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INTRODUCTION

Overuse musculoskeletal injuries are responsible for
the greatest loss of training time in military trainees."?
Included in the wide spectrum of overuse injuries
are stress fractures, which also prevent completion of
military training. Although stress fractures are most
commonly noted in the lower extremities, these in-
juries also occur in the upper extremities, ribs, spine,
and pelvis.

The earliest report of stress fractures is attributed to
Dr Breithaupt, a Prussian army physician, who in 1855
described significant dorsal foot swelling and pain
in soldiers as a result of prolonged marching.’ Using
conventional radiography,*these signs and symptoms
were first reported as stress fractures in 1897.

Clinical evaluation of stress fractures includes a
thorough history, a physical examination, and imaging
studies. The recent advancement of musculoskeletal
imaging techniques has aided the evaluation and diag-
nosis of stress-related injuries. Standard management
of stress fractures consists of pain-free crutch ambula-
tion for lower extremity or pelvic stress fractures fol-
lowed by a gradual return to weight-bearing activity
culminating in running. Although this long-standing,
conservative treatment regimen suffices for military
personnel or athletes, it does not optimize the recovery

period for reentry to training and competition. Without
addressing potential contributory factors for the stress
fracture injury, it is not unusual for the recruit to incur
a subsequent stress fracture.

The incidence of stress fractures is high in military
training programs, basic training pos’cs,5 military train-
ing academies,®” and specialty training units.*’ Given
the military-wide directive to achieve a fit force and
given the athletic nature of many active duty members,
the possibility of stress fractures continues to exist
after completion of entry-level training and should be
considered when evaluating patients with exercise-
related musculoskeletal complaints.

This chapter provides a framework for comprehen-
sive management of stress-related musculoskeletal
injuries. Although accurate diagnosis and rest periods
normally result in recovery from stress fractures,
this course of management does little to prevent re-
currence or to advance the physical condition of an
individual. Thus, treatment programs must be avail-
able for those patients who push the boundaries of
prevention and recuperation to ensure that there are
ample opportunities for optimal recovery. See also
Appendix 1, Bone Scan Imaging of Stress Injuries in
the Recruit.

ANATOMY

Bone is composed of dense outer cortical bone
surrounding a spongy inner core, called cancellous
bone. Although it has been recognized for years that
bone responds to the stress placed on it, research has
shown that bone also responds to the type of stress it
encounters.'*"°

Functional Anatomy

Bone is structured to absorb compression forces.
During functional activity, however, physical stresses
are produced simultaneously in multiple planes.
Therefore, tension, compression, and shearing stresses
are applied to the bone in physical training activities.

Stress placed on bone causes changes in cellular ac-
tivity. Bone responds optimally to intermittent stresses.
Research indicates that a few cycles of short duration
loading is adequate for maintenance of bone strength.
Desensitization of bone cells occurs in the presence of
sustained loading.'® Sustained stressing (prolonged
loading) of bone causes reduced mechanosensitiv-
ity, reduced cellular activity, and impaired healing."”
Complete removal of bone stress results in a decrease
in bone strength."
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Dynamic intermittent loading produces fluid ac-
tivity in the medullary canal that stimulates cellular
activity and facilitates bony adaptation (strengthens
bones)."*"°High-impact exercises cause a greater push
of fluids through the bony architecture. Hsieh and
Turner" reported that increasing the frequency of load-
ing also increases the osteogenic effect and reduces the
magnitude of strain necessary to enhance osteogenesis.
Review of these methods in humans has been limited
to retrospective studies. Milgrom et al* reported that
military trainees accustomed to playing basketball for
a 2-year period before commencing military training
were significantly less likely to sustain a stress fractures
than individuals accustomed to running. Conversely,
prolonged static loading of bone impedes osteoblastic
activity and is more likely to produce osteoclastic activ-
ity, which increases the risk of stress fractures.

Bone fatigue occurs in response to training load.
Training load is determined by volume, duration, and
intensity of training, as well as by the method of load-
ing. Walking imparts a load of 1.5 to 2.75 times the
body weight to the lower extremity, running conveys
a load of 3 to 5 times the body weight, and jumping
produces a load up to 10 times the body weight. The
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ability of muscle to shield bones and joints from these
stresses is based on the conditioning level of the indi-
vidual (eg, fatigability and strength).

