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ABSTRACT

HOCKENBURY, R. T. Forefoot problems in athletes. Med Sci. Sports Exerc., Vol. 31, No. 7{Suppl.), pp. $448-5458, 1999, Athletes
who participate in high-impact sports invelving running, jumping, or contact are at risk for forefoot injury. These injuries oceur as a
result of acute trauma or chronic overuse. Some athletes may be predisposed to injury becaunse of preexisting foot deformity, such as
cavus, hallux vaigus, or Achilles contracture. This article reviews the common causes of forefoot pain in the athlete. The most common
causes of forefoot pain in the athlete are metatarsal stress fracture, interdigital neuroma, sesamoid pathology, metatarsalgia, haflux
rigidus, hallux valgus, and turf 10e. The pathophysiology, clinical presentation, and treatment of these conditions are discussed. Key
Words: STRESS FRACTURE, INTERDIGITAL NEUROMA, SESAMOID PATHOLOGY, METATARSALGIA, HALLUX RIGI-

DUS, HALLUX YALGUS, TURF TOE
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njuries to the foot can be divided into those that involve
Ithe hindfoot, midfoot, or forefoot. Forefoot injuries in-

clude any injury distal to the tarsomefatarsal joint, or
Lisfranc’s joint. The most common condigiops that produce
forefoot pain in the athlete are metatarsaf Stress fracture,
interdigital neuroma, sesamoid pathology, metatarsalgia,
haflux rigidus, hallux valgus, and turf toe. This article will
discuss the anatomy and biomechanics of the forefoot, as
well as the diagnosis and treatment of common causes of
forefoot pain in the athiete.

ANATOMY AND BIOMECHANICS

The forefoot consists of 5 metatarsals, 14 phalanges, and
2 sesamoids. Each toe has a metatarsophalangeal (MTP)
joint and a distal and proximal interphalangeal joint, except
for the great toe, which has only one interphalangeal joint.
The medial, or tibial, and lateral, or fibular, sesamoid each
articulate with the plantar aspect of the first metatarsal head.

During the normal gait cycle, the foot spends 62% in
stance phase and 38% in swing phase. Stance phase is
subdivided into heel strike, foot flat, heel rise, and toe off.
The foot is in its maximum position of flexibility at foot flat
and then becomes rigid at heel rise as the subtalar joint
inverts and the transverse tarsal joint becomes locked. It is
during this period of forefoot rigidity in late stance phase
that the forefoot experiences most of its stresses. During
heel rise and toe off, the hallux and lesser toes reach their
maximum dorsiflexion. Toe dorsiflexion places traction on
the plantar fascia and helps to elevate the medial longitu-
dinal arch through the windlass mechanism of the plantar
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fascia. Normal motion of the lesser metatarsophalangeal
joints is 90° extension to 50° flexion. Normal motion of the
first metatarsophalangeal joint is 90° dorsiflexion and 30°
plantarflexion (47).

The foot supports loads that are truly impressive. Peak
vertical forces reach 120% body weight during walking, and
they approach 275% during running. It is estimated that an
average 150-1b. man absorbs 63.5 tons on each foot while
walking ! mile and that the same man absorbs 110 tons per
foot while running 1 mile (29). During the normal gait cycle,
the center of pressure progresses along the plantar aspect of
the foot from the heel at heel strike to the toes at toe off. The
center of pressure is initially located in the central heel, then
accelerates rapidly across the midfoot to reach the forefoot,
where the center of pressure is located under the second
metatarsal head. At toe off, the center of pressure is located
under the hallux. Studies of plantar pressure distribution in
rurners has documented that most of the pressure is located
in the distal-most 20-40% of the shoe, indicating most time
is spent on the forefoot (8).

METATARSAL STRESS FRACTURE

In 1835, a Prussian Army doctor named Breithaupt re-
ported painful, swollen feet in soldiers after long marches
(6). These symptoms were due to metatarsal shaft stress
fractures and were commonly called “march fractures.”
Stress fractures have plagued military personnel throughout
history but have now become more commeon in the civilian
population with the increasing popularity of long-distance
running, acrobics, and jumping sports. In the foot, the two
most common locations for stress fractures are the metatar-
sal shaft and the calcaneus (35).

A stress or fatigue fracture is a break that develops in
bone after cyclical, submaximal loading. According to
Wolff's law, bone remodels along lines of stress (38). Bone
is constantly being resorbed and replaced as the resorption
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of circumferential lamellar bone is accomplished by oste-
oclasts and replaced with dense osteonal bone by osteo-
blasts. This process occurs in a histological structure known
as a “cutting cone.” In states of increased physical activity,
bone is Tesorbed faster than it is repiaced, which results in
physical weakening of the bone and the development of
microfractures. With continued physical stress these micro-
fractures coalesce to form a complete stress fracture. A
“stress reaction” occurs when the microfractures are at-
tempting to heal and a complete fracture has not yet devel-
oped (15). A recent cadaveric biomechanical study found
ihe simulation of fatigue of the toe plantar flexors resulted
in an increase in second metatarsal strain. Therefore, mus-
cular fatigue of the foot may play a role in the etiology of
metatarsal stress fractures {52).

