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The sesamoids of the feet were named by Galen circa 180 ce because of their resem-
blance to sesame seeds. These tiny bones were believed by the ancient Hebrews to
be indestructible and therefore the housing for the soul after death, which would
ultimately be resurrected on the Day of Judgment.! However, the sesamoid complex,
which transmits 50% of body weight and more than 300% during push-off, is not
invincible and is susceptible to numerous pathologies.?® These pathologies include
sesamoiditis, stress fracture, avascular necrosis, osteochondral fractures, and
chondromalacia, and are secondary to these large weight-bearing loads. This article
discusses sesamoid conditions and their relationship with hallux limitus, and reviews
the conditions that predispose the first metatarsophalangeal joint (MPJ) to osteoar-
thritic changes.

There is much debate regarding the causes of hallux limitus and rigidus and the role
of the sesamoids in precipitating the decreased range of motion of the first MPJ has
been considered in some detail. Typically, little is done to the sesamoids at the time of
surgical treatment of the hallux limitus deformity. This article reviews the recent
literature of sesamoid disorders and, more specifically, their role in hallux limitus.
Potential treatment options are also discussed.

ANATOMY

The sesamoids are located centrally and plantar to the first metatarsal head where
they are imbedded within the plantar plate. There are 3 sesamoids associated with
the great toe joint; 2 are considered constant and lie beneath the first metatarsal
head, and the third, referred to as inconstant, when present develops inferior to the
hallux interphalangeal joint (HIPJ). These bones may be semiovoid, bean shaped, or
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circular and so are considered variable in morphology. The 2 sesamoids of the first
MPJ are not typically equal in size. The tibial sesamoid is larger, ovoid, and elongated,
and is encased within the medial head of the flexor hallucis brevis (FHB) tendon. The
smaller fibular sesamoid is smaller and more circular and is surrounded by the lateral
head of the FHB tendon. The larger size of the tibial sesamoid bears more weight than
the fibular sesamoid and is believed to predispose the medial sesamoid to more disor-
ders. Portions of the adductor and abductor hallucis tendons also insert on the sesa-
moids. The sesamoids are suspended by a medial and lateral sesamoidal ligament
that extends from the metatarsal head and inserts on the medial portion of the tibial
sesamoid and lateral portion of the fibular sesamoid. This ligamentous stirrup-type
arrangement about the sesamoid apparatus contributes to the plantar plate of the first
MPJ; a structure understood to be vital to the gliding function of the joint. Further
ligamentous attachments include the deep transverse intermetatarsal ligament
extending from the fibular sesamoid to the neck of the second metatarsal as well as
an intersesamoidal ligament that serves as an attachment between the 2 sesamoids
and again forms part of the plantar plate.’245

The function of the sesamoids is to absorb and disperse weight bearing from the
metatarsal head. This function in turn provides protection to the flexor hallucis longus
(FHL) tendon.*® The sesamoids serve to increase the moment arm of the flexors,
increasing their power and supplementing the mechanical advantage of first MPJ
motion. The sesamoids are invested within the FHB tendons and function to absorb
shock and enhance the gliding function of the joint.#

The arterial supply to the sesamoids is important for sesamoid injury, healing, and
potential surgical outcomes. Each sesamoid has been shown to receive its own indi-
vidual artery for nutrition, but may have 2 or 3. Blood supply stems from the medial
plantar artery (25%), the plantar arch (25%), or from both sources (50%).2* Both sesa-
moids receive blood supply from proximal and plantar sources, but are less vascular-
ized distally. The proximal supply enters through the FHB insertion, and plantarly via
midline capsular attachments. The more sparse distal supply comes from the capsule
and may help explain some disorders such as osteonecrosis or nonunion of fractures
(Fig. 1)."2 Because of the predominately plantar vascular supply, incisional
approaches are safer from the dorsum or medial approach.*

Ossification of the sesamoids occurs between the ages of 7 and 10 years, beginning
usually with the fibular sesamoid followed by the tibial sesamoid.® Agenesis or
congenital absence of the sesamoids is rare. There are typically multiple ossification
centers, which may result in bipartite sesamoids caused by incomplete fusion of these
2 centers. The tibial sesamoid is bipartite in approximately 10% of the population
(Fig. 2), whereas the fibular sesamoid is rarely bipartite. In patients who have a bipartite
tibial sesamoid, 25% have the bilateral condition.?* Weil and Hill” reported a statisti-
cally significant correlation between the incidence of a bipartite tibial sesamoid and
hallux valgus deformity, hypothesizing that the bipartite tibial sesamoid causes an
imbalance in the intrinsic musculature.

