a tourniquet, make a 3 cm S-shaped
incision over the MTP and retract laterally
or Z-lengthen the extensor tendons, de-
pending on the degree of tightness.
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2. A dorsal MTP capsulotomy is made longi-
tudinally and the capsule elevated medi-
ally and laterally off the head and attach-
ment on the neck of the metatarsal. The
joint is plantarflexed 90 degrees, and the
entire distal metatarsal cartilage surface is
exposed.

3. A small osteotome is used to remove the
plantar segment of the metatarsal head
and plantar condyle. A rongeur then
smooths the remaining bone.

4. The toe is relocated and the capsule closed
with interrupted stitches of 3-0 absorbable
suture. If the extensor tendons were
lengthened, they are repaired with the
same suture. The subcutaneous and skin
layers are closed separately and a soft
dressing applied.

Postoperative Management. Immediate weight-
bearing is allowed with a postoperative shoe.
The skin sutures are removed at 10 to 14
days, and active and passive range of motion
exercises are begun. Walking is allowed in a
regular shoe, but running or jumping is de-
layed for an additional 2 to 4 weeks, de-
pending on the patient’s level of discomfort.

Metatarsal Neck Osteotomies

Metatarsal neck osteotomies (Fig. 7.9) are
always performed in groups. If the IPK is
under the second metatarsal head, the
second and third metatarsals are osteoto-
mized. If the IPK is under the fourth meta-
tarsal head, the third and fourth metatarsals
are osteotomized. If it is under the third
metatarsal head, the second, third, and
fourth metatarsals are osteotomized.

Technique

1. Appropriate anesthesia and a tourniquet
are used. A 3 cm dorsal longitudinal inci-
sion is made beginning distally at the level
of the MTP joint. The incision is placed
over the third metatarsal for an IPK under
the third metatarsal. For an IPK under the
second metatarsal head it is placed over
the 2-3 intermetatarsal space, and for an
IPK under the fourth head metatarsal over
the 3-4 intermetatarsal space.

2. Through the appropriate incision, the ex-
tensor tendons are retracted and the necks
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Ficure 7.9. Wolf metatarsal neck osteotomy. (A) A
small rongeur cuts through the dorsal
three-fourths of the metatarsal neck, leaving a
plantar hinge intact. (B) With pressure directed
upward under the metatarsal head, the plantar
hinge cracks, allowing the head to rise.

of the metatarsals to be osteotomized ex-
posed. Use a scalpel to elevate the soft
tissue from the medial and lateral sides of
the metatarsal neck. A small Hohmann
retractor placed along the side of the meta-
tarsal just proximal to the neck aids in
visualization.

3. A small rongeur is used to take small bites
out of the dorsal neck and then along
either side through the cortex of the meta-
tarsal. The dorsal 75% is cut away, leaving
an intact plantar hinge. It is important to
take multiple small bites because a large
bite may crack the bone.

4. Upward pressure is then exerted against
the ball of the foot under the metatarsal
head, causing the remaining plantar hinge
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to crack upward. No fixation is used, and
the head finds its own level when walking
during the postoperative period.

5. After repeating the osteotomy on the other
metatarsal or metatarsals, the wound is
closed in layers and dressed.

Postoperative Management. Immediate weight-
bearing is allowed in a postoperative shoe.
The sutures are removed at 10 to 14 days and
use of the postoperative shoe continued for 2
weeks more, at which point regular shoes can
be worn. No athletic activities should be
attempted for 6 to 8 weeks after surgery.

Sesamoid Intractable Plantar Keratosis

If a fractured sesamoid heals with a distorted
shape it may cause an intractable plantar
keratosis (IPK) to form (Brodsky, 1993; Le-
venten, 1991). Increased pressure due to the
prominence results in a thick callus that may
become painful. Other causes of IPK forma-
tion under the first MTP include clawing of
the great toe and a cavus foot.

Nonoperative Treatment

The two mainstays of nonoperative treatment
are to (1) trim the callus and (2) decrease the
pressure under the bony prominence that is
responsible for the callus. Intermittent paring
with a scalpel can remove large callus
buildup but should be done only by a physi-
cian. Between these sharp débridements the
athlete should regularly scour the callus with
an abrasive tool or pumice stone. A pumice
works best when the callus has been soft-
ened, for instance during the daily bath or
shower.

Felt HAPADs or metatarsal pads built into
insoles transfer weight-bearing pressure
proximally and off the area of the IPK. Cut-
outs in an orthotic insole under the IPK can
further decrease the pressure (Axe and Ray,
1988).

Operative Treatment

The surgical options include complete exci-
sion of the abnormal sesamoid or shaving of
the plantar one-half to reduce the promi-
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nence responsible for callus formation
(Brodsky, 1993; Mann and Wapner, 1992).

Sesamoid Shaving
Technique

1. The approach for shaving (Fig. 7.10) is
similar to that for excising a sesamoid: The
medial sesamoid is approached medially,
and the lateral sesamoid is approached
through a plantar incision.

2. The joint capsule is exposed, but the joint
is not entered. Instead, a longitudinal in-
cision is made in the medial capsule-
periosteum of the sesamoid at the midaxial
level of the sesamoid. The soft tissue is
then subperiosteally elevated from the
plantar one-half of the sesamoid with a #15
scalpel.

3. An oscillating saw is used to cut the bone in
its middle, parallel to the sole of the foot.
The plantar bone is sharply excised, leaving
the articular surface intact. Use a small
rongeur and rasp to smooth the remaining
bone so no sharp edges are prominent.

4. The wound is closed in layers, and a soft
dressing is applied.

Ficure 7.10. Sesamoid shaving. Plantar half of the
medial sesamoid is removed with an oscillating
saw.
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Postoperative Management. The patient is kept
non-weight-bearing for 10 to 14 days. The
skin sutures are then removed, and weight-
bearing is allowed in a regular shoe. Athletic
activities are resumed after 4 weeks as
tolerated.

Plantar Wart

Warts are tumors in the skin caused by the
papilloma virus (Glover, 1990; McNerney,
1990). The virus infects the skin, and a cell-
mediated immunologic response occurs. The
result is the vascular, hyperkeratotic lesion
called a wart. Warts may be asymptomatic
but, if located on weight-bearing surfaces,
can be painful. According to Glover (1990),
the peak rates of infection are found in ado-
lescents, and the natural history is for spon-
taneous resolution with 60% resolving within
2 years.

It is important to differentiate warts from
plantar keratoses due to pressure (IPKs) be-
cause the treatment for each is different. An
IPK is a response to increased pressure with
the lesion forming under a bony prominence.
Warts may develop in similar locations. Le-
sions not directly under a pressure area are
more likely to be warts. The papillary lines of
the skin pass undisturbed through an IPK but
are seen to deviate around a wart (Fig. 7.11).

Paring the lesion is part of the treatment of
both warts and IPKs and is useful for diag-

Ficure 7.11. Solitary plantar wart.
Papillary lines of the skin deviate
around the lesion. Dark spots indi-
cate end arterioles.
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nosis as well. An IPK is formed of hyperke-
ratotic skin that may have a hard, translucent
central core, none of which is vascular. When
paring a wart, the superficial layer appears to
have multiple dark dots, which are throm-
bosed arterioles seen end-on. With deeper
paring, these vessels begin to bleed, and
cessation of bleeding may require pressure
applied for several minutes.

Warts may occur as isolated lesions or in
multiples. A large wart can be seen with
several small satellite warts in close proxim-
ity. Multiple small warts may appear to coa-
lesce into a mosaic wart (Fig. 7.12).

Because warts disappear spontaneously
over time, treatment is best directed only at
those that are symptomatic. There are cos-
metic and social issues that accompany warts
and can be reasons for their treatment, but
they are not good indications for aggressive
surgical techniques.

Nonoperative Treatment

HAPADS and orthotic devices can relieve
pressure on the wart, resolving the weight-
bearing pain. These devices are used in the
same manner as for treatment of IPKs. The
list of treatments that have been used to
eradicate viral warts is protean (Glover,
1990). Good results can be obtained with the
use of a topical chemical preparation of lactic
and salicylic acid applied on a daily basis by
the athlete. This technique has a cure rate of
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Figure 7.12. Large mosaic plantar wart that has
resulted after several attempts at surgical excision.

84% in 3 months (Bunney et al., 1976). This
simple method allows continued sports par-
ticipation during treatment. Resistant cases
should be referred to a dermatologist for
more aggressive treatment.

1. The lesion is first pared by the physician to
confirm the diagnosis and remove the hy-
perkeratotic outer layer. Any bleeding is
arrested by direct pressure over the wart
for several minutes. The athlete is then
instructed in the treatment regimen.

2. The foot is soaked for 5 to 10 minutes in
warm water to loosen the overlying cap.
The wart is manually débrided by the ath-
lete with a fingernail or small appliance.

3. The topical preparation is placed on the
wart and allowed to dry thoroughly. These
preparations are mixed with a volatile
liquid that evaporates, leaving a firm crust
of acid on top of the wart. Weight-bearing
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before drying dissipates the preparation. It
usually takes 20 to 30 minutes for complete
drying, so the athlete is advised to perform
this step daily at a time when sitting still is
possible. An alternative method is to use a
hair dryer, which directs warm air over the
applied acid, reducing the drying process
to less than 10 minutes.

4. With each ensuing day of treatment, the
acid works itself deeper into the base of the
wart, which may cause some discomfort
for the athlete.

5. The athlete should be examined every 2
to 3 weeks during treatment so regular
paring can be done and progress is as-
sessed. It is important to continue the
program on a regular daily basis, and it
may take 2 to 3 months to eradicate the
wart. HAPADS or orthotic insoles can be
used at the same time to relieve pressure
on the lesion.

Blisters

Blisters are a common problem in athletes
whose sport requires quick pivoting and di-
rection changes (Lillich and Baxter, 1986;
McNerney, 1990; Sammarco, 1982). Blisters
develop when shear forces cause the epi-
dermis to separate from the underlying de-
rmis. A serous exudate fills the space be-
tween the layers.

Predisposing causes of blisters include a
change in training pattern, shoewear, or
training surface, and underlying architectural
abnormalities of the foot. Blisters are com-
monly seen when athletes resume training
after a vacation. Shoes that are too narrow or
too tight can rub against the skin. Con-
versely, shoes that are too large may allow
the foot to slide within it, causing shear stress
on the skin. Running on a synthetic surface
with spikes increases friction at the shoe-sur-
face interface, predisposing the foot to slide
within the shoe (Lillich and Baxter, 1986).
Hammertoes, clawtoes, bunions, and bunio-
nettes are among the deformities that can
lead to blistering.

Blisters can be prevented by wearing prop-
erly fitting shoes with thick socks. Runners
should train on forgiving surfaces that allow
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some sliding motion between the shoe and
surface, thereby decreasing the shear be-
tween the foot and shoe (Lillich and Baxter,
1986).