Athletes who abruptly increase their training, whether it
be training mileage, time spent in high impact activities, or
training intensiry, are susceptible to siress fractures. A study
of 320 athletes with bone scan positive stress fractures found
the following distribution among sports: runners (6P%).
aerobics (8%), racket sports (5%), basketball (4%}, and the
remainder in football, hockey, gymnastics, and soccer {34).
Military studies have found stress fractures to be more
common in women, older aged individuals, and Caucasians
(7.,44). Although numerous studies have attenqm‘d to cor-
relate foot shape to the incidence of stress frac.):ures none
have conclusively shown a direct relationship between pes
planus or cavus and stress fracture incidence (43).

Amenorrhea is present in up to 20% of vigorously exer-
cising women and may be as high as 50% in elite runners
and dancers (33). Women long-distance runners, ballet
dancers, and gymnasts are notorious for dieting despite
rigorous training schedules to achieve low body fat. Athletes
with amenorrhea for greater than 6 months® experience the
same bone loss as after menopause (42). Whole body bone

wmineral density is significantly lower in amenorrheic ath-

letes, which predispeses them to stress fracture (42).

Do shoewear modifications or orthotics affect the inci-
dence of stress fractures? Three studies of military recruits
using shock-absorbing or semirigid orthotics failed to show
a decrease in the incidence of metatarsal stress fractures
(17,37,48). One study showed a decrease in the incidence of
metatarsal fractures in low-arched feet by using a semirigid
orthotic (33).

The athlete with a metatarsal stress fracture usually re-
ports mild forefoot discomfort for days to weeks. There is
often not a discrete injury, although an abrupt increase in
pain may occur after one episode of particularly vigorous
activity. The pain may not begin until a few minutes inio
activity. The athlete may be able to exercise through the
pain early in the course of the injury. The discomfort may be
relieved by rest, but as the stress fracture worsens, pain is
experienced while walking and even at rest. An abrupt
increase in activity level, whether in mileage or intensity, is
reported. Even a well-conditioned runner who abruptly in-
creases mileage or starts interval training or hill running is
a candidate for stress fracture. A change in equipment or
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Figore I-—A stress fracture of the second metatarsal neck. Note the
transverse sclerotic line, which correlated clinically with the site of the
patient’s maximumn tenderness.

running shoe may lead to injury. Symptoms usually present
4-5 wk after 5 change in training regimen (38).

Local point tenderness of the involved metatarsal is
present. Erythema of the dorsal foot may also be present.
Amnteroposterior, lateral and oblique radiographs of the foot
may not show a fracture for 3—6 wk. A thin sclerotic line
may be seen in a stress fracture of metaphyseal bone (Fig.
I). A break in the diaphyseal cortex may be very subtle and
seen only on one view. Later in the course of the injury
subperiosteal bone formation is seen. Although initial ra-
diographs may be negative, a technetium bone scan is pos-
itive as early as 48-72 h after onset of symptoms. A triple
phase bone scan (angiogram, blood pool, and delayed image
phases) may improve specificity by showing increased up-
take in all three phases. The bone scan initially shows
diffuse increased uptake, which becomes more sharply mar-
ginated and fusiform in more advanced stages of the fracture
(Fig. 2). In some studies, only 10-25% of bone scan posi-
tive fractures had radiographic evidence of fracture (38). In
up to 50% of athletes with positive bone scans, asymptom-
atic sites are visualized, which may represent subclinical
sites of bone remodeling known as stress reactions.

Metatarsal stress fractures should be treated with rest
from the offending activity and cross-training in a low-
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ing increased uptake in the second metatarsal neck. This is the bone
scan of the patient whose plain radiographs are seen in Figure 1.

impact sports. Weight bearing to tolerance may, be allowed
in comfortable shoes of choice or a wooden ghoe. If the
fracture is diagnosed late and is associated with marked
antalgia and pain, a short leg walking cast or functional
cast-brace should be prescribed for 5-6 wk until healing
callus is seen radiographically. After 6 wk, weight-bearing
exercise can nsually begin. ff\i-‘,

A stress fracture of the proximal diaphysis of the fifth
metatarsal should be differentiated from the acute fractures
of the metatarsal base. Fractures of the proximal fifth meta-
tarsal have afl beéen indiscriminately labeled a “Jones’ frac-
ture.” A true Jones’ fracture is an acute fracture of the
proximal fifth metatarsal at the diametaphyseal junction
invelving the fourth-fifth metatarsal articulation caused by
forefoot adduction. The most common fifth metatarsal base
fracture is an avulsion fracture of the tuberosity caused by
traction of the peroneus brevis and lateral band of the plantar
fascia during hindfoot inversion (26), A stress fracture of the
proximal fifth metatarsal base occurs distal to the fourth-
fifth metatarsal base articulation, usually 1.5 cm distal to the
tuberosity. The proximal fifth metatarsal has a poor blood
supply and is at significant risk for delayed union or non-
union. A jong history of prodromal symptoms, a widened
fracture line, intrarnedullary sclerosis, and periosteal reac-
tion are hallmarks of this stress fracture (12). These frac-
tures should be treated with nonweightbearing short leg cast
immobilization for 6—8 wk or until healing is seen radio-
graphically. If an established nopunion develops, screw
fixation and/or bone grafting may be required (57).

