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Abstract

Stress fractures of the foot and ankle are common injuries in athletes. Management differs considerably based on fracture
location and predisposing factors. Repetitive loading of the foot and ankle in athletes should result in physiologic bone
remodeling in accordance with Wolff's law. However, when there is not sufficient time for complete healing to occur
before additional loads are incurred, this process can instead lead to stress fracture. Assessment of the athlete’s training
regimen and overall bone health is paramount to both the discovery and treatment of these injuries, although diagnosis is
often delayed in the setting of normal-appearing initial radiographs. While most stress fractures of the foot or ankle can
usually be treated nonoperatively with a period of activity modification, fractures in certain locations are considered “high
risk” due to poor intrinsic healing and may warrant more proactive operative management.
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Stress fractures of the foot or ankle account for approxi- Clinical Evaluation
mately 10% of injuries seen in recreational and competitive
athletes.!*74%6¢ Repetitive submaximal mechanical loading
triggers physiologic bone adaptation, but when such forces
exceed a bone’s reparative ability, then the resulting imbal-
ance between bone formation and resorption can lead to
microscopic bone injury.!’!” As this microscopic damage
accumulates, it creates an injury spectrum that can include
reactive bone edema visible only by magnetic resonance
imaging (MRI), an incomplete or nondisplaced fracture line
seen on various imaging modalities, or a displaced fracture
that is clearly visible on plain radiographs.

Both intrinsic and extrinsic factors contribute to devel-
opment of a stress fracture. Intrinsic factors typically are | i i i
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Stress fractures should be considered in any athlete present-
ing with the insidious onset of lower extremity pain over a
period of days to weeks, especially in the setting of a sud-
den change in activity or training level. Generally, symp-
toms are activity dependent, and clinical history should
focus on intrinsic and extrinsic risk factors.

Physical examination of the athlete should begin with
assessment of overall lower extremity alignment, gait, and
range of motion. Even mild overuse in the presence of subtle
deviations from normal alignment can lead to overload of
certain regions in the ankle and foot. Since overt swelling
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may or may not exist, explicit knowledge of anatomy can be
critical in correlating direct palpation tenderness to the diag-
nosis of a particular stress fracture. Anatomically localizable
discomfort is frequently present but requires careful exami-
nation and a high index of suspicion.

Imaging

Weightbearing orthogonal radiographs of the affected area
are essential, bearing in mind that the sensitivity of plain
radiographs for stress fracture at the time of symptom onset
is poor; up to 85% can be negative.®>’%’! Repeat radio-
graphs taken a few weeks later, however, may show perios-
teal new bone formation to confirm the diagnosis.

Historically, bone scintigraphy was the gold standard to
diagnose stress fractures given its near 100% sensitivity
within the first 48 to 72 hours of onset of symptoms. #3462
Today, however, MRI has largely replaced bone scans because
of its higher specificity and concomitant ability to evaluate
surrounding soft tissues for other potential injuries.*”* MRI
may be considered at the initial evaluation if there is clinical
suspicion for a stress fracture that necessitates a restrictive
treatment protocol, such as a period of nonweightbearing or
castimmobilization (eg, navicular stress fracture). Importantly,
MRI findings must be correlated with clinical signs and symp-
toms because stress reactions (bone bruises or generalized
marrow edema) that are distinctive from overt stress fractures
are equally common in athletes. One study of 21 asymptom-
atic college distance runners demonstrated a 43% incidence of
bone marrow edema on MRI that did not predispose these ath-
letes to later stress fracture at the edematous sites.'*>!

Low-Risk Stress Fractures

Low-risk stress fractures are those with a high propensity to
heal regardless of treatment strategy. Management typically
entails a short period of activity modification with full
weightbearing. Common locations of low-risk fractures
include the posteromedial tibial shaft, fibula, calcaneus,
cuneiforms, cuboid, and metatarsal neck or shafts (distinct
from the metatarsal bases). Contributing intrinsic factors
such as low bone density, especially in the setting of prior
stress fractures or the female athletic triad, may necessitate
more protective management.