Small blisters are covered with an antibiotic
ointment and an adherent padding, such as
moleskin. Larger blisters are punctured with
a small needle in multiple places to drain the
fluid and are then covered with an antibiotic
ointment and moleskin (McNerney, 1990).

Athlete’s Foot (Tinea Pedis)

Athlete’s foot is a fungal infection of the skin
that is common in athletes but can occur in all
populations. It first manifests as itching and
burning in the affected areas, usually be-
tween the toes or on the ball of the foot. As it
progresses, the skin also becomes dry and
scaly. In some athletes blistering occurs, sig-
nifying bacterial superinfection (McNerney,
1990).

Diagnosis

The diagnosis is usually made from the his-
tory and clinical examinaton. Microscopic ex-
amination of a wet mount of skin scrapings in
a 10% potassium hydroxide solution reveals
branching fungal forms, confirming the diag-
nosis. A second confirmatory test is to culture
tissue scrapings in test tubes on Sabouraud’s
medium. This technique allows identification
of the particular fungus involved. These tests
are not practical for all cases of athlete’s foot,
most of which can be treated based on clinical
grounds.

Athlete’s foot develops in moist areas of
the forefoot. It is particularly common be-
tween the toes but may extend onto the
plantar or dorsal forefoot. The moist environ-
ment promotes the growth of dermatophytes
(the fungi) and gram-negative bacteria that
also are present on the skin in these areas.
The normal acidity of the skin is decreased,
which favors the growth of these pathogens.

The fungi initially damage the outer layer
of the epidermis, the stratum corneum,
which leads to the common dry and scaly
athlete’s foot, a painful, itchy condition. Bac-
teria can thrive in the damaged skin, and as
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they proliferate their release of proteolytic
enzymes causes further damage to the skin.

As the action of the fungi and bacteria
continue there is an increase in inflammation,
and fluid may weep from the affected areas,
causing more pain, itching, and redness in
the affected areas. At this point bacterial
growth may predominate and lead to macer-
ation and erosion of the plantar skin.

Prophylaxis and Treatment

Prevention of athlete’s foot is based on good
foot hygiene. Clean cotton socks should be
worn during athletic activities and changed
regularly during prolonged workouts. Imme-
diate showering or bathing after activities
with care to clean between the toes prevents
the local development of an environment
favorable for athlete’s foot. Prophylactic ap-
plication of antifungal powder after cleaning
the foot keeps the skin dry and inhibits
fungal growth.

Topical antifungal lotion or cream is helpful
when the skin becomes dry and scaly, indi-
cating an early case of athlete’s foot. Various
antifungal agents are available including tol-
naftate (Tinactin), miconazole nitrate (Mica-
tin), and clotrimazole (Lotrimin or Mycelex).
These medications should be applied twice a
day for 2 to 4 weeks. The moisturizer in the
cream helps prevent fissures from forming in
the skin, which can lead to bacterial superin-
fection. Treatment should be continued for
the full duration even after the infection
seems to have resolved.

If there is weeping of fluid or blistering,
soaks should be performed two or three
times daily for 10 minutes with tap water and
soap. At this stage bacterial infection has
occurred, and oral antibiotics should be ad-
ministered. Potassium permanganate can be
painted onto the skin. When the foot has
stabilized, topical antifungal cream or lotion
is applied. Oral antifungal agents should be
avoided when treating athlete’s foot, as they
have significant side effects that include
headaches, gastrointestinal upset and rarely
hepatitis. If there is no improvement with
topical antifungal treatment, a dermatologic
evaluation should be obtained.
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Toenail problems include fungal infection,
overgrowth, ingrowth, and infection. These
common disorders occur in all populations
and can seriously affect athletic performance.

Anatomy

The toenail is a specialized unit composed of
five parts: the nail plate, nail bed, nail matrix,
hyponychium, and nail folds (Fig. 7.13) (Di-
xon, 1983; Eisele, 1994; Fleckman, 1985). The
nail plate is a tissue made of several layers of
keratinized cells that grow out of the ger-
minal nail matrix and rest on the nail bed. It
has a low water content and a high sulfur
content, which contribute to its hardness
(Coughlin, 1993). The stiffness of the nail
plate provides rigidity for the soft tissue at
the distal ends of the toes.

The toenail matrix extends medially and
laterally the entire width of the nail and
proximally about 5 mm from the cuticle,
where the skin laps down on the nail plate.
The lunula, seen under the proximal nail
plate as a light-colored crescent, is the distal
extent of the matrix. It then becomes contin-
uous with the nail bed. The matrix contains
basal cells that form the nail plate.

The nail bed is an epithelial surface with
longitudinal grooves that supports the nail
plate (Fleckman, 1985). The undersurface of
the plate and the grooves in the bed form a
strong bond that holds them firmly together.
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The distal end of this attachment is called the
hyponychium.

Along the medial and lateral borders of the
nail lie the nail folds. They are the curved
areas of skin that abut the nail plate. There is
also a proximal nail fold where the dorsal
skin of the toe meets the nail plate at the
cuticle. The deep surface of the proximal nail
fold is called the eponychium and is firmly
attached to the plate (Dixon, 1983; Fleckman,
1985).

The nail grows distally about 1 mm each
month. The normal shape of the toenail com-
plex causes growth to occur in this direction.
Injury to the toenail can cause upward in-
stead of distal growth or growth against the
nail folds, leading to a distorted or ingrown
toenail (Coughlin, 1993).

Clinical Presentation

Any of the components of the toenail com-
plex can be involved in disease or become
injured. Common problems are seen in the
nail plate, nail bed, and medial and lateral
nail folds. Disorders of the nail plates gener-
ally cause the nail to thicken. Nails that have
become thick or overgrown can irritate the
nail folds, leading to painful ingrowing. They
may also rub against the skin of an adjacent
toe, causing pain and irritation. Thickening is
due to a variety of causes including fungal
and bacterial infection, congenital deformity,
systemic disease, trauma, and aging.
Eradication of fungal infection in a toenail

Ficure 7.13. Nail complex. A,
nail plate; B, nail bed; C, nail
matrix; D, hyponichium; E,
lateral nail fold; F, proximal
nail fold; G, lunula; H,
eponychium.
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is virtually impossible unless the nail plate is
removed. Topical antifungals do not diffuse
adequately through the nail plate to eliminate
the infection. Because these infections rarely
cause symptoms, the best treatment is to
keep the shape of the nail as normal as
possible with regular trimming and thinning
with a burr as needed to prevent mechanical
problems. In severe cases the nail plate is
removed and topical antifungal medication
applied to the underlying base.

Nails can become ingrown and lead to pain
or infection at the nail margin, a condition
that most commonly involves the great toe-
nail. The nail should be cut straight across,
which allows it to grow out unimpeded.
Nails that are cut at an angle may have an
edge that digs into the marginal skin, causing
pressure and ingrowth. A torn nail, thick-
ened nail, or congenitally incurving nail may
also develop this problem. Shoes or socks
that are tight can put pressure against the
edge of the nail (Fig. 7.14).

Any of these factors may lead to a localized
area of ischemia in the nail margin that is
painful and inflamed, the first stage of in-
growth (Heifitz, 1961). Infection with edema
and drainage mark the second stage of in-
growing. Finally, granulation tissue forms
with chronic infection, and the lateral wall
hypertrophies (Fig. 7.15).

Nail bed disorders are generally caused by
trauma. Laceration of the nail bed can lead to

Ficure 7.14. Incurving nail. The great toenail is
curved under, making trimming difficult.
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Ficure 7.15. Ingrown toenail. Chronic infection is
present with granulation tissue and hypertrophy
of the lateral wall.

chronic distortion of the overlying nail plate.
The laceration may communicate with the
underlying phalanx, and a radiograph should
be obtained to ensure that an open fracture
has not occurred (Mortimer and Dawber,
1985). If a laceration is present, the bed
should be repaired after removal of the nail
plate. If the plate can be salvaged, it can be
placed over the top of the repaired nail bed to
act as a splint. Appropriate antibiotic therapy
is provided to cover against Staphylococcus
aureus, the most common pathogen (Eisele,
1994).

A subungual hematoma is due to bleeding
that occurs from the nail bed into the space
between the bed and plate. It can be caused
by a direct blow, such as dropping an object
on the end of the toe or if someone steps on
the toe. Trauma due to the end of the toe
striking a toebox that is too tight may also
lead to a subungual hematoma (Fig. 7.16).
This situation sometimes occurs with down-
hill running, which tends to force the toe
against the front of the shoe. Increased pres-
sure caused by the hemorrhage is painful but
can be easily relieved by drilling with a red-
hot needle.

Treatment

Prevention is the best form of treatment.
Shoes should have an adequate toebox, and
socks must fit well. It is important to cut the



168

Ficure 7.16. Subungual hematoma. Running in
shoes that are too tight can lead to bleeding under
the great toenail.

nails regularly and straight across, not ob-
liquely at the edges. For nails that are de-
formed or thickened, clippers may not be
adequate, and a small hand burr may be
necessary to thin the nail first. Care should be
taken when using a burr not to let it slip off
and burn the skin. Moreover, the burr can
generate significant heat, so it must be used
slowly when working on thick nails.

An acute subungual hematoma can cause
significant pain due to pressure under the
nail. Such pain is relieved by drilling a hole
through the nail to allow the fluid to escape.

The nail plate is removed from fungus-
infected nails or nails that are congenitally
deformed or have been damaged by trauma.
The nail is removed and a new nail allowed to
grow back in its place.

An ingrown nail that is painful but does
not have erythema in the marginal tissue can
be treated with soaks twice a day and by
placing a small piece of cotton gauze under
the distal edge of the nail (Bordelon, 1985;
Eisele, 1994). This treatment may relieve the
pressure against the nail margin and prevent
local ischemia. If the nail margin is erythema-
tous, an oral antibiotic can be added to this
regimen for several days (Eisele, 1994).
Should the problem not resolve or even
worsen, or if purulence is present, the nail
margin is removed. If it is a recurrent prob-
lem, a chemical matrixectomy is performed.
The Heifitz procedure—surgical excision of
the nail edge and marginal skin—is used for
failures of chemical matrixectomy (Pettine et
al., 1988).
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Subungual Hematoma Drainage

1. A digital block is provided with lidocaine,
and the toe is prepared with an antiseptic
solution. An 18 gauge needle is placed on
a syringe to act as a handle. The tip of the
needle is heated with a match until it
glows red. It is then used to drill down
through the nail plate over the hematoma
in one or more spots to release the fluid.

2. The toe is dressed and the dressing re-
moved the next day for soaking in tap
water and soap. There should be imme-
diate relief of pain with release of pressure.
Activities can be safely advanced as the
symptoms allow.

Nail Plate Avulsion

1. A digital block is performed with lido-
caine, and the toe is prepared with an
antiseptic solution. A penrose drain can be
used as a tourniquet at the base of the toe
but is not usually needed.