INTERDIGITAL NEUROMA

An interdigital neuroma, or Morton’s neuroma, is a me-
chanical entrapment neuropathy of the interdigital nerve.
The interdigital nerve courses under the transverse inter-
metatarsa] ligament and is vulnerable to traction injury and
compression by the distal edge of the ligament (Fig. 3). The
injury occurs during the toe off phase of running or during
repetitive positions of toe rise. The condition is a misnomer,
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as a true neuroma does not exist. Rather, the nerve under-
goes pathologic changes of perineural fibrosis, fibrinoid
degeneration, demyelination, and endoneural fibrosis {19).
The most commonly involved nerve is the third interdigital
nerve, between the third and fourth metatarsal heads, fol-
lowed in incidence by the second interdigital nerve and,
rarely, the first and fourth interdigital nerves (62). Although
commonly a result of chronic compressien of the interdigital
nerve, this condition may also arise as a result of an acute
dorsiflexion injury to the toes with injury to the collateral
ligaments of the metatarsophalangeal joint (49}. In a study
of 91 patients with interdigital neuromas, the male:female
ratio was 1:9 (62). Symptoms are exacerbated by poorly
fitting narow shoes, which compress the forefoot. Poor
shoe selection, such as a firm cross-training or racket shoe
for long-distance running may increase the impact forces on
the forefoot and contribute to neuroma symptoms. High-
heeled shoes increase forefoot pressure and will also exac-
erbate symptoms of interdigital neuroma.

The athlete with an interdigital neuroma will complain of
symptoms of forefoot buming, cramping, tingling, and
numbness in the toes of the involved interspace. Occasion-
ally the pain radiates proximally in the foot and may be
somewhat relieved by removing the shoe and massaging the

Figure 3—The most common site of an interdigital neuroma is be-
tween the third and fourth metatarsal heads, The neuroma suns plan-
tar to the transverse intermetatarsal Lgament.
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forefoot (49). Physical examination reveals tenderness in the
web space plantarly between the metatarsal heads. Squeez-
ing the forefoot with one hand while carefully palpating the
:nvolved interspace with the thumb and index fingers of the
other hand is usually successful in eliciting marked discom-
fort (Fig. 4). This compression may produce 2 painful au-
dibie click, known as 2 Mulder's sign (41). Careful palpa-
tion of the metatarsophaiangeal joint, metatarsal head, and
proximal phalanx should be performed to rule out localized
joint or bone pathology such as MTP joint synovitis, stress
fracture, or Freiberg’s infraction, which can also cause
symptoms of forefoot pain. A positive Tinel’s sign over the
tarsal tunne} or muitiple symptomatc web spaces should
alert the examiner as to the possibility of a more proximal
perve compression or underlying peripberal neuropathy.
Electromyographic studies and nerve conduction velocity
testing should be performed in these cases (49).

Treatment initiajly entails avoiding the offending activity,
cross-training in lower impact Sports and modification of
shoewear. A switch to wider, more accommodating shoes
with better shock absorption will often improve syrl%:»loms.
A metatarsal pad, such as an adhesive backed felt pad,
placed proximal to the symptomatic interspace is helpful
(Fig. 5). The metatarsal pad can also be incorgprated into a
custom made full length semirigid orthotic. A trial of non-
steroidal antiinflammatory drugs (NSAIDS jndicated in
an attempt to decrease inflammation around the interdigital
nerve. A trial of vitamin B6 50 mg. p.o. BID fias been used
successfully in the treatment of carpal tunnel syndrome and
may also be useful in the treatment of interdigital neuritis
(53). ‘

Recalcitrant cases that fail to respond to 2-3 months of
the above conservative measures may benefit from an in-
jection of corticosteroids into the involved interspace. A
mixture of 0.5 cc. corticosteroid, 1 cc 1% Xylocaine, and 1
¢¢ 0.5% bupivacaine is injected into the interspace through
a dorsal approach utilizing a 25-gauge needle. The needle is
introduced in a dorsal to plantar direction as the examiner’s
hand palpates the plantar skin of the interspace. The mixmure
is injected when the needle is palpated under the plantar skin

Figure 4—Method of palpating the foot for an interdigital neuroma,
The interspace is palpated both plantarly and dorsaily, Symptoms miy
be exacerbated by simultaneousty squeezing the forefoot.
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Figure 5—Commercialty available wool felt pads utilized for relieving
forefoot symptoms. Each pad is backed with adhesive so it can be
positioned in the insole of the shoe. Left, a “C?* or "J* pad is place just
proximal to the lesser metatarsal heads with the cut out »{* portion
under the symptomatic sesamoids to relieve pressure on the sesamoids.
Middle, 2 metatarsal pad is placed just proximal to the symptomatic
metatarsal head or interspace. Right, a larger metatarsal bar is used in
cases of generalized pain in all metatarsal heads.