Posteromedial Tibial Shaft

The posteromedial tibial shaft is the most common loca-
tion for a stress fracture in athletes and can be seen in
runners and military recruits.'®?4314%78 A combination of
compressive load and tensile muscular forces of the gas-
trocnemius-soleus complex and deep plantar flexors is

Table I. Fredericson Classification of Posteromedial Tibial
Shaft Stress Fractures With Kijowski Grade 4 Subdivision.

Grade Description

Grade | Periosteal tibial edema with normal marrow signal

Grade 2 Marrow edema evident on T2-weighted images

Grade 3 More severe bone marrow edema on both T1-
and T2-weighted images

Grade 4a Features all grade 3 changes along with
intracortical signal change

Grade 4b Demonstrates a linear cortical fracture line

thought to contribute to this injury.?”#>*% Athletes often
complain of posterior medial leg pain that worsens with
activity and is generally tender to palpation along the
posteromedial tibial shaft. MRI detects these fractures
early and the Fredericson classification (with the
Kijowski grade 4 subdivision) is helpful to grade the
severity of these tibial stress injuries (see Table 1).27:334%.68
Interestingly, histopathologic investigations underscore
that the posteromedial tibial cortex is the initial site of
injury in all these stress fractures—despite the fact that
cortical changes are a late finding on MRI,%!3:4858

Because the posteromedial tibia fracture has a high pro-
pensity for healing due to its location on the compression
side of this bone, initial treatment consists of weightbearing
in a brace or pneumatic boot until pain and tenderness have
resolved.*%%72 Conservative treatment lasts 4 to 8 weeks,
followed by a gradual return to athletics. The Fredericson
classification can be prognostic for athletes, with grade 1
injuries requiring an average of 16 days to return to sports;
grades 2, 3, and 4a all requiring an average of 39 to 44 days;
and grade 4b requiring an average of 71 days to return to
sport.45:48:67

Fibula

Stress fractures of the fibula commonly occur along its dis-
tal third, immediately proximal to the incisura.**%3! This
may represent a physiological weak point given the juxta-
position of strong ligamentous attachments at this site under
conditions of repetitive axial load such as running (see
Figure 1). Individuals with pes planus are susceptible due to
the compressive force within the fibula caused by the hind-
foot valgus malalignment.3®” In addition to the standard
differential diagnosis, athletes with these symptoms should
be evaluated for peroneal tendon pathology or subfibular
impingement, and exertional compartment syndrome.
While most of these patients are generally allowed to
weightbear, return to impact activity is usually restricted for
at least 2 to 3 months.
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Figure |. Female recreational runner and swimmer who
originally presented with | month of left lateral ankle pain worse
when weightbearing with lateral distal fibular stress fracture.

She was treated with activity modification and a tall pneumatic
boot. (A) Initial mortise x-ray of the left ankle demonstrates

a transverse lucency at the distal fibula immediately above

the incisura. (B) Left ankle mortise x-ray | month later
demonstrates interval healing and callous formation.

Calcaneus

Stress fractures of the calcaneus are precipitated by a com-
bination of repetitive heel strike and noncushioned surfaces,
although the opposing pull of the Achilles tendon is also
thought to contribute.?84484° Pain with weightbearing and
a positive calcaneal squeeze (discomfort during tuberosity
compression between the examiner’s thenar eminences)
suggest the diagnosis. The differential diagnosis for heel
pain in an adult includes insertional Achilles tendinosis, ret-
rocalcaneal bursitis, plantar fasciitis, central heel pad syn-
drome, and Baxter’s nerve entrapment. Adolescents should
also be evaluated for Sever disease and tarsal coalition.
Fifty-six percent of calcaneal stress fractures occur within
the posterior tuberosity, oriented perpendicular to the natu-
ral trabecular pattern from dorsoproximal to plantar-distal;
they can also occur, however, in the middle (18%) or ante-
rior (26%) portions of the calcaneus (see Figure 2).417° MRI
can be helpful for diagnosis, especially in case of anterior
and middle calcaneal stress fracture.*37° Up to 65% of cal-
caneal stress injuries have been associated with an addi-
tional tarsal stress injury or fracture.”%’! Limited
weightbearing with immobilization is the standard initial
treatment, with advancement as pain allows.