2. A Freer elevator or other blunt tool is
passed under the nail plate and is worked
back and forth, pressing proximally to the
matrix. The instrument is then run be-
tween the nail plate and the cuticle to free
it dorsally. The nail is grasped with a
hemostat and pulled free.

3. A small piece of petrolatum gauze is
placed over the nail bed and worked under
the cuticle. It is covered with a cotton 2 x
2 gauze and held in place with a toe wrap.
The dressing is removed after 24 hours and
the toe is gently washed during daily bath-
ing. Athletic activities can be resumed
within 1 to 2 days.

4. When treating a fungal infection, topical
antifungal cream is rubbed into the nail
bed daily. When the tenderness resolves,
after 3 to 5 days, the athlete is instructed to
use a soft bristle toothbrush to gently dé-
bride the nail bed during bathing or show-
ering prior to applying the antifungal
cream. This regimen should be undertaken
daily until the nail has regrown.

Nail Margin Excision

1. A digital block is performed with lido-
caine, and the toe is prepared with an
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antiseptic solution. A Penrose drain can be
used as a tourniquet at the base of the toe
but is not usually needed.

. One tip of a small scissors is placed under

the nail 2 mm from the margin on the
ingrown side. The scissors are then used to
cut proximally along the entire edge. At
the proximal end the upper tip is forced
under the cuticle so the nail is cut but the
cuticle is left intact.

. A Freer elevator is passed around the cut

segment bluntly, freeing it from the soft
tissue. It is grasped with a hemostat and
avulsed.

. The edge is then packed with a petrolatum

gauze and covered with a cotton 2 x 2
gauze and toe wrap.

. The dressing is removed after 24 hours,

and the toe is soaked twice a day in soapy
water for 5 to 10 minutes. A bandaid and
an open-toe or loose-fitting shoe are worn
for a few days until the patient is symptom-
free. Athletic activities can be resumed at
that point.

Chemical Matrixectomy

1.

Chemical matrixectomy (Fig 7.17) is per-
formed exactly like a nail margin excision.
When the nail segment has been removed,
phenol (carbolic acid) is placed into the
depth of the proximal wound to chemically
ablate the nail matrix.

. The skin at the base of the toe is first

Ficure 7.17. Chemical matrixect-
omy. After excision of the lateral
nail edge, phenol is applied to
the matrix with a cotton-tipped
applicator.
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covered with petrolatum gauze to protect
it. A cotton tip applicator is then dipped
into phenol and placed against the matrix
for 5 seconds, twirling it in the depths of
the wound. This step is repeated three
times.

3. The wound is then copiously flushed with
alcohol and the skin cleansed to ensure
that no phenol remains, which can cause a
chemical burn.

4. The wound is then packed with a petro-
latum gauze and covered with a cotton 2 x
2 gauze and a toe wrap. The dressing is
removed after 24 hours and the toe soaked
twice a day in soapy water for 5 to 10
minutes. There may be weeping fluid from
the base of the wound for up to 2 weeks,
so the toe should be covered with a band-
aid until it stops. An open-toed or loose-
fitting shoe is worn until the patient is
symptom-free. Athletic activities can be
resumed at that point.

Heifitz Procedure

The Heifitz procedure (Fig. 7.18) should be
performed at a surgery center rather than in
an office setting.

1. A digital block is performed with lido-
caine, and a Penrose drain is used as a
tourniquet at the base of the toe. Alterna-
tively, an ankle block with a Esmarch ankle
tourniquet or general anesthesia with a
thigh tourniquet can be used.
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Ficure 7.18. Heifitz procedure for a chronic in-
grown toenail. (A) Nail with granulation tissue
along the edge. (B) Nail edge and lateral nail fold
are excised, removing the granulation tissue. (C)
Edge of the skin is closed against the edge of the
nail with simple stitches.

2. A #15 scalpel is used to make a longitu-
dinal incision parallel to the nail edge 2
mm from the marginal skin. The incision
runs from the distal level of the nail to a
point 2 mm proximal to it, to where the
nail fold curves. It then turns to the base of
the nail. Any granulation tissue due to
chronic infection is included. The incision
should continue hard to bone.

3. Scissors with sharp tips are passed under
the nail plate 2 mm from the edge, and the
nail is split longitudinally. A Freer elevator
then separates this segment from the rest
of the nail, and the segment is removed
with the excised skin margin.
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4. A wedge of matrix is then sharply re-
moved using the scalpel. The base is fi-
nally débrided with a curet to ensure that
no small pieces of matrix are left behind
that could give rise to a spicule of nail.

5. The skin is then closed against the nail.
Three simple stitches of 3-0 nonabsorbable
suture are passed through the skin and the
new nail edge, drawing the skin against
the nail.

6. The toe is covered with a cotton 2 x 2
gauze and a toe wrap. Immediate weight-
bearing is allowed with a postoperative
shoe. The sutures are removed at 10 to 14,
days and shoewear is advanced. Athletic
activities can be resumed after 4 weeks.

Foreign Bodies and Puncture
Wounds

The foot is a common site of puncture
wounds and penetrating injuries that intro-
duce foreign bodies. These injuries occur
most often when barefoot, but some punc-
ture injuries do occur through the sole of the
shoe (Jacobs et al., 1982). Most of these
injuries are caused by wood or glass splinters
and are superficial, being satisfactorily
treated by the athlete with home instruments
such as tweezers and sewing needles. Deeper
injuries may be caused by wood splinters and
glass, as well as toothpicks, needles, and
nails (Cracchiolo, 1980; Rimoldi and Gogan,
1991). These deeper injuries occur most com-
monly in the ball of the foot and the heel and
less often under the arch.

Clinical Presentation

Puncture wounds in the foot are painful and
most often immediately recognized. If a piece
of foreign material is retained in the foot, it
can cause immediate or delayed pain (Mark-
iewitz et al., 1994). Migration of foreign
bodies that were initially insignificant to the
patient can produce new symptoms. On oc-
casion, an asymptomatic foreign body is
identified on a radiograph obtained for an
unrelated injury or condition. These injuries
can safely be neglected, to be dealt with only
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if symptoms subsequently develop (Alfred
and Jacobs, 1984).

Infection is the most feared consequence of
a puncture wound. Organisms can be inocu-
lated by objects first penetrating the shoe prior
to entering the skin (Jacobs et al., 1982). The
most common organism involved in puncture
infections is Staphylococcus aureus (Sammarco,
1993). Pseudomonas aeruginosa and other gram-
negative bacteria are found in injuries where
the sole of the shoe was first penetrated
(Rimoldi and Gogan, 1991). Toothpicks may
be associated with bacteria from the oral
cavity and cause anaerobic infections. The
athlete’s tetanus status must be ascertained
and appropriate treatment provided.

Radiography

Radiographs should be obtained, although
many objects, including wood and most
types of glass, cannot be visualized (Fig.
7.19). Xeroradiography has been used but
has limitations in terms of its ability to iden-
tify wooden foreign bodies (Anderson et al.,
1982). Magnetic resonance imaging (MRI)
and ultrasonography can be used to identify
radiolucent objects. The use of a portable
ultrasonography machine by an emergency
room physician with only basic experience
has been shown to be a sensitive test for
identifying these nonopaque foreign bodies
(Schlager et al., 1991). Both MRI and ultra-
sonography are better at detecting foreign

Ficure 7.19. Foreign body in the
foot. Broken piece of a needle is
seen under the forefoot on a
plain radiograph.
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objects if they are not in close proximity to
bone (Mizel et al., 1994).

Treatment

If the object has been identified, it should be
removed as soon as possible. Treatment is
often attempted in the emergency depart-
ment, where the conditions are suboptimal.
The operating room or outpatient surgery
center is preferable because of better light,
instruments, and assistance. An ankle block
anesthetic or general anesthesia should be
given to allow satisfactory exploration of the
wound. Triangulation using needles placed
on the skin and visualization using an image
intensifier (fluoroscopy) can help to localize
radiopaque objects intraoperatively.

The wound is packed open and allowed to
close secondarily. Non-weight-bearing with
crutches expedites wound healing without
irritation. The original dressing is removed
after 2 to 3 days, and subsequent dressings
are changed daily. Development of infection
requires antibiotics based on culture and sen-
sitivity reports. Return to training is allowed
when the skin has healed.

Thermal Injuries
Thermal injuries are due to exposure to ex-

tremes of high or low temperature. Burns
occur much more commonly than cold inju-
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ries in the general population. Burns are
uncommon among athletes, occurring when
the foot comes in contact with a hot object:
a liquid spill on the foot or when a heating
pad is left against the foot for an extended
time. Cold injuries are found in some groups
of athletes because of the environment in
which they play. Winter sports such as alpine
and cross-country skiing, outdoor skating,
snowmobile racing, and mountain climbing
often expose the participant to the dangers of
a cold injury.

Burns of the Foot

The athlete’s foot is usually protected from
burn injury by shoewear. Most burns occur
not during training but, rather, during a
domestic accident. They usually result from
spilling hot liquid on the top of the foot or
brushing against a hot object such as an iron
or radiator. An electrical burn may result
from contact with a live wire, causing current
to pass through the foot. A chemical burn is
due to contact with an acid or base that
causes a direct chemical reaction with the
tissue; it can generate significant heat as it
reacts (Sammarco, 1993; Stanitski, 1985).

Clinical Presentation

Burns initially appear erythematous and
blanch with pressure. After 24 hours, areas
that have been severely damaged do not
blanch on pressure because of damage to the
capillary bed. These areas become white and
may undergo necrosis. Burns are classified by
the extent of tissue damage as first, second,
or third degree injuries (Sammarco, 1993).

A first degree burn is superficial and is
characterized by erythema without blistering.
A second degree burn is also superficial, with
erythema accompanied by blistering. This
partial-thickness injury to the skin involves
damage that extends through the epidermis
to involve a portion of the dermis. A third
degree burn damages the full thickness of the
skin, both epidermis and dermis, and may
extend to the deeper muscle, connective
tissue and bone. Electrical burns generally
create deeper, more extensive tissue damage
than is initially apparent.
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Treatment

The margins of a burn may remain over-
heated when the causative agent is removed,
causing extension of injury. Therefore it is
important to cool the area as soon as possible.
The foot can be immersed in a cool water bath
or placed under cool running water. Blisters
should be left intact and the skin covered
with an antiseptic petroleum jelly gauze.
Second and third degree burns usually re-
quire hospitalization for treatment that may
include intravenous fluid replacement, anti-
biotics, regular dressing changes, débride-
ment, and skin grafting (Deitch, 1990).

With electrical burns the foot should be
dressed and splinted and the patient hospi-
talized for further treatment. Radiographs
should be obtained to determine if any bone
damage has occurred. Treatment is then sim-
ilar to that for third-degree thermal burns.