Muscular forces on bones also play an important
role in both protection from and development of stress
fractures. Research indicates that muscle fatigue results
in a dramatic increase in stress absorbed by the bony
architecture.”® Although muscle fatigue, as described
in the literature, was related to running duration (eg,
after a 2-mile run), muscle fatigue in military trainees
spans a wide range of activities based on individual
conditioning levels. Muscle fatigue results in an
increase in strain rate, strain magnitude, and strain
distribution. A 20% to 35% increase in bone strain has
been reported with muscle fatigue following as little
as a 2-mile run. Although well-designed studies on the
effect of lower extremity strength training and stress
fracture incidence are needed, studies have reported
that increased calf girth was associated with reduced
stress fracture occurrence.'?

Pathogenesis and Recovery

In general, stress fractures occur as a result of ab-
normal stress to normal bone (typical athlete stress
fracture) or normal stress to abnormal bone (from
osteoporosis). Although abnormal stress to normal
bone incorporates most physical training-related stress
fractures, the precise mechanism is a source of debate.”
Stress fractures occur as a result of microdamage from
the physical stresses on the bone, as well as remodel-
ing, which is a natural adaptation to these stresses.
Physical stress to the bone is caused by tensile stress
from the attachment of muscles or more direct stress,
compression, and torsional strain, resulting from im-
paired muscle function (fatigue) and the inability of
the muscles to effectively attenuate bone stress. Mi-
crodamage is produced by high strain rates, increased
loading frequency, and high stress magnitude. Lower
bone density, increasing age, and impaired remodeling
further amplify the effects of microdamage. Remod-
eling, although generally a protective mechanism to
strengthen bone, also contributes to development of a
stress fracture. Accelerated remodeling further weak-
ens bones. Genetic, hormonal, and dietary factors
affect remodeling.

Stress fractures can heal by two methods: (1) remod-
eling and (2) adaptation.”? Bone remodeling results
from organized cellular units, called basic multicellular
units, that detect and remove microcracks. Adaptation
(or strengthening of bony structure) occurs from bone
deposition. Remodeling is the primary means of early
recovery, because the adaptation process occurs more
slowly and takes longer than the typical healing time

frame for return to activity after a stress fracture.”
Dynamic loading incites a greater osteogenic effect
than static loading."

Incidence and Etiology

Numerous studies have described the incidence of
stress fractures in military trainees. Most US studies
show that 1% to 9% of military trainees will sustain a
stress fracture.”®*Reports on the Israeli Defense Forces
place incidence rates as high as 31%. The high degree
of variability in these studies is attributed to surveil-
lance of these injuries. Most US studies are based on
passive surveillance, in which diagnosis of a stress
fracture relies on individuals seeking medical care for
the related injury. The Israeli Defense Forces used ac-
tive surveillance and bone scintigraphy for diagnosing
stress-related injuries.”*

Risk Factors

The relationship of various contributing factors to
the incidence of stress fractures has been widely stud-
ied. Multiple variables have been reported as affecting
the onset of bone-related stress injuries. The variables
are most commonly divided into intrinsic risk factors
and extrinsic risk factors. Intrinsic risk factors are
variables commonly associated with morphological
measurements, some of which can be affected by train-
ing (Exhibit 11-1). Examples of intrinsic risk factors
include gender, age, ethnicity, body mass index, bone
characteristics, muscle strength, pretraining fitness
level, lower extremity morphology, nutritional fac-
tors, and genetics. Extrinsic risk factors, although less
numerous, are commonly derived from external forces.
They are modifiable by the awareness and education
of individuals involved with the training programs.
Examples of extrinsic risk factors include training er-
rors, exercise / training surfaces, training footwear, and
prediction and prevention.

Intrinsic Risk Factors

Gender. Multiple studies have indicated that female
recruits are at greater risk for stress fractures than their
male counterparts.®””” Special consideration should
be given to females presenting with stress fractures,
including clinical evaluation of the female athlete triad
(amenorrhea, disordered eating, and osteoporosis).***
Disordered eating extends from caloric restriction
and food group avoidance to the more severe eating
disorders of anorexia nervosa and bulimia. Thorough
discussion of the female athlete triad is beyond the
scope of this chapter and review of the 1997 position
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EXHIBIT 11-1

INTRINSIC AND EXTRINSIC RISK
FACTORS IN THE CAUSATION OF STRESS
FRACTURES

Intrinsic Risk Factors
e Gender
Age
Ethnicity
Body mass index
Bone characteristics
Muscle strength
Pretraining fitness level
Lower extremity morphology
Nutrition factors
Genetics
Menstrual dysfunctions
Muscle fatigue
Flexibility
Previous injury and inadequate rehabilitation