CLINICAL FINDINGS

Sesamoid disorders account for 9% of foot and ankle injuries and 1.2% of running
injuries.? Although any patient can suffer from various forms of sesamoid disorder,
chronic sesamoid afflictions may occur more frequently in active patient populations.
The pain associated with sesamoid disorders is variable and can range from joint
pain or capsulitis of the first MPJ to pain localized to the affected sesamoid or the
sesamoid apparatus plantarly. The pain may be constant or simply aggravated by
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i :
Fig. 1. Avascular necrosis of the tibial sesamoid as a result of an aggressive debridement of
the medial eminence to reduce a bunion deformity. Note the sclerotic appearance of the
sesamoid bone and the irregular residual medial border of the metatarsal head and neck
as evidence of an aggressive eminence resection. The vascular supply to the sesamoids is
at risk whenever surgical intervention for reduction of the bunion deformity is pursued.

weight-bearing activity. A chief complaint of pain around the big toe or the sensation
of a snapping about the joint after running can be the harbinger of sesamoid disor-
ders. Generally, pain is expressed during the final stage of stance phase when the
hallux is extended. Trauma or an increase in activity may precede an acute fracture
or stress fracture. Burning, radiating, or pins-and-needles pain may indicate neuritis
incited by edema, inflammation, or by a displaced fracture.® The differential diag-
nosis associated with sesamoid disorders includes, but is not limited to, acute frac-
ture, osteochondritis, repetitive stress injury, osteoarthritis (also called sesamoiditis
[Fig. 3]), infection, nerve impingement, and intractable plantar keratoses."

The physical examination often reveals pain with end range of motion of the first
MPJ with dorsiflexion. Evidence of edema, loss of active and passive dorsiflexion,
and weakness with plantar flexion may be associated with sesamoid disorders. Direct
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Fig. 2. (A) Bipartite tibial sesamoid on plain film dorsal plantar projection. Associated here
with a short first ray segment and functional hallux limitus, it is easy to appreciate that the
tibial sesamoid is in 2 pieces with a well-circumscribed erosion within its most proximal
lateral pole. The distal pole appears almost crescent in shape. (B) The bifid appearance
can be elucidated from this view; however, given the overlap with the fibular sesamoid,
the dorsal plantar view remains the optimal projection to assess this morphology.

palpation plantarly and translocating the sesamoids distally usually elicits pain as well.
A reactive synovitis or capsulitis can be identified with pain around the periphery of the
joint. The patient should also be evaluated for a pes cavus deformity, which presents
with a plantar flexed first metatarsal. This structural imbalance increases stress and
load on the sesamoid apparatus and can elicit symptoms such as stress reactions,
intractable plantar keratosis, or even sesamoid fracture. The medial eminence of the

Fig. 3. The forefoot axial view is the preferred projection to evaluate the sesamoid appa-
ratus and the condition of the sesamoid articulations. Here there are numerous cysts within
both sesamoids, whereas the morphology of the cristae and the integrity of the sesamoid
joint spaces remains intact. It is the entire metatarsal head that is shifted into valgus, main-
taining a congruous relationship between the sesamoids and the crista. This condition is
a common finding in association with hallux abducto valgus, as opposed to that seen
with hallux limitus, in which the sesamoid degeneration is best appreciated in this view.
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metatarsal head can be percussed to determine whether there is reproducible burning
pain or numbness indicating an inflamed plantar digital nerve.*® Given the myriad of
disorders that may affect the first MPJ, sesamoid disorders are often a diagnosis of
exclusion and so it is important to follow this condition closely. Although the pain
of sesamoiditis (see Fig. 3) and avascular necrosis (AVN) of the sesamoid (see
Fig. 1) may be similar, the prognosis for these 2 conditions is very different.