(49). One 1o two injections can be tried, but multiple injec-
tions should bg avoided as corticosteroids may cause atro-
phy of the plantar fat pad. A retrospective study of 65
patients who underwent interdigital corticosteroid-Xylo-
caine injections found that 30% of patients had complete
relief or significant relief of pain at 2-yr follow-up. Only 11
of 65 patients required eventual surgery in this study (20).
Another study showed less successful long-lasting results
with conservative measures, with 70% of patients electing to
have the surgery (32).

Surgery in the athlete is the treatment of last resort. The
surgical procedure is performed through a dorsal lengitudi-
nal incision over the distal aspect of the interspace. The
intermetatarsal ligament is sectioped and the interdigital
nerve is excised. Some surgeons feel that the intermetatarsal
ligament should be left intact if possible. Another method of
surgical treatment is release of the intermetatarsal ligament
while leaving the interdigital nerve intact in order to remove
the offending compressing structure on the nerve (60).

SESAMOID PATHOLOGY

The tibial {(medial) and fibular (lateral) sesamoids are
important components of the first metatarsophalangeal joint
complex. Situated under the first metatarsal head, they are
prone to injury in repetitive high impact and contact Sports.
The sesamoids are contained within the tendon of the flexor
hallucis brevis and serve to Increase the lever arm for
flexion of the MTP joint, analogous to the function of the
patella in knee extension. The sesamoids are connected
distaily to the base of the proximal phalanx by extensions of
the flexor hallucis brevis called the plantar plate. The ab-
ductor hallucis inserts into the medial sesamoid and the
adductor hallucis insests into the lateral sesamoid. The sesa-
moids are separated on the plantar aspect of the first meta-
tarsat head by a crista, or ridge. They are connected to one
another by the intersesamoidal ligament. The flexor hallucis
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TABLE 1. Causes of sesamoid pain.

Acute sesamaid fracture

Sesamoid stress fracture

Ostecchondritis of sesamoid

Sesamaiditis (chondromalacia)

Arthritis of sesamoid-mtatarsal articutation
Seasamoid bursitis

longus pierces the two heads of the flexor hallucis brevis
muscle to run just plantar to the intersesamnoidal ligament.
The sesamoids bear up to three times body weight during a
normal gait cycle and the tibial sesamoid bears the majority
of the force (23,36,43,46,51,59,61).

Although direct trauma or forced dorsiflexion of the great
ioe can acutely fracture the sesamoids, most sesamoid in-
juries are overuse injuries. Table 1 lists the various etiolo-
gies of sesameid pain. Twelve percent of injuries to the
great toe complex are sesamotd injuries (36). According to
McBryde and Anderson (36), the etiologies of sesamoid
injuries are stress fracture (40%), acute fractures (10%),
chondromalacia, synovitis, sesamoiditis (30%),. osteochon-
dritis {10%}), arthritis (5%), and bursitis (5%)._{3ipartite or
multipartite sesamoids occur in 5-33% of the population
and are bilateral in 25% (50,51). The smooth contour of the
partite sesamoid differs from the usually indistinct jagged
fracture surface of the fractured sesamoid; Because the tibial
sesamoid bears most of the force under thet first metatarsal
head, it is most commonly injured, " ‘e~

Athietes with sesamoid injuries complain of acute or
chronic pain and swelling under the involved sesamoid.
Passive dorsiflexion of the MTP joint exacerbates the pain.
Sesamoidal bursitis presents with swelling, erythema, and
tenderness with side-to-side pinch. A plantar fuliness or
fluid-fifled bursal cyst may be palpated under the sesamoids.
Plain radiographs in anteroposterior, lateral, and standard
lateral oblique views are helpful. The axial sesamoid view is
taken with the beam angled from the heel to the toes down
the long axis of the foot paraliel to the plantar surface of the
foot. The axial sesamoid view is excellent in diagnosing
arthritis of the metatarsosesamoidal articulation. The tibial
sesamoid view is taken with the foot in a lateral position
with the x-ray beam angled 15° cephalad, and the MTP joint
extended 50°. This view profiles the tibial sesamoid nicely
(Fig. 6).

Technetium bone scans are helpful in diagnosing occult
stress fractures of the sesamoids because plain films may be
negative for the initial 3 wk after injury. The bone scan is
positive within 48-72 h after onset of symptoms. Bone
scans are sensitive but nonspecific, as increased uptake is
seen in acute fractures, siress fractures, osteochondritis, or
sesamoiditis. CT scans or magnetic resonance imaging

(MRI) may also be helpful, although these tests are expen-

sive and usually not required to make a diagnosis.