Chemical burns should be treated by co-
pious irrigation of the skin with running
water to dilute and wash off the irritant.
Extensive chemical burns should be dressed
and splinted, followed by in-hospital treat-
ment (Sammarco, 1993).

Cold Injuries of the Foot

When considering the effects of cold on the
body, it is useful to differentiate the core from
the extremities. The core consists of the
brain, heart, lungs, and abdominal organs;
and the extremities are primarily muscle,
skin, and bones. The human body generates
heat through the oxidation of metabolic con-
stituents. In the resting state this reaction
occurs at a constant rate and is termed basal
heat production. The body functions prop-
erly with temperature regulated between a
few degrees of 37° C (Fritz and Perrin, 1989;
Grace, 1987).

The extremities are involved in thermo-
regulation. The blood supply of the extremi-
ties works as a heat exchanger. Vessels are
arranged to shunt warm arterial blood from
the depths of the extremity to the superficial
veins, where heat is transferred to the tissues
and then the environment.

When the body becomes cold, there are
several mechanisms for increasing heat pro-
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duction. Shivering is caused by muscular
action and can increase heat production three
to four times the basal rate. Purposeful mus-
cular activity produces heat at different rates,
depending on the intensity of the activity.
Mild or moderate intensity activity can pro-
duce heat nearly five times the basal rate and
can usually be maintained for an extended
time. High intensity activity may produce
heat approaching 10 times basal activity but
can be maintained for only brief periods
(Sammarco, 1993).

In addition to generating more heat, the
thermoregulatory mechanisms in the extrem-
ities are activated when the temperature
drops. Shunting of blood to the skin is rap-
idly halted.

Pathogenesis

Cold injury occurs in two general ways. The
first is when the core temperature is main-
tained, but there is local injury to the extrem-
ities. This situation can lead to frostnip, chil-
blains, trench foot, superficial frostbite, and
deep frostbite. The second type of injury oc-
curs when the core temperature falls as does
the temperature in the extremities. This situ-
ation can cause deep frostbite locally; the drop
in core temperature leads to hypothermia,
which can progress to death (Grace, 1987).

There are certain factors that predispose to
cold injuries. Fatigue limits the ability to
generate heat. Alcohol use increases the
shunting of blood to the superficial veins in
the extremities, initially causing warmth but
hastening the body’s loss of heat and the
drop in core temperature. Constrictive cloth-
ing, especially footwear, decreases circula-
tion in the lower extremity. Inadequate insu-
lation from cold and especially the wind
causes heat loss. Wet clothing or immersion
in cold water leads to a rapid loss of heat,
resulting in cold injury (Fritz and Perrin,
1989; Sammarco, 1993).

Frostnip (First Degree Frostbite)

Frostnip, or first degree frostbite, is a super-
ficial injury to the skin of the extremities or
face that occurs in extreme cold or high wind
conditions and leads to partial freezing of the
skin (AAOS, 1991; Delano et al., 1991; Grace,
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1987). It may occur quickly and painlessly,
with the athlete unaware. It appears as a
blanching of the skin and can be treated with
application of a warm hand or blowing warm
air over the area in the field. With warming
there may be tingling in the tissue, but no
permanent damage occurs.

Second Degree Frostbite

The next stage is second degree, or superfi-
cial, frostbite (AAOS, 1991; Delano et al.,
1991). Freezing involves the full thickness of
skin. The skin is white and feels firm, al-
though the deeper tissue is soft. With thaw-
ing, the tissue becomes edematous and
ecchymotic due to damage to blood vessels.
Deeper damage may appear as blistering and
eschar formation. The area initially is numb
with a subsequent burning sensation that can
last for weeks. The area is extremely sensitive
to reexposure to cold.

Treatment involves rewarming, being
careful not to rub or further irritate the tis-
sues. The foot is immersed in a bath of warm
(40°-42° C) water, keeping the foot off the
sides of the container in order to maintain
uniform heating of the foot. The temperature
should be regularly checked by thermometer
and warm water added as the bath cools. The
rewarming continues until the tissue be-
comes reddened.

At the same time the foot is being treated,
the athlete’s core temperature must be main-
tained or raised. Cold and wet clothing is
removed and replaced with warm, loose-
fitting garb. Warm, nonalcoholic drinks are
administered. Analgesic medication may be
needed to treat pain, which manifests during
rewarming.

Deep Frostbite

Deep frostbite describes freezing of the skin
and subcutaneous tissue and can involve the
underlying muscle, connective tissue, and
bone (Delano et al., 1991; Grace, 1987, Sam-
marco, 1993). The skin is white and cold,
feeling frozen solid to touch.

Hospitalization as soon as possible is nec-
essary, but rewarming treatment as for super-
ficial frostbite is instituted immediately. If
there is hypothermia, the core temperature is
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treated first, with extremity rewarming sub-
sequently. As thawing occurs, the injured
area appears purple or black. This event is
painful, requiring analgesics. Large blisters
form, and gangrene may be evident within 1
to 2 days.

After rewarming, the foot is carefully ban-
daged, with cotton pads placed between the
toes. Sterile techniques should be used be-
cause of the risk of infection in the damaged
skin. Blisters are left intact.

A posterior splint maintains the foot and
ankle in the neutral position. The splint is
removed on several occasions during the day
for range-of-motion exercises. Daily whirl-
pool treatments at 38° C followed by air-
drying and reapplication of sterile dressings
are used to clean the foot.

In the event of infection, early débridement
is performed. Without infection, débride-
ment can be deferred for 2 to 3 weeks, when
demarcation is apparent.

Trench Foot

Trench foot develops when the foot has been
exposed to cold water for an extended time
(Sammarco, 1993). It is characterized by
damage to the capillary circulation in the skin
and progresses to involve the muscle and
nerves.

The foot is initially cold, waxy, and mottled,
with the patient complaining of numbness. As
rewarming occurs, the foot becomes swollen
and red secondary to hyperemia. Blisters may
form, and areas that were significantly dam-
aged appear cyanotic or gangrenous.

The foot is immediately removed from the
cold, wet footwear and is rewarmed in a
water bath between 40°-42° C, as for frost-
bite. Hospitalization is recommended. Anti-
biotic therapy and regular dressing changes
under sterile conditions prevent superinfec-
tion of the damaged tissue. Débridement and
amputation of gangrenous areas should be
delayed for several weeks until demarcation
has occurred.

Chilblain

Chilbain occurs when an area has been re-
peatedly exposed to low temperatures for
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prolonged periods (AAOS, 1991). The usual
area of foot involvement is the dorsum of
the toes. The exposure causes a chronic in-
flammatory reaction in the vasculature of
the skin and subcutaneous tissue. Micro-
scopic evaluation of chilblain reveals evi-
dence of perivascular infiltration and intimal
proliferation.

The injured area appears red and swollen,
and it may be hot, tender, and pruritic.
Repeated exposure to cold causes this ap-
pearance; and unless it is well established, it
reverts to normal appearance when the cold
has been removed.

The treatment is avoidance of the cold. The
athlete is advised to abandon tight-fitting
shoes and socks in favor of well insulated and
loose-fitting shoewear.
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Orthotics, Bracing, and Taping

The Role of Athletic Footwear

Athletic shoewear has two basic functions.
The first, fundamental requirement is that it
must protect the foot. The second is to act as
an interface between the body and the func-
tional surface. Highly specialized footwear
has developed for most sports that provides
these two functions. Consider the contrast
between a ski boot and a ballerina’s slipper,
each of which has evolved to optimize ath-
letic performance.

The shoe can protect the foot from multiple
forces. Impact stresses from running and
jumping are increased multifold over normal
weight-bearing activity. Cushioning in the
sole of the shoe dampens the ground reaction
force and dissipates this energy, relieving
loading of the foot. Improved cushioning has
been shown to decrease the incidence of
metatarsal and calcaneal stress fractures in
runners (Cook et al., 1985). Significant torque
may be generated in the foot during athletics
(Andreasson et al., 1986). A football player
must be able to change direction quickly after
foot-plant and cannot tolerate shoe slippage
on the playing surface. The cleats on the shoe
prevent it from slipping when torque is ap-
plied. If the traction is too great, however,
there is an increased risk for sustaining rota-
tional injuries of the ankle or knee (Torg,
1982). Similarly, tennis players on clay sur-
faces must be able to quickly change direc-
tions, which requires good traction. The
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same shoe, however, must allow them to
slide on the clay in controlled fashion when
extending to reach a ball hit to the far side of
the court. Shoes must also protect players
whose feet must undergo rapid acceleration
and deceleration, often in many planes. A
basketball player, for example, is involved in
running with quick stops and starts, lateral
movements, and jumping and landing
motions.

Shoewear also protects the foot from the
environment. Extremes of temperature that
would not be tolerated by the foot alone can
be tolerated with the proper shoe. A long
distance runner can compete on an asphalt
surface on a hot summer day, and a cross-
country skier can compete in the coldest win-
ter conditions. The shoe also protects the foot
against damage due to irregularities in the
surface, which allows running cross-country
through rock, gravel, and other hazards.

The second main function of shoewear is to
act as an interface between the playing sur-
face and the foot. To perform, there must be
efficient transfer of energy from the athlete
by way of the foot to the athletic surface.
Additionally, there is a transfer of informa-
tion about the surface back through the shoe
to the athlete (“feel”). A shoe that is too loose
or poorly constructed may not efficiently
transfer energy from the foot to the surface.
This situation may be seen in the extreme
with alpine ski boots. Here the torque ap-
plied by the leg and foot through the boot is
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efficiently transferred to the edge of the ski,
causing it to turn. A boot that is too soft may
be more comfortable but does not turn the ski
as efficiently.

Cushioning and support are important,
and flexibility is yet another factor. If a shoe is
too stiff, it can irritate the skin and may not
allow the necessary foot and ankle motions
needed to perform the sport. The ballerina’s
slipper provides important support in the
forefoot while allowing full and unrestricted
motion in the midfoot, hindfoot, and ankle.

Another important factor is that the shoe
transmits sensory information back to the
body. The athlete is unconsciously feeling the
environment, the surface, through the inter-
face of the shoe, which for instance allows a
basketball player to feel a slippery spot on the
floor. A skier can tell the texture of the snow
and instantly knows if there is hard ice or a
soft spot, allowing the body to correct for the
difference. The ability to make instantaneous
corrections for the position of the foot enables
the runner to maintain balance on an irreg-
ular surface based on proprioceptive informa-
tion received through the shoe. If the shoe
is poorly designed and does not allow for
this feel, the athlete’s performance may be
hampered.

Advances in material sciences have made
dramatic changes in athletic shoewear in re-
cent years (Torg, 1982). Until recently all
shoes were leather or canvas. The develop-
ment of plastic injection techniques and
closed and open cell foams have provided
many specialized materials that can be fash-
ioned together to make shoes for a specific
function.