IMAGING

Generally, weight-bearing radiographs are obtained. The lateral radiograph provides
little insight into the condition. An anteroposterior view can sometimes illustrate
a bipartite sesamoid or fractures. A medial oblique view is obtained to stress the tibial
sesamoid, whereas a lateral oblique view stresses the fibular sesamoid. The clinician
should also obtain a sesamoid axial view to further visualize the condition of the sesa-
moids, cristae, and the position of the sesamoid apparatus (see Fig. 3).5°

A bone scan can be considered because it is capable of showing disorders earlier
than radiographs. Bone scans have a high sensitivity for disorders, but low speci-
ficity. A posteroanterior bone scan is recommended to distinguish sesamoid
disorders from first MPJ disorders, which can be obstructed in an anteroposterior
scan.® Oblique views of the forefoot best separate the sesamoid from the metatarsal
bone and reveal isolated conditions of sesamoiditis and hyperemia using intravenous
99m Tc-methylene diphosphonate (99mTc-MDP). It is also wise to compare a scan
of the afflicted foot with the contralateral foot. An increase in uptake compared with
the other foot is significant for disorders.® Although localized sub—first MPJ pain
associated with a sesamoid bone found to be in 2 pieces is clinically diagnostic of
a fractured sesamoid, a bone scan can be useful when there is a clinical question
between what is a bipartite sesamoid and what is a fractured sesamoid. Chisin
and colleagues® found that 26% to 29% of asymptomatic patients showed increased
uptake in the sesamoid region, so nuclear medicine imaging is not necessarily useful
in the evaluation of the asymptomatic condition.

A computerized tomography (CT) scan can assist the clinician in diagnosing a stress
fracture or nonunion, and can delineate posttraumatic changes compared with the
contralateral part.245 Magnetic resonance imaging (MRI) offers little in the direct diag-
nosis of sesamoid disorders, but does provide clues to surrounding first MPJ disor-
ders including flexor hallucis tendonitis, plantar plate disorders, osteochondral
injury, or gout.? This modality may be useful if attempting to diagnose osteomyelitis
of the sesamoid.®® The senior author has extensive experience with nuclear medicine
imaging (NMI) for the evaluation of foot and ankle disorders and has found it especially
powerful when investigating musculoskeletal disorders. Even the small and well-
defined structures of the forefoot can be resolved using this modality and, in osteomy-
elitis, this modality is particularly helpful (Fig. 4).

SESAMOIDITIS

Sesamoiditis is a generalized term for a painful sesamoid complex devoid of radio-
graphic changes typically caused by repetitive stress. Teens and young adults have
a higher predilection for this disorder. Factors that increase susceptibility include
a plantar flexed first ray, asymmetry in size, condylar malformation, rotational mala-
lignment, and symmetric enlargement. Physical examination can reveal pain with
direct palpation or passive distal push on the sesamoid apparatus, passive dorsiflex-
ion of the hallux, and crepitus along the distal FHL. There may be edema, bursal
thickening, and inflammation plantarly (Fig. 5).24°
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Fig. 4. (A) Chronic sub 1 ulceration associated with uncontrolled diabetes mellitus, periph-
eral vascular disease, and peripheral neuropathy. The primary care physician had been treat-
ing sesamoiditis for 4 weeks until the ulceration developed. This ulceration was hardly
noticed by the patient and, were it not for the drainage noted on her socks, she may never
have reported this condition. She had been treated with 2 months of oral antibiotics before
referral to a foot and ankle specialist. (B) In this plain film, the tibial sesamoid is found to be
degenerate with a squared-off medial segment and a multipartite morphology discerned
within the lateral half of the bone, reflective of chronic disease. The fibular sesamoid
does not appear to be affected by the degenerative process. (C) This example of NMI using
99mTc-monoclonal antibody imaging reveals an infectious process well localized to the
plantar aspect of the first MPJ without evidence of extension into the hallux. Given the
underlying peripheral vascular disease, it is easy to appreciate that the vascular tree is
competent to provide isotope to the entire lower extremity without exception. (D) Squaring
of the tibial sesamoid and multipartite lateral half of that bone correlates well with that
noted in the plain film (B). (E) Underlying the sesamoid apparatus, the inferior aspect of
the first metatarsal head can be appreciated and is found to be degenerate in this region.
Excision of the tibial sesamoid and local debridement of the affected inferior surface of the
metatarsal head is complimented by intravenous antibiotic therapy for 3-weeks’ duration.
This treatment proved to be curative with the benefit of long-term management using
custom-molded diabetic insoles and firm-soled, extra-depth shoe gear. (F) Clinical appear-
ance 5 months status after delayed primary closure followed by 3 weeks of intravenous van-
comycin adjusted for renal impairment. Long-term management is supplemented by routine
follow-up for palliative care of residual keratotic overgrowth. Serologic studies returned to
normal baseline parameters immediately after the delayed primary closure and updated
serologic testing remains within normal limits more than 4 months after the antibiotic
therapy was discontinued.
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Fig. 5. The clinical appearance of the combination of an inflamed bursal projection and
sesamoiditis results in a profound soft tissue enlargement beneath the metatarsal head
accentuating the presence of the plantar flexed first ray in this patient.