Acute fractures of the sesamoids are rare but can occur
with hyperdorsiflexion injuries or dislocations. An acute
fracture appears as a sharp radiolucent line with occasional
wide separation of fragments (Fig. 6), Stress fractures are
the most common cause of sesamoid pain. The differentia-
tion between a sesamoid stress fracture and a fractured
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bipartite sesamoid is sometimes difficult to make. An es-
tablished nonunion of a sesamoid and a fractured bipartite
sesamoid have essentially the same radiographic appear-
ance, as in both cases the separated surfaces of the sesamoid
have a rounded appearance. Some authors feel that some

* bipartite sesamoids may actually be fracture nonunions (10).

The treatment of a sesamoid fracture is initially rest from the
offending high impact activity and a2 wooden-soled shoe or
short leg cast for 6—8 wk. An alternative treatment is the use
of 2 “C” or “J” pad, which unloads the injured sesamoid.
Pads with adhesive backing may be fixed to the insole of the
shoe or may be incorporated into a custom molded orthotic
to unload the sesamoid (Fig- 5). A failure of several months
of conservative management of a sesamoid stress fracture or
nonunion may leave no alternative but surgery. Surgical
choices include excision of the involved sesamoid or bone
grafting in an attempt to achieve union and preserve the
sesamoid.

Sesamoid osteochondritis is characterized by pain, ten-
derness to palpation, and radiographic osseous mottling or
fragmentation (10}. The eticlogy is unclear, although it is
thought to be due to an acute or chronic traumatic injury,
which mdy result in aseptic necrosis of the sesamoid (23). A
bone scan will document increased uptake in the involved
sesamoid early in the course of the disease. An axial sesa-
moid view will eventually show mottling and fragmentation
later in the course of the disease. Conservative treatment
iavolves rest from impact sports and nonsteroidal antiin-
flammatory medication. The appearance of fragmentation
usually mdicates that surgical excision will be necessary to
relieve symptoms.

The diagnosis of sesamoiditis is one of exclusion. This
condition has been defined as inflammation and swelling of
the peritendinous structures of the sesamoids (13). Sesam-
oiditis is associated with local trauma, pain on weight bear-
ing, and plantar soft tissue swelling (10). This condition may
be associated with degeneration, or chondromalacia, of the
sesamoidal articular cartilage (1). Plain radiographs are nor-
mal, but bone scan may show increased diffuse uptake of the
plantar region of the first metatarsophalangeal joint. Again

Figore 6—A tibial sesamoid view demonstrating 2 fracture of the
tibial sesamoid. Note the wide separation between fragments and lack
of sclerosis at the edges of the fracture.
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conservative treatment involves rest from the offending
activity, nonsteroidal antiinflammatory medication, and
pads or orthotics to decrease the load on the involved
sesamoid. One or two injections of corticosteroids into the
region of the sesamoids may be helpful. Failure of several
months of conservative care may result in the need for
surgical excision of the offending sesamoid to alleviate
symptoms.

METATARSALAGIA

Metatarsalgia refers to pain in the plantar aspects of the
metatarsal heads. A common cause of metatarsalgia has
already been discussed, interdigital neuroma. Table 2 lists
the comsnon causes of metatarsalgia. Any biomechanical
intrinsic or extrinsic condition that increases stress on the
metatarsal heads may result in metatarsal head pain and the
development of painful plantar keratoses (4). Calluses under
the metatarsal heads are known as plantar keratoses. Plantar
keratoses may be diffuse and large, or small and discrete. A
rigid cavus foot with plantar fiexed first and second fays is
prone to diffuse painful calluses under the first and second
metatarsal heads. A Morton’s foot with a short first meta-
tarsal and a relatively long second metatarsal ffay result in
increased loading of the second metatarsal r_'qad angd the
development of a painful callus (40). Patient (ith abnor-
mally lax first metatarsal-cuneiform joints 'réSHlting. ina
hypermobile first ray will experience increased weight bear-
ing under the second and third metatarsals, which often
results in painful diffuse calluses. A prominent lateral con-
dyle of a lesser metatarsal will resuit in a smaller discrete
plantar keratosis, which can be exquisitely tender to palpa-
tion. A tight Achilles tendon will increase forefoot load in
late stance phase and may result in metatarsalgia. The use of
high-heeled shoes extrinsically increases forefoot load and
may lead to diffuse metatersalgia. Patients with diffnse
swelling, pain, and stiffness of multiple MTP joints shounid
be evaluated for inflammatory arthropathy, such as rheuma-
toid arthritis, seronegative spondyloarthropathy, or crystal-
line-induced arthritis.