Extrinsic Risk Factors

¢ Training errors
Training surfaces
Worn-out/inappropriate footwear
Excessive training intensity
Environment

statement published by the American College of Sports
Medicine is recommended.” Late-onset menarche has
also been associated with an increased likelihood of
developing stress fractures.” Although oral contracep-
tive pills may help maintain bone mineral density and
reduce the risk of stress fracture development,* other
studies suggest no benefit,'”* or potentially negative
effects.>*

Increasing age is associated with greater risk for
stress fractures; however, published reports vary.
Although the majority of these studies indicated that
increasing age results in greater occurrence of stress
fractures,””” Milgrom et al® reported an inverse as-
sociation.

Ethnicity. Differences in fracture risk between racial
and ethnic groups have been noted. White recruits
have shown an increased incidence of stress fractures
in comparison with African American, Hispanic, and
Ethiopian recruits.***

Body Mass Index. Body mass index has been both
directly and inversely associated with stress fracture
rates.” Discrepancies in the literature occur in part
because of the operational definition of body mass
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index and its application. In studies in which a high
body mass index has been linked with an increased
risk for stress fractures it is tied to poor physical con-
ditioning.” In contrast, Drinkwater et al*’ reported that
weight gain—and a resultant increase in body mass
index—increases bone mineral density and resump-
tion of menses.

Bone Characteristics. Investigators have deter-
mined that bone structure indicates a predisposition
to stress fractures. Osteoporosis (low bone mineral
density) is commonly associated with a high risk for
stress fractures. Typical assessment of this condition
uses dual-energy x-ray absorptiometry scan testing.
Turner and Robling'® found that small changes in bone
mass, which are structurally significant, might not be
detected by the dual-energy x-ray absorptiometry
scan. Utility of this test in assessing stress fracture
risk in a military training population is questionable
because most young, active individuals have scores
within acceptable age group norms. Other measurable
bone characteristics include bone mineral content,
bone width, medullary canal width, cortical bone
thickness, and bone geometry.

Bone mineral density, bone mineral content, and
bone shape and size have all been studied in response
to exercise, ultimate bone strength, and loading. In
long bones (eg, tibia, femur), strength is proportional
to the size (width) of the bone.*! Giladi et al*'*?found
that narrow tibial bone width was associated with a
greater risk for both tibial and femoral stress fractures.
Conversely, Bennell et al* did not find an association
between tibial bone width and tibial stress fractures
in female athletes.

Individuals with lower bone mineral density have
an increased incidence of stress fractures."” Conflicting
reports did not identify a relationship between lower
bone mineral density and stress fractures.* Bone min-
eral density and bone mineral content have increased
in response to loading (exercise).** Robling et al®
reported that, in rats, small increases in bone mineral
density and bone mineral content have a dramatic
effect on bone strength. The influence of prolonged
loading duration had a detrimental effect on bone
adaptation and bone mineral density.”

Bone geometry (shape and size) is an accurate indi-
cator of bone strength.'® Periosteal bone width is also
a key indicator of ultimate bone strength.'® However,
periosteal bone growth occurs primarily in childhood
and adolescence. Although numerous studies have
suggested some value in each of these measurements,
conflicting reports indicate that further research is
warranted.

Muscle Strength. Skeletal muscle strength and mass
have been associated positively with bone mineral
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density. Skeletal muscle activity has an osteogenic
role. Bennell et al" described that women with less
lean mass in the lower leg and smaller calf girth were
more likely to incur stress fractures. In male military
trainees,” poor lower body strength was linked with
an increased risk of lower extremity stress fractures.
Muscle fatigue results in increased stress on skeletal
structures. Fatigue of the anterior tibialis and triceps
surae muscles (gastrocnemius and soleus) dramatically
increases calcaneal and metatarsal stresses.*