Conservative treatment of chronic sesamoiditis and most sesamoid disorders
(discussed later) includes rest, ice, nonsteroidal anti-inflammatory medications, and
custom modified orthoses. These conditions are often caused by repetitive stress,
and correcting any abnormal biomechanical influences is the key to long-term
success. This correction can be done in a variety of ways including activity modifica-
tion, custom modified orthoses, gel inserts under the sesamoids, a metatarsal bar,
OrthoWedge shoe, or modified cast immobilization for stress fractures or acute frac-
tures. Bone stimulation can also be used to compliment other conservative treatments
when a delayed union or nonunion of sesamoid fracture is suspected. Adjusting
custom orthotics to include a Morton extension may be effective, as well as using
a carbon fiber forefoot plate to restrict forefoot motion.2*°

Surgical treatment of recalcitrant disorders has been varied. Before the 1980s, exci-
sion was the primary treatment.? In 1914, Speed recommended that if 1 sesamoid is
excised, then the other should be removed as well to prevent increased pressure on
the lone sesamoid.® Subsequently, this led to an increased incidence of cock-up
deformity of the hallux and is no longer recommended. However singular excision
was advocated for conditions such as displaced and nondisplaced fractures, sesa-
moiditis or osteochondritis that does not resolve with 6 months of conservative
management, and osteomyelitis (). Although isolated sesamoid resection can prove
definitive, this procedure is has potential complications. Removing the fibular sesa-
moid is associated with an increased incidence of hallux varus, whereas removing
a tibial sesamoid can worsen a hallux valgus deformity. Excision of either sesamoid
can increase the stress or pressure on the metatarsal head and FHL tendon producing
localized disorders.? To avoid these complications, alternate surgical procedures have
been suggested. Curettage with grafting has been reported for nonunion and AVN.2
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Aquino and colleagues® reported an 89% subjective success of plantar shaving for
intractable plantar keratosis. Open reduction and internal fixation with 2.0-mm screws
has been described for displaced acute fractures as well as percutaneous internal
fixation for nondisplaced fractures using cannulated screws.? The clinician may
reserve sesamoid excision as a salvage procedure when alternate treatment fails.

The Procedure: Isolated Sesamoid Excision

Four techniques are used depending on the disorders, and include either an intra-
articular medial, extra-articular medial, standard dorsolateral, or plantar approach.

An intra-articular medial approach provides the advantage of visualizing and
inspecting the MPJ. This approach begins with a 3-cm to 4-cm incision medially
extending from the proximal flare of the metatarsal head to the midshaft of the prox-
imal phalanx. Care is taken to protect the medial plantar nerve in this dissection.
A linear capsulotomy is performed just inferior to the abductor hallucis. The plantar
capsule, consisting of the retinaculum and metatarsosesamoid ligament can be
incised to allow visualization of the tibial sesamoid articular surface as well as the
metatarsal head and proximal phalangeal base. At this point, any hypertrophic syno-
vitis can be resected, intersesamoidal ligament tears can be identified, and the condi-
tion of the FHL tendon can be assessed. Using this incision, autogenous bone graft
could be harvested from the distal portion of the first metatarsal if desired. A beaver
blade is commonly used to sharply circumscribe the sesamoids to shell them out of
their tendinous investments. Closure consists of 2-0 absorbable suture for plantar
capsule repair, 3-0 absorbable suture for reapproximation of the medial capsular inci-
sion, and the surgeon’s preference thereafter for the subsequent layered closure.?®