The treatment of all these above conditions initially is an
orthotic device, such as a metatarsal pad placed proximai to
the painful metatarsal heads. Adhesive-backed metatarsal
pads of different shapes and sizes are available to unload
one or several metatarsal heads (Fig. 5). Custom orthotics
may also be molded specifically for the cavus foot to de-
crease Joad on the plantarflexed first and second rays in
order to distribute weight evenly across the forefoot. A
patient with a hypermobile first ray will benefit from a
custom longirudinal arch support with medial forefoot post
in an atternpt to increase load on the first metatarsal head. A
trial of Achilles stretching is helpful in the initial treatment
of metatarsalgia. Of course, the wearing of high heels should
be discouraged in patients with metatarsalgia. A discrete
plantar callus under the lateral plantar condyle of a promi-
nent metatarsal head may respond to periodic shaving and a
metatarsal pad. If unresponsive to conservative treatment,
surgical plantar condylectomy may be required for resolu-
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tion of a discrete plantar keratosis. More generalized diffuse
painful calluses such as those seen under the first and second
metatarsal heads in the cavus foot may require dorsal clos-
ing wedge osteotomies of the metatarsal bases o achieve
pain relief (4).

Idiopathic synovitis of the second or third MTP joint
(MTPI) is another cause of metatarsalgia. This condition
resulis in painful distension of the joint, swelling of the
second toe, warmth, and limited MTP] motion (31}. Second
MTPI synovitis probably occurss as a result of attrition of the
plantar plate due to a long second metatarsal (16). Dorsal
instabitity of the MTPJ may develop with joint subluxation
or dislocation. A hammertoe or clawtoe deformity is comn-
meon. Aftrition of the lateral collateral ligament of the MTPJ
may occur with resultant cross-over deformity as the second
toe crosses over the great toe (11). Initially the patient
develops pain on palpation in the plantar and dorsal aspects
of the MTPJ. Joint instability can be diagnosed by grasping
the proximal phalanx and attempting to translate it dorsaily.
This digital Lachman’s test, or drawer test, will produce
pain and palpable dorsal translation of the phalangeal base
{56). Conservative treatment of second MTPJ synovitis is
nonstereidal antfinflammatory medication, a metatarsal pad,
taping the toe in a plantar flexed position, and an accomo-
dative shoe. An intraarticular corticosteroid imjection in
combination with a rocker-sole modification has been
shown to result in improvement in 93% of 15 cases {58).
Persistent pain in the second MTPJ despite conservative
messures may necessitate operative synovectomy to avert
toe dislocation or deformity. In the case of symptomatic toe
instability or cross-over deformity, MTP} arthroplasty, lig-
amentous release, and tendon transfer have been recom-
mended (16).

Freiberg's disease is an osteochondrosis of congenital,
traumatic, or vascular etiology leading to eventual collapse
and deformity of a lesser metatarsal head. An osteochon-
drosis is a disease of the epiphysis, which predisposes it to
traumatic injury (14). It is unlikely that an athletic injury is
the sele cause of Freiburg’s disease, although a mechanical
stress to the forefoot may exacerbate a previously subclin-
ical condition. This condition is most common in the second
metatarsal head with a predilection of 68 -82% (18,22). The
typical patient with Freiburg’s disease is a female adoles-
cent aged 11-17 yr (25) The female to male ratio for this
condition is 5:1. The condition may be asymptomatic early
on and present in young adulthood to middle age. The
patient presents with second MTPJ pain, which is worse
with activity. Exam shows pain on palpation of the second

TABLE 2. Gauses of metatarsalgia.

Interdigital neuroma

Idiopathic MTPJ synovitis

Freiburg's disease

{nflammatory arthritis of MTPJs

Gavus fool with plantar flexed 1st and 2nd rays
Moarton's foct (long 2nd ray)

Hypermobile st ray

Prominent lateral plantar condyle of metatarsal head
Tight Achiiles tendon

High healed shoss
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MTP], limited range of motion, periarticular swelling, and
occasionally a plantar callosity under the second metatarsal
head (54). Radiographs inmitially show rarefaction of the
metatarsal subchondral bone at the site of the subchondral
fracture. Over tirfie, flattening and collapse of the dorsal
aspect of the metatarsal head is seen (Fig. 7). Later radio-
graphic stages demonstrate the formation of loose bodies
and, finally, marked flattening of the metatarsal head and
joint space narrowing. Initial treatment of Freiburg’s disease
is rest from high-impact activities and possible use of a short
leg walking cast or range of motion walking boot. Patients
with severe antalgia should use crutches. As symptoms
decrease, a phased return to activity is indicated with a
metatarsal pad placed proximal to the involved MTP joint.
Hoskinson (22) reported success with conservative treat-
ment in 11 of 28 patients, although all had restriction of joint
motion. The surgical treatment of Freiburg’s disease involves
debridement of the joint, rernoval of loose bodies, and removal
of metatarsal head osteophytes with reshaping of the head (30).
A dorsiflexion osteotomy of the metatarsal head has also been
advocated in order to rotate the healthy plantar cartildge up into
the articulation with the proximal phalanx. This treatment
shortens and elevates the metatarsal head slightly, unloads it,
reduces stress, and allows healing (18), '

HALLUX RIGIDUS

Hallux rigidus is characterized by decreased dorsiflexion
of the first metatarsophalangeal joint, pain, and swelling in
the dorsal aspect of the joint. Attempted hallux dorsiflexion
results in pain due to the impingement of dorsal osteophytes
of the first metatarsal head and dorsal base of the proximal
phalanx. Hallux rigidus results from degenerative arthritis of
the first MTP joint. The cause of this degenerative process
is unknown, but it may occur as a resalt of an intraarticular
fracture, compression of the articular surfaces (turf toe), or
an osteochondrotic lesion of the first metatarsal head (27).
Repetitive dorsiflexion injuries to the first MTP joint could

potentially lead to the development of hallux rigidus, al- .

though no studies have linked levels of physical activity to
the development of hallux rigidus (27).