The most important factor about athletic
shoewear, no matter what sport is involved,
is the fit of the shoe (Mann, 1993; Torg, 1982).
Shoes that are loose not only decrease the
positive feel the athlete needs for the surface,
they can cause increased shear forces on the
skin, which can lead to blisters and nail
problems from jamming against the end of
the toebox. Conversely, shoes that are too
tight may cause callus formation and over the
long term can cause a multitude of deformi-
ties in the toes including hallux valgus, bun-
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ions, hammertoes, and bunionettes. The
importance of careful fitting of athletic shoe-
wear cannot be overstated.

Shoe Modifications

A variety of modifications can be made di-
rectly to the shoe to improve or maintain
function when foot pathology is encoun-
tered. These modifications differ from ortho-
tics, which are devices placed in the shoe
(Janisse, 1994).

An extra-depth shoe can be used to accom-
modate an orthotic insert. It may also help
the athlete with claw toes or hammertoes that
are being rubbed by a conventional shoe.
Most running shoes are made with remov-
able insoles, and simply replacing them with
a thinner insole may provide the extra depth
needed to accommodate these deformities.

Athletes with bunions or bunionettes may
experience pain from pressure against the
deformity. Obtaining a shoe that is wider in
the forefoot is not always possible, as it then
may be too loose in the hindfoot. The pres-
sure areas can be relieved by stretching the
shoe over the areas of the deformity or
sewing a balloon patch over it.

A rocker-bottom sole is built to allow for
rolling of the foot from heel-strike to toe-off
without the shoe significantly flexing. This
modification is used when there is stiffness in
the foot that does not allow normal motion. It
can be used for hallux rigidus or after midfoot
or ankle trauma that results in stiffness. The
sole is usually stiffened with a fiberglass or
spring steel shank built into the sole.

A solid ankle cushion heel (SACH) is a
wedge of shock-absorbing cushion added to
the sole in the heel. It is often added to the
rocker-bottom sole construct. It can be used
by itself to improve cushioning in athletes
with chronic heel pain.

A flare is an extension along the medial or
lateral side of the sole that provides stability
to the foot. A lateral flare can be used in
athletes with a cavus foot or those with a
tendency to roll laterally off the side of their
foot, sustaining inversion injuries.
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Orthoses

An orthosis is a device that fits into a shoe to
improve function. Various types of orthoses
exist. The major effects of orthoses are to
increase cushioning, maintain alignment,
and alter the weight-bearing stresses in spe-
cific areas of the foot. Given the continual
striving by athletes, coaches, and trainers to
enhance performance, orthoses are widely
used. Unfortunately, much of what is attrib-
uted to orthoses has not been confirmed by
scientific studies.

Canting of ski boots enjoyed great popu-
larity during the 1970s as a means of im-
proving edge control of the ski. The sole of
the ski boot was posted either medially or
laterally based on the position of the skier’s
leg when standing on a swiveling base while
wearing the boot. In fact, this modification is
unncessary except in extreme cases of lower
extremity malalignment.

Longitudinal orthoses have been used
widely by runners to treat excessive prona-
tion of the foot, which is often regarded as
the universal cause of any malady. The use of
orthotic devices with a medial support can
decrease the amount and rate of pronation
when tested in the laboratory (Lutter, 1980;
Mann et al., 1981); however, they also in-
crease the work of running, requiring more
energy expenditure by the athlete (Baxter,
1993). The fundamental question is whether
overpronation is even a pathologic condition
that requires treatment. A large study of 1000
runners in whom a variety of lower extremity
variables were measured found no relation
between pronation and risk of injury (Walter
et al., 1989).

Viscoelastic insoles are frequently pre-
scribed to decrease impact loading of the foot
during running and jumping and to improve
lower extremity kinematics compared with
the conventional insoles already present in
the athletic shoe. The purported benefits
were not demonstrated when critically eval-
uated in the biomechanical laboratory (Nigg
et al., 1988). Therefore although there are
individuals who can benefit from orthotic
devices over the short term, their widespread
use by runners is difficult to support scientif-
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ically. Prospective studies are needed to eval-
uate the efficacy of orthotic devices for treat-
ment and prevention of athletic injuries.

When contemplating prescription of a lon-
gitudinal arch support, factors that require
consideration include durability, expense,
comfort, and effectiveness for treating the
pathologic conditions. These devices must be
used within a shoe that provides medial,
lateral, and dorsal support for the foot. Typ-
ically, these inserts are made from a variety of
materials, ranging in stiffness from soft to
rigid. Softer devices are inexpensive and are
constructed of felt, closed-cell foam, or
leather and cork (Janisse, 1994; Mann et al.,
1981). They are often supplied precut and are
distributed “over the counter” in shoe and
sporting goods stores. Some trimming to fit
the individual shoe may be necessary.

Semirigid supports must be fashioned for
the individual foot (Janisse, 1994; Mann et
al., 1981). They are made of closed-cell foams
of differing densities and rigidity. The mate-
rials can be heat-molded to fit the foot. Com-
posite orthoses can be constructed that com-
bine a stiffened underlayer for support with a
softer, cushioning layer against the skin.
They can be “posted” with greater thickness
along the medial side to control pronation.
Semirigid orthoses provide the best combina-
tion of support and cushioning for runners
who require an orthotic device (McKenzie et
al., 1985).

Rigid orthoses are made of acrylic from a
positive plaster mold (Janisse, 1994; Torg,
1982). A cast of the sole of the foot is made
while the foot is in a functional position. The
cast is sent to a fabricator, who makes a
positive mold from the impression. The
acrylic can then be further modified with
padding, wedges can be added, or it can be
sanded down for a final, “true” fit. These
orthoses are the most expensive and are what
most athletes know as “orthotics.” Because of
their rigidity, these devices decrease shock
absorption in the heel and can lead to stress
injuries in the leg. Extending only to the ball
of the foot, they also can adversely affect the
forefoot. Interdigital neuromas and sesmoid
problems have been associated with their use
(Baxter, 1993).
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Most longitudinal arch supports should be
prescribed for short-term use to treat an iden-
tified problem. Once the problem has re-
solved, it is generally best to remove the
support, continuing activity as before. If
there is recurrence of the injury, permanent
use of the device is indicated. Orthoses used
after the original injury has healed may cause
secondary problems in the foot.

The UCBL insert is a specialized type of
longitudinal arch support designed at the
University of California Biomechanics Labo-
ratory (Mann, 1993). This rigid device of
fiberglass or polypropylene is custom-
molded with the hindfoot in a neutral posi-
tion. It has walls extending up around the
heel that control hindfoot position. The me-
dial wall supports the talonavicular joint, and
the lateral wall prevents the forefoot from
slipping into abduction. It is used to treat the
symptomatic flexible flatfoot.

A HAPAD is a piece of felt with an adhe-
sive backing that is supplied in a variety of
thicknesses and sizes. These devices are
useful for unweighting specific areas, espe-
cially the forefoot. For example, relief of a
metatarsal head is achieved by transferring
pressure proximally along the shaft, where
more area is available to share the load. These
devices are inexpensive, readily available
from shoe dealers, and the athlete can posi-
tion the pad himself or herself to obtain the
best relief. It is usually best to start with a
small size, progressing to larger ones as
needed. They are useful for treating a variety
of forefoot problems including sesamoiditis,
plantar callus, interdigital neuromas, and
metatarsalgia.

Several devices can support a single toe
and are used to treat hammertoes, metatar-
sophalangeal (MTP) synovitis, and sprains
about the MTP joint. A toe crest has a loop of
elastic that is attached to a wedge-shaped
piece of felt. The loop passes over the dorsum
of the base of the toe, and the wedge fits
under the toe. The elastic loop is pulled snug,
causing the toe to be bound against the
wedge. The toe crest has a small profile and
can be worn with most shoes.

A variation on the toe crest has a large, flat
cushion to which the elastic strap attaches. It
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maintains the cushion against the ball of the
foot. This device is useful for treating a ham-
mertoe that has accompanying tenderness
under the MTP joint. The cushion pad in-
creases the bulk of this orthosis, however,
which limits its use to shoewear with an
adequate toebox.

Sponge pads are used to spread the toes
when treating corns. The sponge is placed
distally to keep adjacent toes apart, thereby
relieving pressure. They are also used to treat
soft corns at the base of a web space. The
major disadvantage of these devices is that
the lateral toe is forced into abduction. Unless
an adequate toebox is available, a corn may
develop along the side of the fifth toe.

A variety of orthoses are available for use at
the heel. Sponge, felt, and viscoelastic
polymer pads can be used to increase cush-
ioning under the heel. Heel cups are cush-
ions with extensions to enclose the sides and
back of the heel. The walls of the cup help to
contain the normal fat pad of the heel, en-
hancing its cushioning effect. These are
bulkier than simple heel pads and may not fit
in all shoes.

Braces

Braces are used for the nonoperative treat-
ment of soft tissue injuries of the ankle and
hindfoot. A variety of braces are available,
each providing some measure of compres-
sion with a stabilizing effect on the ankle. An
elastic bandage wrap is used primarily for
compression, and when woven in a figure-
of-eight pattern around the ankle it provides
some stability with limited weight-bearing. It
serves as a constant reminder to the patient
that an injury is being treated, reinforcing the
notion of rest. A variation is the slip-on
elastic ankle sleeve. It is a low profile support
that acts similarly to an elastic wrap but is
easier to wear with a shoe. Another variation
is the neoprene sleeve. All of these devices
are useful for treating mild injuries or during
the final phases of rehabilitation as activities
are being advanced.

A stirrup brace supports the ankle with
medial and lateral cushioned splints that ex-



180

tend up the distal third of the leg and are
connected under the heel by a plastic disc.
Velcro straps wrap around the uprights, pro-
viding compression and significant stability.
These braces allow nearly unrestricted ankle
motion while blocking subtalar motion and
ankle inversion. They are commonly used for
acute treatment of ankle sprains and subtalar
injuries.

A lace-up ankle brace is a canvas sleeve
with laces running through eylets along the
front. Incorporated in the sleeve are rigid
bars that, when the sleeve is laced into place,
limit ankle inversion. They also limit ankle
dorsiflexion and plantarflexion more than the
stirrup brace. These braces are useful for
treating chronic lateral ankle instability be-
cause of their improved durability compared
to that of stirrup braces.

An Unna boot is made by wrapping the
foot, ankle, and distal leg with a special
gauze impregnated with zinc oxide and cala-
mine. This treatment is popular for venous
stasis ulcers but has a place in treating acute
ankle sprains associated with significant
swelling and pain. The “boot” is reserved for
the low-level recreational athlete who does
not have access to an aggressive rehabilita-
tion program. It provides compression and
support for the ankle while permitting
weight-bearing. It is used for 1 to 2 weeks, at
which time it loosens as swelling resolves.