Pretraining Fitness Level. Although most individu-
als believe that a higher level of physical fitness before
initiation of military training is protective for stress
fractures, the available research in this area is less de-
finitive. Consideration should be given to the type of
exercise used before military induction rather than to the
aerobic fitness level. For example, Milgrom et al*® noted
that trainees who swam had an increased stress fracture
risk versus trainees who played basketball, who had a
decreased stress fracture risk. Multiple studies reported
no correlation between level of prior participation in
sports or aerobic fitness levels and the occurrence of
stress fractures.*¥” Although Hoffman et al* found no
statistically significant difference between stress fracture
incidence and prior physical activity levels, the highest
incidence of stress fracture was reported in those who
did not participate in a conditioning program before
military training. Shwayhat et al’ noted a significant
increase in lower extremity overuse injuries in Navy
SEAL (Sea, Air, and Land) recruits who ran fewer miles
and shorter duration runs before the formal training
period. Similar findings have been found in other
studies.” Physical training (for a period of 1-2 years
before military training)—which induces greater shear,
tension, and compression stresses than standard run-
ning—reduces the incidence of stress fractures."”

Lower Extremity Morphology. Various lower
extremity morphological measurements have been
reported in relation to lower extremity overuse inju-
ries. Available research provides conflicting accounts
of most variables; therefore, caution is recommended
when interpreting individual measurements as key
factors in the development of stress fractures.

Pes cavus (high arch) and pes planus (flatfoot) have
both been reported to predispose individuals to lower
extremity stress fractures.® Pes planus has been linked
with an increased risk for tibial and tarsal bone stress
fractures.” Individuals with cavus feet have an in-
creased association with metatarsal stress fractures.*

Genu valgum (knock-knees) and genu varum
(bowlegs) are associated with an increased the risk for
incurring a stress fracture. Cowan et al* found that, in
US Army basic infantry trainees, those trainees with
the most valgus knees were more likely to sustain an

overuse injury of the lower extremity. A wider pelvis
and genu valgum in women have also been linked with
a greater incidence of stress fracture.”

Unequal leg length has been associated with an
increased risk for lower extremity overuse injuries."”
However, other research has not implicated leg-length
differences with lower extremity injuries.” External
rotation of the hip was reported by Giladi et al**" as
being predictive of increased risk of lower extremity
stress fractures in Israeli soldiers. Conversely, Bennell
et al"” did not find a similar association in track and
field athletes with lower extremity stress fractures.

Nutritional Factors. Adequate caloric intake to
meet the demands of physical training is necessary to
maintain and increase bone mineral density.”’ Short-
term energy restriction (eg, restricted caloric intake)
during periods of physical activity has been shown to
impair collagen synthesis and reduce the availability
of insulin-like growth factor 1, which aids in bone for-
mation.”” Armstrong et al® reported that weight loss
in military trainees during periods of daily physical
training was associated with a greater risk for develop-
ing stress-fracture injury.

Deficient dietary intake, in particular calcium
deficiency, makes trainees more susceptible to stress
fractures.* Large amounts of calcium are lost in sweat
during intense exercise, and supplementation with
calcium citrate and vitamin D increases bone mineral
content in athletes.” Myburgh et al** found that dietary
calcium intake at levels below the recommended daily
allowance was associated with stress fracture occur-
rence. A recent report on female military trainees did
not find a difference in dietary calcium intake between
the stress-fracture and the non-stress-fracture groups.”
Consumption of high levels of sodium, phosphorus
(soft drinks), fiber, protein, caffeine, and alcohol nega-
tively impact calcium balance. However, Bennell et al”’
did not find an association between dietary intake of
those substances and the incurrence of stress fractures.
Because calcium is a threshold nutrient (ie, nutritional
intakes above a certain level do not result in further
benefit to bone), supplementation is unlikely to influ-
ence stress fracture incidence in patients whose dietary
intake meets the recommended daily allowance.”®
Consideration should be given to Matkovic’s™ research
proposing that the recommended daily allowance for
calcium be increased to promote adequate calcium in-
take for skeletally maturing individuals. Consideration
of vitamin D supplementation was recommended by
Givon et al.** Nattiv and Armsey® noted the potential
complications of hypercalcemia and hypercalciuria.
Trainees should be made aware of this data and limit
intake of the foods and nutrients that might adversely
affect calcium balance.
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Genetics. The exact role that genetic makeup plays
in the incidence of stress fractures remains to be inves-
tigated. Givon et al® reported that a high percentage
of trainees with stress fractures had a first-generation
relative who had also sustained a stress fracture. Ge-
netic markers might be eventually proven to be an
effective screening tool to identify trainees likely to
incur a stress fracture. Nattiv and Armsey stated that
“attainment of peak bone mass is largely determined
by genetics, however a significant impact is made
through optimizing lifestyle patterns.”®**® Although
genetic testing is not used to restrict military training
selection, such information might support specific pre-
training intervention programs to reduce the incidence
of stress fractures.