The extra-articular medial approach is useful for plantar shaving of a hypertrophic or
prominent sesamoid or for grafting of a nonunion without an articular step-off. The
medial incision is made as previously described. A full-thickness flap is made using
a holding suture to elevate the flap off the undersurface of the tibial sesamoid. Care
must be taken to protect the FHL tendon at this point. If shaving is to be performed,
30% to 50% of the plantar surface is planed using a saw while rongeuring or rasping
is used to recontour the remaining bone. For grafting, if the tendinous expanse
surrounding the sesamoids is intact, then displacement of the nonunion is unlikely,
therefore no internal fixation is required.?®

The dorsolateral approach is used for fibular sesamoid surgery such as repair of
a fibular sesamoid fracture and curettage or grafting of a nonunion. Fibular sesamoid
excision can also be achieved using this technique; however, it is more easily per-
formed from a plantar incision. A standard 3-cm incision is made in the first interme-
tatarsal space dorsally. Dissection is similar to that of a lateral intermetatarsal space
release used in bunion surgery. The first structure encountered is the deep transverse
intermetatarsal ligament (DTIL). After transecting the DTIL, care is taken to avoid
damaging the common digital nerve. The adductor hallucis tendon is removed from
the proximal phalanx, lateral aspect of the first MPJ capsule, and lateral fibular
sesamoid. This tendon is tagged for replacement later. Next, the intersesamoidal
ligament is incised to gain full access to the fibular sesamoid. Great care is taken to
avoid damage to the FHL tendon. After completing the procedure, the adductor
tendon is reattached to the lateral capsule and a layered closure is performed per
surgeon’s preference.?®

The fourth incisional approach is the plantar approach. To avoid a painful plantar
scar, the incision is placed in the first intermetatarsal space instead of directly beneath
the metatarsal head and sesamoid. A curvilinear incision is made extending from the
medial portion near the second digit back to the proximal extent of the metatarsal fat
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pad. After the incision, the lateral plantar digital nerve of the hallux should be identified
and protected either just lateral to the sesamoid or over it. The metatarsal fat pad is
retracted medially with the nerve and the fibular sesamoid is then sharply excised
from the adductor tendon and the FHB tendon. With completion of the procedure,
a layered closure is performed as per the surgeon’s preference. However, the plantar
capsular defect should be closed with 2-0 absorbable suture.?®

OSTEOARTHRITIS

Osteoarthritis of the sesamoid apparatus may be secondary to trauma, chondroma-
lacia, chronic sesamoiditis, hallux rigidus, gout, or rheumatoid arthropathy, among
others.®> A common predisposing condition is hallux valgus deformity. As the defor-
mity progresses, the sesamoids become subluxed from the metatarsal and an incon-
gruity occurs between the sesamoid-metatarsal joint. As a result, increased wear can
occur on the articular cartilage of the sesamoids as well as degenerative changes
within the crista. Even more rarely, osteoarthritis can occur of the sesamoid-
metatarsal complex.? Treatment is discussed later in the article.

INFECTION

Infection involving the sesamoid complex in healthy patients is rare and often results
from direct contiguous seeding from adjacent ulcerations in diabetics with peripheral
neuropathy (). Acute hematogenous spread is possible and primarily occurs in children
and young adults from the ages of 9 to 19 years.? Treatment of infection includes
removal of all infected or potentially infected bone, which can include portions of
the metatarsal head or proximal phalanx followed by copious amounts of irrigation
and oral or IV antibiotics at the surgeon’s discretion. It is recommended that the
surgeon attempts to preserve muscular attachments to prevent a cock-up deformity.
The use of internal fixation is delayed until the osteomyelitis is excised or cured. Once
the infection is cleared, the hallux can be pinned in plantar flexion for 3 to 4 weeks.
A cock-up deformity predisposes the diabetic to future ulcerations and infections
dorsally.’

INTRACTABLE PLANTAR KERATOSIS

There are numerous causes for intractable plantar keratosis (IPK) of the plantar skin at
the sesamoid complex. These lesions may form secondary to structural abnormality of
the foot, which includes osteophytosis of the sesamoid complex, dysfunction of the
MPJ, a plantar flexed metatarsal, uncompensated forefoot valgus, dorsiflexed second
metatarsal, or ankle equinus, among other biomechanical influences (Fig. 6). A more
diffuse callus can suggest a slightly larger sesamoid or a muscle imbalance involving
the peroneus longus and tibialis anterior or tibialis posterior tendons.® latrogenic IPKs
can result from plantar flexory osteotomies of the first metatarsal, dorsiflexory or
shortening osteotomies of the second metatarsal, excision of a singular sesamoid,
and a prior shaving procedure on the neighboring sesamoid.* These discrete lesions
can occur in the athlete and nonathlete alike. This condition in the face of diabetic
peripheral neuropathy can result in ulceration, infected and direct extension of
osteomyelitis from the sesamoid into the metatarsal head as seen in Fig. 4. Associated
soft tissue disorders can be related to IPKs, including a painful bursal sac plantar to
the tibial sesamoids (see Fig. 6A).2