A removable walking orthosis, or CAM
(controlled ankle motion) walker, has many
uses for treating injuries of the foot and ankle.
It provides stability comparable to a plaster
cast with the advantage of being removable,
which allows the patient to participate in re-
habilitation with motion exercises and allows
bathing. A potential disadvantage is thatit can
be removed by the patient at will and so
should not be used on an unreliable patient.

Polypropylene ankle foot orthoses (AFOs)
have few indications in the athletic popula-
tion. They are custom molded, using a Velcro
strap to attach them to the leg. AFOs are
useful for protecting Achilles tendon recon-
structions, for initial nonoperative treatment
of peroneal spastic flatfoot (tarsal coalition),
and as night splints when treating chronic
plantar fasciitis.

Plaster or fiberglass casts provide rigid sta-
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bility that is often needed after surgery.
Other uses include the treatment of fractures
and acute sprains. When applied for an ex-
tended period, casts can cause joint stiffness
and osteoporosis, so for most athletic injuries
the duration of use should be limited.
Changing to a removable orthosis is usually
feasible by 2 to 3 weeks. Noncompliant pa-
tients, however, remain a good indication for
prolonged cast immobilization.

Taping Techniques

Taping provides support and compression
after acute injuries as well as protection
against recurrent injury. Taping is particu-
larly useful forn treating plantar fasciitis and
injuries of the longitudinal arch, Achilles
tendonitis, and sprains of the ankle and toes.
Certain basic principles apply to all taping
regimens.

The area to be taped must be clean, dry,
and shaved of hair, unless an underwrap is
used. An underwrap diminishes the positive
grip of the tape on the skin, decreasing the
efficiency of the taping. To improve adhe-
siveness, tincture of benzoin is first applied
to the skin. Anchor strips of tape are placed
proximally and distally to hold the functional
tape in place. Tape should always be applied
by overlapping successive strips, as it an-
chors the tape to the preceding strip and
eliminates the chance that a blister will form
in an uncovered area between two strips of
tape. When applying tape, as with casting,
the athlete and physician should both be in
comfortable positions.

Tape can loosen with wear, or the edges
can unravel, so a covering layer of Coban is
added at the end. Some patients have aller-
gies to the adhesive in the tape or to tincture
of benzoin, which once identified is avoided
thereafter. If not applied properly, blistering
or small skin lacerations can result. Tape
should be carefully removed with special
tape cutters or scissors.

Ankle Taping (Open Basketweave)

The open basketweave technique is useful for
acute ankle sprains because it accommodates
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swelling in the ankle (Bonci, 1982; Cox, 1985).
It provides compression but little support.
Rolls of 1.0 or 1.5 inch adhesive tape are used
with two felt pads each covered on one side
with petroleum jelly.

1.

The athlete sits on a table with the knee in
extension and the lower half of the leg
extending past the end of the table. The
operator faces the sole of the foot.

. Felt pads are applied over the dorsum of the

ankle and posterior to the heel at the level
of the Achilles insertion with the petroleum
jelly side against the skin. A proximal an-
chor strip is placed around three-fourths
the circumference of the leg at the midcalf
level, leaving the open area in front. An-
other anchor strip is applied at the level of
the metatarsal heads on the ball of the foot,
extending on each side onto the dorsum of
the foot, leaving the midline free.

. A vertical stirrup is applied starting at the

proximal anchor strip medially, under the
heel, and running back up the lateral side
of the leg to the anchor strip. This ma-
neuver should pull the ankle under mod-
erate tension into eversion. This first ver-
tical stirrup should be placed as posteriorly
as possible.

. A horizontal stirrup is applied from the dis-

tal anchor strip at the medial side of the first
metatarsal head, wrapping around the
heel, and ending over the anchor strip
along the lateral side of the fifth metatarsal
head.

. A second vertical stirrup is applied parallel

to the first, overlapping in front of it one-
half the width of the tape. Next, a second
horizontal stirrup is applied, overlapping
the first one in similar fashion, one-half the
tape width above it.

. Vertical and horizontal stirrups are then

alternated. Care is taken to leave an ante-
rior opening the entire length of the ankle
and foot to allow for swelling. Loose ends
can be anchored with longitudinal strips or
covered with an elastic bandage or Coban.

Ankle Taping (Figure-of-Eight)

Figure-of-eight taping (Fig. 8.1) provides sup-
port for lateral ankle ligaments that are
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chronically injured (Bonci, 1982). This ban-
dage completely encircles the limb and is
therefore not used for an acute injury. Rolls
of 1.0 or 1.5 inch adhesive tape are used with
two felt pads each covered on one side with
petroleum jelly.

1. The athlete sits on a table with the knee in
extension and the lower half of the leg
extending past the end of the table. The
operator faces the sole of the foot.

2. Felt pads are applied over the dorsum of
the ankle and posterior to the heel at the
level of the Achilles insertion, with the
petroleum jelly side against the skin (Fig.
8.1A). After an underwrap is placed, a
proximal anchor strip is placed circumfe-
rentially around the leg at the midcalf, and
a distal one is applied circumferentially
around the foot at the level of the distal
arch.

3. Heel locks are applied next, using two or
three in each direction. The lateral heel
lock begins over the lateral distal leg. The
tape is run at a 45 degree angle over the
front of the distal leg, extending from
above the medial malleolus. It then con-
tinues in a barberpole configuration inferi-
orly and posteriorly about the ankle to the
lateral side of the heel. It passes under the
arch and is brought up to the dorsum of
the midfoot. The medial heel lock follows a
corkscrew pattern in the opposite direc-
tion. It starts on the dorsum of the mid-
foot and is directed in front of the lateral
malleolus, drops inferiorly under the
heel, and returns behind the medial mal-
leolus. It then passes posteriorly over the
Achilles attachment, wrapping around the
lateral side to end on the dorsum of the
midfoot (Fig. 8.1B and C).

4. Figure-of-eight strips are then applied
using enough tension to place the ankle in
slight eversion. The tape starts in front of
the medial malleolus and passes down and
under the posterior arch to the lateral side.
The foot is manually everted at this point.
The tape continues up and over the ante-
rior ankle, meeting the starting point, and
then continuing posteriorly around the
back of the distal leg. It is then directed
to the front of the ankle, encircling both
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Ficure 8.1. (A-D) Steps for figure-of-eight ankle taping.

the hindfoot and distal leg. Two to four
figure-of-eight wraps are applied.

5. Fill-in strips hold the functional compo-
nents in place. They should also be applied
in an overlapping fashion from distal to
proximal (Fig. 8.1D).

Achilles Tendon Taping

Taping is useful for treatment of achilles
tendonitis (Bonci, 1982). It restricts dorsi-
flexion and relieves stress on the tendon.
Rolls of 1.0 or 1.5 inch adhesive tape and 2 or
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3 inch elastic tape are used with a felt heel
pad covered on one side with petroleum
jelly.

1. The athlete lies prone on a table with the
lower leg extended over the end. The
ankle is in a relaxed position of 10 to 15
degrees plantarflexion. The operator
stands at the foot of the table.

2. Circumferential anchor strips of adhesive
tape are applied proximally at the midcalf
and distally just proximal to the metatarsal
heads.

3. Longitudinal strips of elastic tape are ap-
plied. The first strip starts at the distal
anchor under the first metatarsal head,
runs to the heel and then the posterolateral
leg, ending at the lateral side of the prox-
imal anchor strip. The next strip begins at
the distal anchor under the fifth metatarsal
head, passes back to the heel, running up
the posteromedial leg to end at the medial
side of the proximal anchor strip. A third
strip is positioned in the midline running
from the distal strip along the sole of the
foot and then along the posterior calf to
end at the anchor strip.

4. Fill-in strips of elastic tape then encircle the
foot and leg, beginning distally and over-

lapping appropriately.

Arch Taping (Low-Dye Technique)

Arch taping is used to treat plantar fasciitis
and acute injuries to the longitudinal arch
(Fig. 8.2). The technique relieves strain on the
plantar fascia and plantar tarsal ligaments
(Scranton et al., 1982). One inch adhesive
tape is used.

1. The athlete sits or lies supine on a table
with the ankle and foot extending over the
end. The taper stands at the end of the
table.

2. An anchor strip is applied along the meta-
tarsal heads and extends to the dorsum on
both medial and lateral sides (Fig. 8.2A).

3. A supportive strip is started under the fifth
metatarsal head, crossing under the arch
to the medial heel and then wrapping
posteriorly around the heel just below the
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Achilles tendon (Fig. 8.2B). It is continued
down the lateral side of the heel to the
sole, where it crosses itself under the arch
before ending under the first metatarsal
head (Fig. 8.2C). A second strip of tape is
placed similarly.

4. Three fill-ins are placed over the anchor
strips at the metatarsal head level, sand-
wiching the ends of the supportive strips
and locking them in place. Additional fill-
ins are used on the plantar aspect of the
foot (Fig. 8.2D), or the foot is encircled
with Coban.

Great Toe Taping

Great-toe taping is used to treat turf toe (Fig.
8.3) and sesamoid injuries to support the
great toe and limit dorsiflexion (Sammarco,
1993). One inch adhesive tape is used.

1. The athlete sits on a table with the knee
extended and the heel at the edge of the
table.

2. An anchor is placed circumferentially
around the toe and about the forefoot at
the metatarsal head level (Fig. 8.3A).

3. Figure-of-eight supports are then applied.
The strips are started under the first meta-
tarsal head from the anchor, run along the
medial side of the toe, and pass over the
dorsum of the toe proximal to the inter-
phalangeal joint (Fig. 8.3B). The tape is
then routed from the base of the metatar-
sal, crossing laterally over the toe to end at
the distal anchor. This procedure is re-
peated two or three times.

4. Fill-in strips are then placed from distal to
proximal to lock the supportive strips to
the anchors (Fig. 8.3C).

Buddy Taping

Buddy taping is used to treat fractures and
dislocations of the lesser toes. The adjacent
normal toe acts as a splint for the injured one.
One-half inch adhesive tape is used. A small
wisp of cotton, felt, or lamb’s wool is inserted
between the toes. The tape is then wrapped
circumferentially about the two toes at least
twice.
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Ficure 8.2. (A-D) Steps for plantar fascia taping.

Injection Techniques

Injections are useful for diagnosing and
treating a variety of foot and ankle disorders.
Diagnostic injections are performed with
local anesthetic and are placed in a joint,

tendon sheath, or specific area of tenderness.
The athlete is then asked to perform activities
that would normally cause pain to confirm
the diagnosis.

In the forefoot, for example, injections are
used to differentiate an interdigital neuroma
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Ficure 8.3. (A-C) Steps for turf toe taping.

from metatarsophalangeal (MTP) joint syno-
vitis. Often an injection can discriminate
ankle from subtalar joint pain or ankle from-
peroneal tendon pain. Once the site of pain
has been identified, appropriate treatment
can be administered. Steroid injections are
indicated for a number of conditions. Ste-
roids, however, are contraindicated near the
Achilles or posterior tibial tendons.