Cuneiforms and Cuboid

Stress fractures of the cuneiforms and cuboid are uncommon.
They result from the torsional and compressive forces
between the planted forefoot and the relatively larger hind-
foot. These often present as pain during push off in athletic
activities. Given the proximity of the cuniforms and the
cuboid to the metatarsals and other tarsal bones, the

Figure 2. Young male recreational athlete who recently joined
a running group with a quick increase in his running mileage
presented with right heel pain that began abruptly on a 5-mile
run 2 months prior to presentation with imaging demonstrating
a posterior calcaneal stress fracture that was treated with
activity modification and eventual gradual resumption to impact
and running activities. Figure 2 shows a single-view lateral plain
film of the right calcaneus with an area of boney sclerosis in the
posterior tuberosity oriented perpendicular to the trabecula
from dorsoproximal to plantar-distal. Therefore, at times

these fractures require more proactive management, including
restricted weightbearing, casting or immobilization, and even
early operative intervention at initial presentation to optimize
outcome.

tenderness can be poorly localized. Other potential etiologies
to be ruled out include sinus tarsi syndrome, proximal meta-
tarsal stress fracture, and calcaneonavicular coalition. Due to
a typical lack of periosteal callus formation on radiographs,
MRI is often needed to confirm these midfoot stress inju-
ries.”> A 6-week period of activity modification generally
leads to excellent clinical results.*®

Metatarsal Shaft

Running athletes, dancers, and military recruits are espe-
cially at risk for metatarsal stress fractures. Metatarsals
are loaded perpendicular to their long axis, and the rela-
tively fixed proximal anatomy of the second and third
metatarsals makes them particularly prone to diaphyseal
stress fracture. Due to its length and overall immobility,
the distal second metatarsal shaft remains the most com-
mon location for fracture (Figure 3). Tenderness is usually
localized to the shaft when metatarsal stress fractures
occur and can be associated with dorsal swelling.
Metatarsalgia, metatarsophalangeal synovitis, Freiberg’s
infarction, and Morton’s neuroma should also be consid-
ered in the differential.?>?%374% Radiographs a few weeks
after the onset of symptoms frequently demonstrate callus
around a thin, transverse fracture line. MRI is generally
unnecessary unless the diagnosis is in question, and symp-
tom resolution guides a return to activity.
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Figure 3. A recreational female jogger and avid dancer
presented with 5 weeks worsening forefoot pain that had

not improved with change in shoewear or decreased running
mileage. (A) Initial AP of the right foot demonstrates a
transverse cortical lucency with surrounding callous formation at
the distal 2nd metatarsal shaft. (B) Clinical photograph of plantar
skin callous formation and (C) pressure mapping demonstrate
increased 2nd and 3rd metatarsal head loading.

High-Risk Stress Fractures

High-risk stress fractures of the foot or ankle in athletes are
those that carry a lower propensity to heal. Therefore at
times these fractures require more proactive management,
including restricted weightbearing, casting or immobiliza-
tion, and even early operative intervention at initial presen-
tation to optimize outcome. These particular injuries occur
more commonly in areas of tensile stress and/or vascular
watershed, predicating the potential for nonunion. A high
index of suspicion facilitates early diagnosis. Common
locations of high-risk fractures include the anterior tibial
shaft; medial malleolus; talus; navicular; second, third, and
fourth metatarsal bases; proximal fifth metatarsal metadi-
aphysis; and the hallux sesamoids.

Anterior Tibial Shaft

Stress fractures of the anterior tibial shaft are commonly
seen in repetitive jumping athletes. Injury to this hypovas-
cular, tension side of the tibia predisposes it to fracture
propagation, delayed union, and nonunion. Symptoms
include anterior shin pain with tenderness along the tibial
crest. Lateral radiographs taken 4 to 8 weeks after symptom
onset may demonstrate a thickened anterior cortex and
characteristic V-shaped fracture of the anterior tibial cortex
known as the “dreaded black line.”*!>3748 MRI facilitates
early diagnosis prior to radiographic changes.