The athlete may experience difficulty walking or mnaing
up hills, climbing stairs, or during the toe-off phase of gait.
Because 15° of hallux dorsiflexion is needed for normal
gait, limited extension of the great toe will give the feeling
of vaulting over the toe and may necessitate external rota-
tion of the foot to allow for toe clearance. The dorsal
metatarsal head osteophyte, or dorsal bumion, may rub
against shoewear, causing an abrasion or ulceration (Fig. 8).
The patient may experience tingling and numbness on the
dorsum of the toe as a result of compression of the dorso-
medial or dorsolateral cutancous nerve. The dorsal metatar-
sal head osteophyte is palpable and is associated with peri-
articular soft tissue swelling. Tenderness is present on
palpation of the dorsal, and especially lateral aspects of the
joint. Radiographs demonstrate loss of first MTP joint
space, the formation of dorsal and lateral osteophytes on the
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metatarsal head, and occasionally loose fragments about the
joint. (24) (Fig. 9).

Initial treatment entails the use of shoe modifications,
rest, and nonstercidal antiinflammatories. A shoe with an
extra-depth toe box is helpful to decrease dorsal pressure on
the first MTP joint. A stiff-soled shoe or a rigid custom
orthotic with a Morton’s extension can be helpful in limiting
toe dorsiflexion. A rocker bottom sole can also help to
decrease the extension of the haflux during normal gait. An
intra-articular corticosteroid injection may be considered as
a temporizing measure. As symptoms increase, surgical
intervention may provide the solution.

Surgical intervention is indicated when conservative mea-
sures fail. The most common procedure recommended is the
cheilectomny, which is an excision of the dorsal 25-33% of
the metatarsal head. This removes the offending osteo-
phytes, improves toe dorsiflexion, and preserves the good
articular cartilage on the middle and plantar aspects of the
metatarsal head (28). A dorsiflexion osteotomy of the prox-
imal phalanx (Moberg procedure) may be used concurrently
with a cheilectomy in selected patients to increase func-
tional toe dorsiflexion (39). The Keller arthroplasty, or
resection of the base of the proximal phalanx, should not be
used in athletes, because it disrupts the plantar plate and
fiexor hallucis brevis attachments to the proximal phalanx

Figure 7-—Freiburg’s disease of the third metatarsal head. The head is
flattened and sclerotic,
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Figure §——A clinical photo of a patient with hallux rigidus. Large
dorsal osteophytes of the metatarsal head are visible. These osteo-
phytes limit toe extensien and rub on the top of the shoe, causing local
irritation and occasional neuritic symptoms.

and will result in decreased push-off strength. Anhrodesis of
the first MTP joint usuaily results in satisfactory péin relief,
but the stiffened joint may be poorly tolerated by athletes.
Other recently recommended surgical procedures involve
resection of a small portion of the proximat phalanx with
interposition of capsule or tendon into the joint to act as an
arthreplasty (2,21). Prosthetic replacemant"bf“{he first MTP
joint is not recommended, especially in the ‘gthletic popuia-
tion, because of concerns with Implant faiture, loosening,
and silicone synovitis.

HALLUX VALGUS

Hallux valgus, commonly known as a bunion deformity,
is lateral deviation of the hallux with respect to the first
metatarsal. Hallux vaigus is often associated with medial
deviation of the first metatarsal, known as metatarsus pri-
mus varus, The cause of hallux valgus is probably a com-
bination of familial predisposition and improper shoewear.
With increasing lateral deviation of the hallux, the MTP

ally, the hallux pronates, the medial aspect of the first
metatarsal head becomes more prominent, and weight bear-
ing shifts from the first metatarsal head to the second meta-
tarsal. Weight transfer to the lesser metatarsals may result in
the formation of a painful plantar keratosis under the second
metatarsal head. As the great toe moves laterally, it may
crowd the second toe leading to a hammertoe or cross-over
toe deformity of the second toe. A bunion deformity can be
quantitated by measurements of the hallux valgus angle and
first-second intermetatarsal angle (Fig. 10, A and B).