Conservative treatment in this case may be as simple as periodic paring and
accommodative insoles. For intractable lesions, surgical treatment may be warranted
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Fig. 6. (A) Note the porokeratosis subfibular sesamoid left and sub 2 right associated with
gastrocsoleal equinus and brachymetatarsia 3 to 5 bilateral. This 16-year old girl has suffered
the ill effects of long-term steroid use in treating dermatomyositis since the age of 5 years.
The degree of ankle equinus after progressive tendon contracture contributes to forefoot
imbalance and overload, which is her chief complaint. Note the well-circumscribed fat
pads inferior to the metatarsal heads. (B) The forefoot axial view gives optimal appreciation
of the deviation of the sub 1 sesamoid apparatus and the lesser MPJ sesamoids sub 2 and 4
that contribute to the lesion pattern in the left foot seen in (A).

and can include shaving the plantar surface of the sesamoid or complete excision.
Shaving should be avoided when there is a plantar flexed first metatarsal deformity,
and excision is contraindicated when the plantar flexed metatarsal is nontranslatable
or when the metatarsal rests at a level equal to or above the adjacent metatarsal
because of the likelihood of recurrence.?

NERVE IMPINGEMENT

The medial or lateral plantar digital nerve can become inflamed for a variety of reasons.
The medial plantar digital nerve coursing near the tibial sesamoid becomes irritated
because of concomitant hallux valgus deformities as well as overpronation. The lateral
plantar digital nerve can be impinged by the fibular sesamoid, but may also produce
symptoms of neuritis when the fibular sesamoid is enlarged, displaced, or inflamed
itself. Symptoms for nerve impingement include radiating burning pain or numbness
distally. Percussion along the route of these nerves with reproduction of the pain
can be a telling sign of sesamoid-related nerve impingement.2®

Treatment of this disorder can be friction-reducing moleskin padding, a wider
toe-box to prevent irritation, and deep manual massage. When recalcitrant pain
becomes evident, surgical intervention may be warranted. This intervention can
include excision of the offending sesamoid with or without external neurolysis and
release of the fascial capsular restraints to decompress the region.®

SESAMOID FRACTURE

Fractures of the sesamoid can be either acute or stress related, with each displaying
different symptoms and imaging characteristics. Regarding sesamoid fracture, the
tibial sesamoid is more likely to be affected. Acute fractures of the sesamoids occur
because of excessive cyclic weight-bearing loads or direct trauma. They typically
present with a sudden onset of plantar pain after a traumatic episode or with repetitive
activities. Radiographs may reveal acute fractures as transverse clefts. Each fragment
can be varied in size and amount of displacement. Bony calluses can be seen within
2 to 3 weeks, and bone scintigraphy is positive within 24 hours."

Stress fractures have a slightly different presentation. Onset is generally more
gradual and presents after periods of repetitive activity. Radiographic evidence of
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Sesamoid Disorders

2 and 4 years of follow-up. Studies have focused on sesamoidal removal and its
effects on associated soft tissues. Aper and colleagues?®® examined the effect of sesa-
moid resection on the effective moment arm of the FHB and FHL tendons in cadaveric
studies. For the FHB tendon, a significant decrease in the moment arm occurred only
when both sesamoids were removed. A significant decrease in the moment arm of the
FHL tendon was noted after removal of each sesamoid individually and with total
sesamoidectomies. However, no significant change was noted when hemiresections
were performed, indicating retention of FHL strength when only a portion of the
sesamoids are removed.2*

Controversy still exists concerning the role of the sesamoids in hallux limitus and
how these small ossicles should be addressed surgically. A limited amount of
evidenced-based literature is available and even that generally has a poor level of
evidence. More research is needed to gain a better grasp on this subject matter
and the proper way to treat patients.
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