Treatment is controversial and patient specific. Some
recommend a trial of conservative management, and others
advocate for early operative intervention.!%:% In the
absence of clear radiographic nonunion, initial nonopera-
tive management can be successful but may lead to a pro-
longed return to play of § to 12 months. Among those with

Figure 4. Young male recreational athlete who presented with
I month of medial left ankle pain. (A) Initial anteroposterior
x-ray of left ankle demonstrate a subtle vertical lucency arising
from shoulder of the plafond. (B) Initial lateral x-ray. After loss
to follow-up and persistent weightbearing, he again presented |
month later with worsening symptoms. (C) Left ankle mortise
x-ray demonstrated interval worsening of the fracture line with
slight displacement.

delayed union or nonunion, reamed intramedullary nailing
or open compression plating with bone graft has been
shown to shorten return to sport by 4 to 6 months,!2!516.2478

Medial Malleolus

Repetitive torsion and shear across the medial ankle can
lead to medial malleolar stress injury, especially in the set-
ting of a cavovarus foot. Symptoms are generally activity
dependent, with localized pain and swelling over the antero-
medial ankle; these can mimic impingement-type symp-
toms to confound diagnosis (see Figure 4).2*7 Deltoid
ligament pathology should also be considered. MRI is often
necessary to diagnose stress reaction or fracture at the
medial malleolar level, characteristically arising from the
tibial plafond and running vertically or obliquely to the
medial tibial cortex, although computed tomography (CT)
scan may better define the actual fracture pattern and degree
of healing, 16:2443:47-49.63.6878

Preferred treatment of medial malleolus stress fractures
remains controversial and patient specific. Without any radio-
graphically discernable facture line, a period of restricted
weightbearing until symptom resolution is reasonable. Once
the fracture becomes visible, however, even if nondisplaced,
operative fixation is often recommended.****7% Given the
obliquity of this fracture orientation and its propensity for
shear during routine load, buttress plating is biomechanically
preferable to screw fixation.

Talus

The high joint reactive forces seen in the ankle are transmit-
ted through the talus, which can lead to talar stress injury,
especially of the head.**%° Often seen in jumping athletes,
talar stress fractures often present with vague symptoms
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Figure 5. Young female cross-country runner who presented with | month of left foot pain associated with running and
weightbearing activity. Initial radiographs and magnetic resonance imaging demonstrate a fracture of the dorsal navicular with
extension to the midbody, alongside a dorsal avulsion fragment. Initial left foot x-rays. (A) Anteroposterior (AP) view. (B) Oblique
view. (C) Lateral view. (D) Left foot magnetic resonance imaging, axial slice at dorsal navicular. (E) Sagittal image at midbody of
navicular. (F) She underwent surgical fixation of the fracture in situ with 2 cannulated headless screws and excision of the avulsion
fragment. Postoperative x-rays 2 months after the procedure: AP view. (G) Lateral view.

that can be confused with ankle impingement. Plain radio-
graphs are usually normal, but MRI is diagnostic.*3:63.6%72
While highly sensitive, the specificity of MRI may be
reduced in certain athletic populations such as gymnasts or
professional ballet dancers, where upward of 75% of
asymptomatic participants may demonstrate signal within
the talus.’*%772 A period of nonweightbearing should be
considered until symptoms resolve, but degenerative
change, osteochondral defect, or osteonecrosis may alter
the prognosis. The use of a medially posted orthotic in ath-
letes with hindfoot valgus may also be helpful.!%43:43.67
When the talar head is involved, operative intervention is
often driven by the injury’s implications for the talonavicu-
lar joint.%