Extrinsic Risk Factors

Training Errors. Training errors are a frequent cause
of stress fractures. They are typically associated with
training volume thatis increased too rapidly (eg, mile-
age, frequency) and hill running.>*

Exercise/Training Surfaces. Various theories exist
regarding the role of training surfaces on stress fracture
incidence.” Training on hard surfaces increases the
mechanical shock to the bone and potentially increases
the incidence of stress fractures. Running on soft sur-
faces requires greater muscular activity, induces early
muscle fatigue, and contributes to stress fractures.

Training Footwear. Although footwear is believed
to contribute to stress fractures, the available research
is equivocal.®* Because foot structure (eg, size of the
first metatarsal, plantar arch), biomechanical factors,
and stability vary greatly among military trainees, the
common requirement that all trainees wear the same
type of training shoe might be less than ideal. How-
ever, there are no studies to support this hypothesis.

Footwear modifications and insole use have gained
widespread consideration. Milgrom et al** noted a reduc-
tion in stress fractures with the use of a shock-absorbing
orthosis. In contrast, Gardner et al” found that the incor-
poration of an insole with good shock absorption prop-

erties did not reduce stress fracture incidence in military
recruits. A recent Cochrane Database report suggests that
insoles might reduce stress fracture rates.” However, the
effectiveness of custom orthoses versus a generic over-the-
counter product is yet to be clearly determined. The use
of Zohar boots (manufactured in Tel Aviv, Israel) by the
Israeli Defense Forces reduced tibial strain contributing
to stress fractures.®® In US military training, running in
boots is commonplace. Boot manufacturers, in response,
have modified components to produce a boot that is more
shock absorbent, lightweight, and running-shoe-like.

Prediction and Prevention

Optimal management of stress fractures centers on
preventing injury occurrence. Consideration of all the
intrinsic and extrinsic risk factors is invaluable in the
evaluation and management of stress fractures in the
training environment. A recent review of the stress
fracture prevention literature emphasized “how little
we know about what works to prevent one of the most
common and potentially serious sports and exercise-
related overuse injuries.” %

Attempts to reduce the incidence of stress fractures
have included modification of training programs,
modification of footwear, and the use of insoles. Scully
and Besterman® reported that altering the third week
of training—by introducing nonrunning training ac-
tivities—significantly reduced stress fracture rates in
US Army basic trainees. This efficacy of 1-week periods
of restricted running in the early phases of military
training to reduce stress fracture incidence has been
questioned in more recent literature.®

Jump training (playing basketball) in the 1- to 2-
year period leading up to military training has been
associated with a reduction in the incidence of stress
fractures.” Although jump training has proved ben-
eficial, it is not practical to implement with an effec-
tive time line (1-2 years needed for bone adaptation)
and can also result in secondary injuries (eg, joint and
ligamentous sprains) that could negate the positive
effects of bone strengthening.

CLINICAL EVALUATION AND MANAGEMENT

Prescreening

Although not commonly performed on a large
scale in military trainees, prescreening to identify
those susceptible to musculoskeletal injuries (includ-
ing stress fractures) may lead to injury prevention.
Areas for possible pretraining assessment include
lower extremity biomechanics, bone mineral density,
lower extremity strength, cardiovascular fitness, and
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footwear selection. Intrinsic and extrinsic risk factors
should be addressed when performing a pretraining
analysis of potential contributing factors to injury.

History
As with any musculoskeletal injury, a thorough his-

tory is essential in guiding the physical examination
and using ancillary testing. In the clinical setting, it is
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not uncommon to focus on the location of symptoms
and conservative management while overlooking
potential causes of stress fractures. Key areas to be
investigated include training history, menstrual pat-
tern, prior history of overuse musculoskeletal injuries,
dietary pattern (eg, pattern of caloric restriction),
changes in training, changes in footwear, and pattern
of symptoms (eg, after activity, during activity, or
constant ache). Nonmusculoskeletal pathology (eg,
tumors), which may masquerade as a stress fracture,
should be considered when evaluating a patient who
has not experienced improvement following reduced
physical training. Patient report of night pain, night
sweats, weight loss, local swelling, enlarged lymph
nodes, or pain unchanged with mechanical stress
(movement) should raise the clinician’s level of sus-
picion for nonmusculoskeletal conditions.