Diagnostic Local Anesthetic Injection

The athlete is first questioned about any
known allergies to local anesthetics.

1. A mixture of 1% lidocaine and 0.5% bupi-
vacaine (Marcaine) provides a block lasting
4 to 5 hours. Solutions with epinephrine
are not used. The local anesthetics are
drawn into a single syringe. For most
forefoot injections a 3 ml syringe provides
an adequate volume, whereas for most
hindfoot and ankle injections a 5 ml

syringe is used. For most injections in the
foot and ankle, a 25 gauge 1.5 inch needle
is selected.

2. The area to be injected is identified and the
overlying skin prepared with an antiseptic
solution. A topical anesthetic such as ethyl
chloride is sprayed on the skin at the
injection site. The needle is then placed
through the skin into the area of pathol-
ogy. It is important that minimal or no
local anesthetic is injected in the skin or
surrounding tissue. The anesthetics are
preferentially injected in the area of sus-
pected pathology. This caution ensures
that only the chosen area is blocked, en-
hancing the usefulness of this test for
determining the source of pain.

Steroid Injection

Injection of corticosteroid is performed in a
manner similar to that for a simple local
anesthetic injection.
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1. A syringe with local anesthetic is prepared
as above. A second 3 ml syringe is filled
with 1 ml of triamcinolone or dexame-
thasone if a water soluble steroid is pre-
ferred. The skin is prepared with an anti-
septic solution, and a topical anesthetic is
applied.

2. The local anesthetic is injected and the
needle advanced to the apppropriate posi-
tion. The needle is left in place; the syringe
is then detached and replaced with the
syringe containing the steroid. The steroid
is injected, usually a volume of 0.3 to 0.5
ml for the forefoot joints and interdigital
neuromas and 1 ml in the hindfoot joints
or in the plantar fascia attachment.

3. The needle is again left in place, and the
steroid-containing syringe is removed and
replaced with the local anesthetic syringe.
The needle is then slowly withdrawn with
only local anesthetic injected. This step
ensures that no steroid is inadvertently
left in the subcutaneous tissue or skin.
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A

Accessory navicular, 66-68
clinical signs, 66
excision of, 68
nonoperative treatment, 67
radiography, 67

Achilles tendon, 24-25, 123-129
anatomical factors, 33
Haglund syndrome, 34-38
insertional Achilles tendonitis, 34-38
taping of, 182-183
tendonitis, 123-126
tendon rupture, 126-129

Achilles tendonitis, 123-126
clinical signs, 123
excision of scarred tissue and paratenon,

125-126

excision of segment of tendon, 126
nonoperative treatment, 124
radiography, 123-124

Achilles tendon rupture, 126-129
acute repair, 127-129
clinical signs, 126-127
nonoperative care, 127
radiography/MRI, 127
repair of chronic rupture, 129, 130

Acute metatarsal fracture, 116-118
clinical signs, 116
closed reduction, 117
nonoperative care, 117
open reduction and fixation, 117-118
radiography, 116-117

Acute sesamoid fracture, 73-76
clinical signs, 73
lateral sesamoidectomy, 75-76
medial sesamoidectomy, 74-75
nonoperative treatment, 74
radiography, 73-74

Ankle

chronic lateral ankle instability, 7-12
fractures, 14-19
ligament injuries, 1-7
osteochondral lesions of talus, 19-24
pain, 24-30
posterior ankle impingement, 25-28
syndesmosis sprains, 12-13
tibiotalar spurs, 28-30
Ankle bracing, 180
Ankle foot orthoses (AFOs), 180
Ankle fractures, 14-19
classification of, 14-15
clinical signs, 14
nonoperative treatment, 15
open fractures, 14
radiography, 14
surgical treatment, 15-18
Ankle ligament injuries, 1-7
anterior drawer test, 2, 3
arthrography, 3
biomechanical factors, 1
classification of, 4-5
clinical signs, 1-2
complications of, 7
diagnosis of, 3-4
initial treatment, 5-6
lateral, 1
laxity tests, 2-3
magnetic resonance imaging (MRI), 3
nonoperative treatment, 5
prevention of, 5
radiography, 3
surgical treatment, 5
talar tilt test, 2-3
treatment schedule, 6-7
Ankle pain, 24-30
anatomical factors, 25
differential diagnosis, 24-25
posterior ankle impingement, 25-28
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tibiotalar spurs, 28-30
Anterior drawer test, 2, 3
Anterior process of calcaneus fracture, 48-49
clinical signs, 48-49
excision of anterior process of calcaneus, 49
nonoperative treatment, 49
open reduction and internal fixation, 49
Arch taping, 183
Arthrodesis, first MTP, 91, 94-96
Arthrography, ankle ligament injuries, 3
Arthroscopy, osteochondral lesions of talus,
22-23
Athlete’s foot, 165
diagnosis of, 165
prevention of, 165
treatment of, 165
Athletic shoeware, 176-177
Atypical metatarsal stress fractures, 63-64
treatment of, 64

B
Basilar first metatarsal osteotomy, 89
Blisters, 164-165
causes of, 164
prevention of, 164-165
treatment of, 165
Bone grafting, Jones fracture, 60-62
Braces, 179-180
prevention of ankle injuries, 5
types of, 179-180
Buddy taping, 183
Bunionectomy
chevron, 86-88
modified McBride, 88-89
simple, 86
Bunionette, 112-114
clinical signs, 112
fifth metatarsal chevron osteotomy, 113-114
nonoperative care, 113
radiography, 112
simple exostectomy, 113
Bunions. See Hallux valgus and bunions
Burns, 171-172
characteristics of, 172
treatment, 172

C
Calcaneal apophysitis. See Sever’s syndrome
Calcaneal stress fracture, 45
clinical signs, 45
radiography, 45
treatment, 45
Calluses. See Corns and calluses

Index

CAM (controlled ankle motion) walker, 180
Cheilectomy, 93-94, 104-105
Chemical matrixectomy, 169
Chevron bunionectomy, 86-88
Chilbain, causes of, 174
Chronic lateral ankle instability, 7-12
anatomic reconstruction, 10-12
delayed primary repair, 8-10
diagnosis of, 7-8
nonoperative treatment, 8
reconstruction, 8, 10-12
Clawtoes. See Hammertoes/clawtoes
Cold injuries, 172-174
bodily response to, 172-173
chilbain, 174
development of, 173
frostbite, 173-174
frostnip, 173
trench foot, 174
Compartment syndrome, forefoot, 118-119
anatomical factors, 118-119
clinical signs, 119
forefoot compartment release, 119
measurement of pressures, 119
Condylectomy
for hard corn, 159
for metatarsal head, 160-161
Congenital curly toes, 110
clinical signs, 110
nonoperative treatment, 110
open flexor tenotomy, 110
Congenital problems
curly toes, 110
tarsal coalition, 45-48
Corns and calluses, 155-162
characteristics of, 155-157
condylectomy for hard corn, 159
condylectomy for metatarsal head, 160-161
debridement, 158-159
nonoperative care, 157-158
osteotomies for metatarsal neck, 161-162
syndactylization for soft corn, 159-160
Correction of malrotation procedure, 112

D
Dancer’s fracture, 63
screw fixation, 63

Danis-Weber classification, ankle fractures,
14-15, 16

Distal tibiofibular injuries. See Syndesmosis
sprains

Dorsal lip of navicular fracture, 53

Dorsiflexion osteotomy of metatarsal neck, 105
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E
Ecchymosis, 2
Electromyography, 149, 151

F
Fifth metatarsal chevron osteotomy, 113-114
Fifth toe overlap/underride, 110-112
clinical signs, 111
correction of malrotation, 111-112
correction procedure, 111-112
nonoperative treatment, 111
soft tissue release, 111
Flexor hallucis longus tendon, anatomy of,
140-141
Flexor hallucis longus tendon injury, 140-141
clinical signs, 140-141
nonoperative care, 141
radiography, 141
surgical release of FHL sheath, 141
Forefoot, anatomy of, 71-72, 96-97, 118-119
Forefoot conditions and injuries
acute metatarsal fracture, 116-118
bunionette, 112-114
compartment syndrome, 118-119
congenital curly toes, 110
fifth toe overlap/underride, 110-112
Freiberg’s infraction, 103-105
great toe phalangeal fracture, 81-82
hallux rigidus, 91-96
hallux valgus and bunions, 82-91
hammertoes/clawtoes, 105-109
interphalangeal joint dislocation, 80-81
lesser toe fractures/dislocations, 114-118
mallet toe, 109-110
metatarsophalangeal (first) joint dislocation,
78-80
metatarsophalangeal joint chronic conditions,
97-103
sesamoid injuries, 72-76
turf toe, 76-78
Foreign bodies/puncture wounds, 170-171
clinical signs, 170-171
radiography, 171
treatment, 171
Fractures
ankle, 14-19
forefoot, 73-76, 81-82, 114-118
hindfoot, 45, 48-51
midfoot, 57-66
open, 14
Freiberg’s infraction, 103-105
cheilectomy, 104-105
clinical signs, 103
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dorsiflexion osteotomy of metatarsal neck, 105
nonoperative treatment, 104
radiography, 103-104
Frostbite, 173-174
degrees of, 173-174
treatment of, 173-174
Frostnip, 173
Fungal infections
athlete’s foot, 165
in toenail, 166-167

G
Girdlestone-Taylor tendon transfer, 101-102
Great toe phalangeal fracture, 81-82

clinical signs, 81

nonoperative treatment, 81-82

open fracture, 82

open reduction, 82

H
Haglund syndrome, 34-38
causes of, 34-35
diagnosis of, 35
nonoperative treatment, 36
radiography, 35
surgical decompression, 36-38
Hallux rigidus, 91-96
causes of, 91
cheilectomy, 93-94
clinical signs, 91-92
first MTP arthrodesis, 94-96
nonoperative treatment, 92-93
radiography, 92
Hallux valgus and bunions, 82-91
basilar first metatarsal osteotomy, 89
chevron bunionectomy, 86-88
clinical signs, 84
etiology, 83-84
first MTP arthrodesis, 91
modified McBride bunionectomy, 88-89
nonoperative treatment, 85
proximal phalangeal medial closing wedge
osteotomy, 89, 91
radiography, 84-85
simple bunionectomy, 86
Hammertoes/clawtoes, 105-109
clinical signs, 106-107
MTP joint release, 108-109
nonoperative treatment, 107
pathogenesis, 106
proximal hemiphalangectomy, 108
HAPADS
Morton’s neuroma, 146
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for synovitis, 98
usefulness of, 179
Heel pad pain, 43-45
clinical signs, 43
radiography, 43
treatment of, 44-45
Heel pain, 33-38
anatomical factors, 33-34
calcaneal stress fracture, 45
Haglund syndrome, 34-38
heel pad pain, 43-45
insertional Achilles tendonitis, 34-38
plantar fasciitis, 39-43
posterior heel pain, 34-38
Sever’s syndrome, 38
subcalcaneal heel pain, 39-43
Heifitz procedure, 169-170
Hindfoot conditions and injuries
anterior process of calcaneus fracture, 48-49
dorsal lip of navicular fracture, 53
heel pad pain, 43-45
heel pain, 33-38
lateral talar process fracture, 49-51
subtalar dislocation, 51-53
tarsal coalition, 45-48