Navicular

Navicular stress fractures, common among track-and-field
participants, are likely potentiated by the compressive

forces generated by the medial column of the foot; con-
comitant tensile forces generated by the spring ligament
and posterior tibial tendon insertions, however, may also
play a role.’ Such fractures characteristically occur in the
sagittal plane within the central third of the navicular,
described as a watershed area between branches of the pos-
terior tibial and dorsalis pedis arteries (see Figure 5).%°
Approximately 80% of patients complain of dorsal dis-
comfort corroborated by tenderness along the proximal
pole of the navicular (the so-called N spot), although symp-
toms can be vague. Radiographs may miss over two-thirds
of incomplete fractures and up to one-fifth of complete
fractures.** Even in the absence of clear x-ray findings, a
high clinical suspicion should prompt additional imaging
to delineate both fracture presence (MRI) and trajectory
(CT). Incomplete fractures will typically begin along the
dorsal cortex and thereafter propagate over time in the sag-
ittal plane toward the distal plantar aspect.?® Saxena et al®
divided such fractures into 3 groups (see Table 2).
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Table 2. Saxena Classification of Navicular Stress Fractures.

Type Description

Type | A dorsal cortical break

Type ll A fracture propagation into the navicular body
Type llI A complete fracture with potential avascular,

cystic, and sclerotic changes

Acute nondisplaced partial or complete fractures can
often be managed effectively with cast or pneumatic boot
immobilization, activity modification, and weight offload-
ing for approximately 6 weeks.!'?283448.69.75.7681 Gradual
resumption of weightbearing and other activities may be
considered as symptoms resolve, but persistent symptoms
or radiographic suggestion of delayed union at 3 months
warrant repeat CT scanning and consideration of operative
stabilization. Early operative fixation is recommended for
displaced fractures or complete fractures with sclerotic
change, using 2 to 3 crossed lag screws or a small dorsal
buttress plate if gaps are evident.?’ One must avoid devas-
cularizing the major bone fragments via excessive expo-
sure, and bone grafting should be considered in any fracture
that exhibits displacement or sclerosis.*®> Some authors
advocate for operative fixation of even initially nondis-
placed or incomplete fractures based on expedited return to
sport (16.4 weeks) compared to nonoperative management
(21.7 weeks) following systematic review.* Others theorize
that fixation may act as “rebar” posthealing to minimize any
chance of recurrent stress for athletes planning to resume
high-impact sports.*?

Base of the Second, Third, and Fourth
Metatarsals

Occurring most commonly at the base of the second meta-
tarsal, proximal metatarsal fractures generally affect the
central rays and are characterized by localized swelling and
tenderness. Dancers who frequent the “en pointe” position,
repetitive-impact athletes, and those with cavus feet appear
predisposed (Figure 6).3 Activity modification with short-
term pneumatic boot immobilization frequently suffices to
enable uneventful healing, but nonunion does occasionally
occur and may require operative fixation. Both symptom-
atic and radiographic union should therefore precede any
return to sport.>

Proximal Fifth Metadiaphysis
Metatarsal

Fifth metatarsal stress fractures are potentiated by a cavus
alignment, metatarsus adductus, and participation in cut-
ting sports. Proposed bioetiologies include a vascular
watershed area between the peroneus brevis insertion and
the diaphyseal blood supply (see Figure 7). Torg et al’

Figure 6. A young male and recreational runner with a subtle
cavus foot who presented with 6 weeks worsening lateral foot
pain and inability to run his usual distances. (A) Initial AP of the
left foot demonstrates a transverse cortical lucency at the base
of the 4th metatarsal with local cortical thickening. (B) Left
foot oblique x-ray re-demonstrates stress fracture and cortical
thickening at the lateral aspect of the 4th metatarsal base.

classified these fractures by acuity and radiograph charac-
teristics (see Table 3). Pain and swelling are usually local-
izable, while radiographs are generally diagnostic. Acute
type I fractures may be treated with a 6-week period of
casting and offloading, but some have argued for immedi-
ate intramedullary screw fixation to facilitate earlier return
to sports and decreased refracture rates, although defini-
tive evidence for these opinions remains lacking.?8
Predisposing cavus or adductus malalignment may influ-
ence any decision for early surgery and generates its own
controversy in both athletes and nonathletes as to any role
for concurrent realignment surgery. Type II and III frac-
tures require operative repair, although canal obliteration
may necessitate open plate fixation with bone grafting.
Cavus realignment should be heavily considered in such
settings, although recovery from its treatment remains dif-
ficult to justify in any elite athlete.