Physical Examination

A physical examination should include a focused
examination of the region of interest, as well as a com-
prehensive assessment to identify potential contribu-
tory factors. A thorough examination should include
gait observation, joint range of motion of involved
joints proximal and distal to the symptomatic region,
strength assessment, palpation, and use of special
tests.

Palpatory skills help localize the lesion to the bony
surface or to adjacent soft-tissue components. Mathe-
son et al* found that 66% of athletes with a positive
bone scan had localized tenderness on palpation.
Palpation of the symptomatic region should always
be compared with the contralateral extremity, with
particular awareness of applied pressure.

Use of special tests has been widely reported in the
literature; however, sensitivity has not been unequivo-
cally noted. The percussion test (percussing the heel
with the palm of the hand) can potentially induce
pain at the fracture site (eg, tibia).***”° Utilization of
the fulcrum test (applying a valgus or posterior-to-
anterior stress to long bones) has also been proven
clinically useful. Various studies have recommended
this test for the diagnosis of femoral shaft stress frac-
tures.”””* This test is also useful for the assessment of
tibial and metatarsal shaft stress fractures. Application
of a vibrating tuning fork can also aid in the process
of differential diagnosis. Using a 128-Hz tuning fork,
Lesho” reported 75% sensitivity and 67% specificity
with the tuning fork test (which percusses the bone
and elicits pain not reproduced with soft-tissue injury).
However, given the negative likelihood ratio of 0.34, a
negative tuning fork test is not adequate for ruling out
a tibial stress fracture. Other researchers have found

less effectiveness using the tuning fork test. Several
studies have suggested that applying ultrasound to
the bone surface (eg, tibia) might also be beneficial in
evaluating potential stress fractures.”*”” Conversely,
other studies have reported that ultrasound examina-
tion is not a reliable tool in the diagnosis of tibial stress
fractures.”*”’A hop test (single leg hopping) has also
been indicated as a useful test for tibial and femoral
stress fractures;’*®® however, the hop test is not
recommended as a diagnostic tool because excessive
weight bearing can cause an incomplete stress fracture
to become complete. Spinal and hip extensions, which
increase loading of the pars interarticularis region of
the lumbar spine, have been suggested for evaluating
potential pars stress fractures.®** Clinicians should
always perform these special tests on both extremi-
ties for comparison. Awareness of the applied force
should also be considered when comparing involved
and uninvolved extremities.

Plain-Film Radiographs

When clinical suspicion of a stress fracture exists,
the first line of defense of ancillary testing is the plain-
film radiograph. Radiographic changes might not be
evident for a least 2 to 3 weeks after the onset of the
patients” symptoms.® Sensitivity of radiographs is
low.**®* Radiographs should be assessed for evidence
of periosteal reaction, fracture lines, endosteal callous,
or focal sclerosis. Typically, periosteal reaction (Figure
11-1) is the first plain-film radiographic sign of a stress
fracture.” Although sensitivity of radiographic find-
ings in patients with suspected stress fractures does
improve with time, two thirds of standard radiographs
are negative in the early phases, and only one half of
the patients developed radiographic evidence of a
stress fracture.®**Although not very sensitive, plain-
film radiographs provide a high degree of specificity
for diagnosing stress fractures.”* Despite the low yield
for early plain-film radiographs, this remains the usual
first line of imaging in military trainees. Often, trainees
are unable to recall the duration of symptoms. Thus,
the use of plain-film radiographs is warranted because
actual bone stress and subclinical symptoms may be
of many weeks’ duration.

Bone Scintigraphy (Scan)

The long-standing standard for imaging of stress
fractures has been the technetium bone scan. This test
might be positive (Figure 11-2) as early as 2 to 3 days
after onset of a patient’s symptoms.”* Although grad-
ing systems (Table 11-1) to define the severity of bone
stress injuries have been studied by various authors,
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Fig. 11-1. Periosteal reaction at the distal medial tibial
diaphysis.