I
Ingrown toenails, 167
Injections
local anesthetic, 185
steroid injection, 185-186
See also Steroid injection
Insertional Achilles tendonitis, 34-38
causes of, 34
diagnosis of, 35
radiography, 35-36
surgical decompression, 36-38
Interphalangeal joint (first) dislocation, 80-81
clinical signs, 80
closed reduction, 80-81
open reduction, 81
radiography, 80
Intraarticular fifth metatarsal base fracture. See
Dancer’s fracture
Intractable plantar keratosis, 162

J

Jones fracture, 59-63
bone grafting, 62-63
clinical signs, 59-60
screw fixation, 60-62

K
Keller procedure, 93

Index

L
Lateral talar process fracture, 49-51
Lauge-Hansen classification, ankle fractures,
14-15
Laxity tests, ankle ligament injuries, 2-3
Lesser toe dislocations, 115-116
clinical signs, 115
closed reduction, 115-116
open reduction, 116
Lesser toe fractures, 114-118
clinical signs, 114-115
nonoperative care, 115
radiography, 115
surgical treatment, 115
Longitudinal orthosis, 178, 179

M
Magnetic resonance imaging (MRI)
ankle ligament injuries, 3
osteochondral lesions of talus, 21
Mallet toe, 109-110
clinical signs, 109
middle hemiphalangectomy, 110
nonoperative treatment, 109
percutaneous long flexor tenotomy, 109
Metatarsophalangeal joint chronic conditions,
97-103
subluxation/dislocation, 99-103
synovitis, 97-99
Metatarsophalangeal joint (first) dislocation,
78-80
clinical signs, 78-79
closed reduction, 79-80
open reduction, 80
radiography, 79
Type I and 1I injuries, 78
Metatarsophalangeal joint subluxation/
dislocation, 99-103
clinical signs, 99-100
closed reduction, 100-101
collateral ligament repair, 103
Girdlestone-Taylor tendon transfer, 101-102
nonoperative care, 100
open reduction, 101
radiography, 100
Middle hemiphalangectomy, 110
Midfoot injuries
accessory navicular, 66-68
atypical metatarsal stress fractures, 63-64
dancer’s fracture, 63
Jones fracture, 59-63
midfoot sprains, 56-57
plantar fibromatosis, 68-70
sprains, 56-57
stress fractures, 57-59
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tarsal navicular stress fracture, 64-66
Midfoot sprains, 56-57

clinical signs, 56

radiography, 56

treatment, 56-57
Modified McBride bunionectomy, 88-89
Morton’s neuroma, 145-148

clinical signs, 145-150

excision of primary neuroma, 147

excision of recurrent neuroma, 147-148

steroid injection, 146-147

N

Nail margin excision, 168-169

Nail plate avulsion, 168

Nerve injuries
Morton’s neuroma, 145-148
peroneal nerve compression, 151-152
peroneal nerve entrapment, 152-153
sural nerve entrapment, 153
tarsal tunnel syndrome, 148-151

o
Open basketweave ankle taping, 180-181
Open flexor tenotomy, 110
Orthoses, 178-179
Osteochondral lesions of talus
arthroscopy, 22-23
causes of, 19
classification of, 19-20
clinical signs, 20-21
nonoperative treatment, 21-22
open treatment, 22, 23-24
pathogenesis, 19
radiography, 21
Osteotomies, for metatarsal neck, 161-162

P
Pain
ankle pain, 24-30
heel pain, 33-45
Parallel pitch, 35
Percutaneous long flexor tenotomy, 109
Peroneal nerve compression, 151-152
clinical signs, 151
electrodiagnostic tests, 151
nonoperative care, 151-152
surgical treatment, 152
Peroneal nerve entrapment, superficial, 152-153
clinical signs, 152-153
partial fasciotomy, 153
Peroneal tendon, anatomy of, 130-131
Peroneal tendon dislocation, 130-132
acute/chronic dislocation, 131-132
radiography/MRI, 131

191

stabilization of tendon, 132
Peroneus brevis tendon, anatomy of, 135
Peroneus brevis tendonitis, 135-137
clinical signs, 135-136
nonoperative care, 136
operative repair, 136-137
radiography, 136
Peroneus longus tendon, anatomy of, 132-133
Peroneus longus tendonitis, 132-135
clinical signs, 133-134
nonoperative care, 134
operative repair, 134-135
radiography, 134
Plantar fasciitis, 39-43
causes of, 39
clinical signs, 39
diagnosis, 39
plantar fascia release, 42-43
radiography, 39-40
steroid injection, 40-42
taping, 42
Plantar fibromatosis, 68-70
clinical signs, 69
excision, 69-70
Plantar wart, 163-164
development of, 163
nonoperative treatment, 163-164
Posterior ankle impingement, 25-28
clinical signs, 25
injection technique, 27
nonoperative treatment, 26-27
radiography, 25-26
surgical treatment, 27-28
Posterior tibialis tendon, anatomy of, 137-138
Posterior tibialis tendon rupture, 137-140
causes of, 137
clinical signs, 138
nonoperative care, 138-139
radiography, 138
reconstruction of posterior tibialis tendon with
FDL transfer, 139-140
synovectomy of posterior tibialis tendon
sheath, 139
Proximal diaphysis of fifth metatarsal bone
fracture. See Jones fracture
Proximal hemiphalangectomy, 108

R
RICE, ankle ligament injuries, 6-7
Rocker-bottom sole, 177

S

Screw fixation
ankle fracture, 15-18
dancer’s fracture, 63
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Jones fracture, 60-62
syndesmosis sprains, 12-13
Sesamoid intractable plantar keratosis, 162-163
Sesamoiditis, 72-73
clinical signs, 72
radiography, 72
treatment, 72-73
Sesamoid injuries, 72-76
acute sesamoid fracture, 73-76
sesamoiditis, 72-73
sesamoid stress fracture, 76
Sesamoid stress fracture, 76
clinical signs, 76
radiography, 76
Sever’s syndrome, 38
clinical signs, 38
radiography, 38
treatment, 38
Shoes
athletic shoeware, 176-177
modifications to, 177
orthoses, 178-179
Simple bunionectomy, 86
Simple exostectomy, 113
Skin disorders
athlete’s foot, 165
blisters, 164-165
corns and calluses, 155-162
plantar wart, 163-164
sesamoid intractable plantar keratosis, 162-163
Soft tissue release, 111
Solid ankle cushion heel (SACH), 177
Sponge pads, 179
Sprains
midfoot sprains, 56-57
syndesmosis sprains, 12-13
turf toe, 76-80
Spurs, tibiotalar spurs, 28-30
Steroid injection
injection technique, 185-186
Morton’s neuroma, 146-147
plantar fasciitis, 40-42
synovitis, 98-99
Stirrup brace, 179-180
Stress fractures, midfoot, 57-59
atypical metatarsal stress fractures, 63-64
causes of, 57-59
clinical signs, 59
dancer’s fracture, 63
Jones fracture, 59-63
radiography, 59
tarsal navicular stress fracture, 64-66
treatments, 59
Subtalar dislocation, 51-53
closed reduction, 53

Index

postreduction care, 53
Subtalar instability, 8
Subungual hematoma drainage, 168
Sural nerve entrapment, 153, 442

clinical signs, 153

nonoperative care, 153
Syndactylization, for soft corn, 159-160
Syndesmosis sprains, 12-13

biomechanical factors, 12

clinical signs, 12

nonoperative treatment, 12

ossification after sprain, 13

radiography, 12

screw fixation, 12-13
Synovectomy, 99

of posterior tibialis tendon sheath, 139
Synovitis, 97-99

clinical signs, 97-98

HAPAD placement, 98-99

radiography, 98

steroid injection, 98-99

synovectomy, 99

T
Talar compression syndrome. See Posterior ankle
impingement
Talar tilt test, ankle ligament injuries, 2-3
Talus, osteochondral lesions of, 19-24
Taping
Achilles tendon, 182-183
arch taping, 183
buddy taping, 183
figure-of-eight ankle taping, 181-182
great-toe taping, 183
open basketweave ankle taping, 180-181
plantar fasciitis, 42
prevention of ankle injuries, 5
Tarsal coalition, 45-48
clinical signs, 45-46
excision of calcaneonavicular coalition, 48
excision of subtalar coalition, 46-47
nonoperative treatment, 46
radiography, 46
Tarsal navicular stress fracture, 64-66
clinical signs, 64-65
surgical treatment, 65-66
Tarsal tunnel syndrome, 148-151
anatomical aspects, 148
clinical signs, 149
electrodiagnostic tests, 149
etiology, 148-149
nonoperative treatment, 149-150
tarsal tunnel release, 150-151
Tendon disorders
Achilles tendon, 123-129
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Achilles tendonitis, 123-126
Achilles tendon rupture, 126-129
flexor hallucis longus tendon, 140-141
peroneal tendon, 130-135
peroneus brevis tendon, 135-137
posterior tibialis tendon, 137-140
tibialis anterior tendon, 142
Tendonitis
Achilles tendonitis, 123-126
insertional tendonitis of Achilles tendon, 34-38
peroneus longus tendonitis, 132-135
tibialis anterior tendonitis, 142
Tibialis anterior tendon, anatomy of, 142
Tibialis anterior tendonitis, 142
clinical signs, 142
nonoperative care, 142
operative treatment, 142
Tibiotalar spurs, 28-30
causes of, 28
clinical signs, 28-29
nonoperative treatment, 29-30
operative treatment, 30
radiography, 29
Tinea pedis. See Athlete’s foot
Toe crest, 179
Toe injuries and deformities. See Forefoot
injuries
Toenail, anatomy of, 166

Toenail disorders
chemical matrixectomy, 169
fungal infection, 167-168
Heifitz procedure, 169-170
ingrown toenails, 167
laceration of nail bed, 167
nail margin excision, 168-169
nail plate avulsion, 168
prevention of, 167-168
signs of, 166-167
subungual hematoma, 167, 168
thickening of toenails, 166
Trench foot, 174
Tumors, plantar fibromatosis, 68-70
Turf toe, 76-80
causes of, 76-64
clinical signs, 77
prevention of, 77
radiography, 77
treatment, 77-78

U
UCBL insert, 179
Unna boot, 180

\"/
Viscoelastic insoles, 178
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