The presence of an asymptomatic hatlux valgus deformity
in the athlete does not warrant treatment. However, some
athletes may suffer debilitating pain from even a minor
hallux valgus deformity. The athlete will usually present
with a red, enlarged, painful area on the medial aspect of the
first metatarsal head. Compression may occur between the
first and second toes. In severe cases a second toe deformity
may occur and a painful keratosis may form under the
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. joint becomes incongruent, the sesamoids subluxate later-

second metatarsal head. Baxter (3) has coined the terms
compensated bunion and decompensated bunion to help direct
treatment of the athletic bunion. A compensated bunion is a
mild deformity without MTP joint subluxation and without
marked lateral sesamoid subluxation. A decompensated bunion
is a moderate to severe deformity characterized by hallux
valgus angle greater the 25°, intermetatarsal angle greater than
15°, lateral sesamoid subluxation, and great toe pronation.

The treatment of hallux valgus in the athlete should be
conservative if possible. A wider athletic shoe should be
used to decrease pressure on the imitated medial bunion.
Achilles stretching should be used in cases of Achiiles
contracture. A simple toe spacer between the first and sec-
ond toes is often helpful. A silicone bunion pad placed over
the bunion may be helpful in alleviating direct pressure on
the prominence. In cases of pes planus associated with
hallux valgus, a medial longitudinal arch support with Mor-
ton's extension under the first MTP] may also alleviate
symptoms. Most compensated bunions can be treated suc-
cessfully with nonoperative treatment.

As the bunion deformity becomes more severe and de-
compensated, conservative measures usually fail to provide
relief. Baxier feels that a simple distal chevron osteotomy (a
distal osteotomy of the first metatarsal head with tightening
of the medial capsule) is sufficient to relieve symptoms. (3}
(Fig. 11, A and B.} He feels that although complete correc-
tion of the deformity is not always achieved, the conversion
of a decompensated bunion to a compensated bunion is all
that is required. More extensive surgical procedures, such as
proximal osteotomies, joint fusions, or joint replacements
should be avoided, because of the extensive nature of these
procedures and because of their prolonged recovery times.

TURF TOE

Turf toe is a dorsifiexion injury to the first metatarsopha-
langeal joint resulting in pain, swelling, and disability. This
injury became more common in football players with the
advent of artificial turf. The tendency of artificial wurf to
become hard and stiff over time may be a factor in the

Figure 9—A lateral radiograph of the first MTP joint of a patient with
ballux rigidus. Dorsal psteophytes of the metatarsal head and proximal
phalanx are seen.
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Figure 10—A, The hallux valgus angle is
formed by lines drawn down the longitudinal
axes of the proximal phalanx and first meta-
tarsal. The normal hallux valgus angle is fess
than or equad to 15°. B, The intermetatarsal
angle is formed by lines drawn down the lon-
gitudinal axes of the first and second meta-
tarsals. The normal intermetatarsal angle is
less than or egual to 9°.

4

HALLUX VALGUS ANGLE INTERMETATARSAL ANGLE

Figure 11—A, A patient with a symptomatic
decompensated bunjon. The hallux valgus an-
gle is 28°, the first MTP joint is incongruent
and the sesamoids are subluxated laterally. B,
The same patient after distal chevren bun-
ionectomy. The pin is lelt in place for 4 wk.

increasing incidence of this injury (5). Perhaps more impor-
tant is the increasing flexibility of athletic shoe soles, which
allows increased toe dorsiflexion during play. Football play-
ers are at greatest risk for this injury as they are tackled
while landing from a jump or if another player lands on the
back of their heel forcing the first MTP joint into hyper-
dorsiflexion (46).

The mechanism of injury is most commeonly dorsiflexion,
although hyperplantarflexion injudes have also been re-
ported. The plantar plate is the ligamentous attachment of
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the sesamoids and flexor haltucis brevis to the base of the
proximal phalanx. With forced dorsiflexion of the hallux
beyond its normal soft tissue restraints, tearing of the plantar
plate and collaterat Higaments can occur. With severe inju-
fes, fracture of the sesamoids can occur and dorsal dislocation
of the first MTP joint is possible. The dorsal articular surface
of the first metatarsal head is compressed by the base of the
proximal phalanx, which may result in articular injury.
Clinically, athletes with turf toe presents with a red,
swollen, stiff first MTP joint. They may have a history of a
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single dorsiflexion injury or multiple injuries to the great
toe. The joint may be tender both plantarly and dorsally.
Players may have a limp and be unable to run or jump
because of pain.

Clanton and Ford (9) have classified the severity of turf
toe injuries from grades 1 to 3. A grade 1 sprain is a minor
stretch injury to the soft tissue restraints with little pain,
swelling, or disability. A grade 2 sprain is a partial tear of
the capsuloligamentous stnictures with moderate pain,
swelling, ecchymosis, and disability. A grade 3 sprain is a
complete tear of the plantar plate with severe swelling, pain,
ecchymosis, and inability to bear weight normally. Radio-
graphs of the foot should be abtained to rule out fracture of
the sesamoids or metatarsal head articular surface and 1o
check joint congruity.

Initial treatment of turf toe is rest, ice, a compressive
dressing, and elevation (RICE). A nonstercidal antiinflam-
matory medication is recommended. A compressive dress-
ing and cryotherapy is recommended the first 48 h after
injury. The toe should be taped to limit dorsiflexjon with

A
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