Hallux Sesamoid

Repetitive compressive overload under the first metatarsal
head as well as tension forces across the hallux sesamoids
through the flexor hallucis brevis can lead to injury of espe-
cially the medial sesamoid. Predisposing factors include a
plantarflexed first ray or history of repetitive forced dorsi-
flexion, as seen among football linemen or baseball catch-
ers (Figure 8). Differential diagnosis includes turf toe
caused by a singular dorsiflexion injury, sesamoiditis, gout,
sesamoidal osteonecrosis, acute fracture, and first MTP
arthritis. Bilateral foot radiographs may confirm bipartite
sesamoids, which are bilateral in approximately 80% of
individuals and involve the tibial sesamoid in 90% of
patients.?” In unclear cases, an MRI scan can demonstrate
signal abnormality in the involved sesamoid, and a CT scan
may be useful to delineate bony anatomy.
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Figure 7. Young male lacrosse player who presented with worsening left lateral foot pain after 3 years of prodromal symptoms.
Radiographs demonstrate a proximal fifth metatarsal stress fracture in the setting of metatarsus adductus. (A) Anteroposterior (AP)
view. (B) Oblique view. (C) Lateral view. (D) He underwent screw fixation and went on to successful union and pain-free return to
sport. Postoperative radiographs 6 months after the procedure: AP view. (E) Oblique view. (F) Lateral view.

Table 3. Torg Classification of Proximal Fifth Metatarsal Stress
Fractures.

Type Description
Type | Acute
Type ll Delayed union with periosteal and intramedullary
bone formation
Type lll Nonunion
A

Figure 8. A middle-age male and recreational runner with

a forefoot driven cavus foot and resultant “tripod” overload
who presented with 8 weeks worsening pain under his |st
metatarsophalangeal joint with running and weight-bearing. (A)
Initial sesamoid view of the left foot demonstrates a transverse
cortical lucency through the tibial sesamoid. (B) Left foot lateral
x-ray demonstrates the relative plantarflexed positioning of the
first ray, often seen in a forefoot driven cavus.

Treatment for sesamoidal stress fractures can be pro-
longed. Initial treatment may entail offloading with immobi-
lization, followed by a gradual return to sports in a rocker
bottom shoe and an orthotic that incorporates a sesamoid
recess and Morton’s extension.?’ In recalcitrant cases, many
different operative procedures have been described, includ-
ing open bone grafting, internal fixation, and sesamoid exci-
sion. In the presence of a preexisting gastrocnemius
contracture or a forefoot-driven cavus, one may alternatively
consider the performance of a gastrocnemius recession and/
or first ray dorsiflexion osteotomy, respectively.>?

Other Treatments and Considerations

Prevention

Stress fracture prevention focuses on modifying extrinsic
risk factors. All athletes should be counseled on appropri-
ate diet, training regimen, proper technique, and condition-
ing ramp-up. Equipment updates such as appropriate
orthotics, if necessary, and new running shoes every 200 to
300 miles should be highlighted.®® Involvement of multi-
disciplinary teams that incorporate endocrinologists for
bone disorders or metabolic deficiencies and psychiatrists
for eating disorders is also critical to success. With the
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patient’s permission, involving coaches and trainers in this
discussion can be both educational and helpful for the
patient’s success.

Female Athletes

Female predisposition to stress fractures can be biomechan-
ical in origin, such as the presence of a higher Q-angle in the
knee, but hormonal differences may also play a role.!421:4280
The female athlete triad deserves special mention, defined
by the coexistence of an eating disorder, amenorrhea, and
osteoporosis. Treatment of stress fractures in such scenarios
requires additional focus on adequate caloric intake with a
goal body mass index (BMI) more than 21 kg/m?, adequate
calcium and vitamin D intake, and alterations in training.>’
Birth control pills may decrease the incidence of stress frac-
tures by ensuring menstrual regularity.’® Proactive referral
to other specialists as above is crucial and should be par-
ticularly considered if a female athlete presents with more
than 1 stress fracture over time.

Pediatrics

Year-round sport-specific programs with heightened ath-
lete expectations and training intensity underlie the ris-
ing incidence of stress injuries across the pediatric
population.®® In skeletally immature athletes, prolonged
stress may lead to growth deformities or physeal arrest,
which warrants separate consideration compared to
adults.’% Expedited referral to a pediatric orthopaedic
surgeon is critical with even the slightest evidence of
physeal arrest or bone deformity.

Laboratory Values

Vitamin D affects bone health via its regulation of serum
calcium and phosphorous concentrations, and low vitamin
D levels may be associated with an increased risk of stress
fracture among military recruits.>® Parathyroid hormone
(PTH), via osteoclast stimulation, may also be higher
among athletes who sustain stress fractures.”” Measurement
of vitamin D and PTH levels should therefore be consid-
ered in any athlete who sustains a high-risk or recurrent
stress fracture with subsequent repletion of vitamin D as
necessary.®

Management and Workup of an Athlete With
Repetitive Stress Fractures

In addition to the measurement of vitamin D and PTH lev-
els, one should consider dual-energy x-ray absorptiometry
(DEXA) scan to assess bone mineral density (BMD) after
recurrent stress fractures.?® Referral to a bone mineral spe-
cialist should be considered with any abnormality.

Medications

Adequate levels of calcium and vitamin D protect against
the development of stress fractures, and deficiencies of vita-
min D benefit from repletion accordingly.>* The evolving
understanding of bone metabolism and calcium homeosta-
sis has introduced multiple other therapeutic options,
including bisphosphonates, calcitonin, oral contraceptives,
and PTH analogues. A prospective randomized clinical trial
of competitive female runners demonstrated that daily use
of an oral contraceptive pill may increase BMD by 1% a
year but was unable to demonstrate a resultant reduction in
stress fractures.?® Others have trialed the use of preventative
bisphosphonates among military recruits but did not dem-
onstrate a reduced risk of stress fracture.’> Calcitonin,
which counters PTH’s peripheral effects, has not been dem-
onstrated to be effective in any large clinical trial. Recently,
a recombinant form of PTH called teriparatide (Forteo) has
shown some promise in the treatment of osteoporosis, but
its use in stress fractures in the athlete is controversial and
deemed off-label ¢!

Other Nonoperative Treatments

Other commonly used modalities include orthotics, bone
stimulators, pulsed ultrasound, and extracorporeal shock
wave therapy (ESWT). A cadaveric study that suggested
orthotics decrease metatarsal forces failed to gain in vivo
support when applied to Israeli military recruits who dem-
onstrated no difference in the rate of stress fractures.*$4%5!
Electromagnetic bone stimulators, pulsed ultrasound bone
stimulators, and ESWT are purported to aid healing and
increase rates of bony union.®!86473 The literature support-
ing such modalities, however, is fraught with small-scale
studies, methodological flaws, and conflicts of interest.
Therefore, these modalities are generally considered adju-
vants to established treatment methods. Furthermore,
emerging use of platelet-rich plasma and other autologous
cell-based injections has not demonstrated efficacious treat-
ment of foot and ankle stress fractures thus far.

Summary

Foot and ankle stress fractures are common among both
recreational and elite athletes, and they can be associated
with significant morbidity and loss of play. Caretakers must
accordingly maintain a high index of suspicion for this pop-
ulation. Intrinsic factors pose treatment challenges in ath-
letes with stress fractures, so focus on potentially modifiable
extrinsic factors may improve outcome and be better toler-
ated by the athlete. Physical exam remains the cornerstone
of diagnosis, and providers must maintain a thorough
knowledge of foot and ankle anatomy to localize these inju-
ries in a timely fashion—especially considering that early
radiographs can often be negative and MRI can often be
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nonspecific. Distinguishing between low- and high-risk
stress fractures helps guide treatment and educate patients
regarding prognosis. Moreover, identifying and addressing
predisposing factors such as malalignment, coalition, or
metabolic abnormalities is also critical to this conversation.
For certain subsets of patients, a multidisciplinary team that
incorporates endocrinologists, mental health professionals,
and the orthopaedist remains paramount for optimizing
treatment outcome.
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