their usefulness in directing clinical management is not
widely accepted.”** Bone scans provide a high degree
of sensitivity for an underlying bony lesion with less
specificity than MRI for defining the severity of the
lesion. When faced with a positive bone scan, consid-
eration should also be given to other conditions, such
as osteoid osteoma, infection, and malignancy; thus,
plain-film radiographs are recommended as well.” A
triple-phase bone scan provides more specific informa-
tion on the presence of a well-localized stress fracture
and reduces the likelihood of a false-negative result.*”
The three phases are the angiogram, the blood pool,
and the delayed (bone) image.” In the case of a stress
fracture, all three phases are positive; whereas, in the
case of shin-splints, only the delayed image phase is
positive.* Increased uptake from non-stress-fracture
entities (eg, shin-splints, iliotibial band syndrome)
is from a disruption of Sharpey’s fibers.*”*® Applica-
tion of ice to a symptomatic area before undergoing
a bone scan should be avoided because it might ad-
versely affect test results.”” It is not uncommon for a
bone scan to expose additional asymptomatic areas of
radionucleotide uptake, and this situation can pose a
diagnostic dilemma. These areas of increased uptake
indicate subclinical locations of bone remodeling and
should be addressed if the provider has a high level of
clinical suspicion. If patients are placed on crutches to
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Fig. 11-2. Bone scan demonstrating increased uptake in the
medial tibial plateaus, bilaterally.

promote early healing of the stress fracture, the con-
tralateral lower extremity may become symptomatic
in previously subclinical areas.

Anegative bone scan does not always eliminate the
possibility of a stress fracture. Milgrom et al® reported
cases in which an initial bone scan was negative, but
after continued symptoms and physical training, re-
peat bone scans 1 month later showed a stress fracture.
Other studies have documented false-negative bone
scans when evaluating femoral neck and sacral stress
fractures.” 1%

In patients with suspected shin splints, positive
bone scans are not uncommon.” This finding might
represent a continuum of injury, and patients should be
monitored carefully for worsening symptoms. In ad-
dition, positive bone scans are not uncommon in clini-
cally asymptomatic patients.”” The severity of findings
has not been positively associated with recovery time
in tibial stress fractures.'” Furthermore, the presence of
bilateral tibial stress fractures has not been associated
with prolonged recovery time, compared with trainees
having unilateral involvement."”"

Bone scans are not usually recommended for assess-
ing fracture healing. However, some studies suggest
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TABLE 11-1
GRADING OF STRESS FRACTURES

Grade Radiograph Bone Scan MRI
1 Normal Poorly defined Positive STIR im-
area age
1I Normal More intense Positive STIR and
area positive T2-
weighted
III  Discrete line Sharper uptake Positive T1- and
area T2-weighted, but
no definite corti-
cal break

Positive T1- and
T2-weighted
fracture lines

IV Fracture More intense,
localized
transcortical

uptake area

MRI: magnetic resonance imaging

STIR: short-tau inversion recovery

Data sources: (1) Arendt EA, Griffiths HJ. The use of MR imaging
in the assessment and clinical management of stress reactions of
bone in high-performance athletes. Clin Sports Med. 1997;16(2):291-
306. (2) Fredericson M, Bergman AG, Hoffman KL, Dillingham MS.
Tibial stress reaction in runners. Correlation of clinical symptoms
and scintigraphy with a new magnetic resonance imaging grading
system. Am ] Sports Med. 1995;23(4):472-481.

their usefulness in this area.***>'”2 MRIs taken after false-
positive bone scans in endurance athletes with hip pain
have revealed non-stress-fracture lesions of tendonitis,
synovial pit, bone cyst, and avascular necrosis.'”

Magnetic Resonance Imaging

MRI is gradually supplanting bone scintigraphy as
the preferred study for stress-related bone injuries.'”'%
Greater specificity supplied by MRI provides more
detail about the severity of these injuries. MRI grad-
ing scales of stress-related bone injuries have been re-
ported by Fredericson et al” and Arendt and Griffiths.”
Although this information can assist rehabilitation
specialists in designing return-to-activity programes,
Arendt and Griffiths™ advocate caution. The use of
MRI in suspected stress-related bone injuries is not
without limitation. Early tumors (eg, myeloma), os-
teomyelitis, and bone bruises also produce stress-frac-
ture-like findings, further amplifying the importance
of a corroborating clinical examination.”

MRI has been recommended for imaging of acute
hip (Figure 11-3) and pelvis injuries in which immedi-
ate diagnosis is necessary (avoiding a 2- to 3-day lag
time to prevent false-negative findings on bone scan-

ning'®). In addition, the greater specificity provided by
MRI in the evaluation of high-risk bone stress injuries
is helpful in determining if surgical intervention is
warranted. Although MRI is in high demand and not
readily accessible at many military treatment facili-
ties, the development of dedicated extremity scanners
might increase availability. Further benefits include
less time required for completion of the test and the
absence of radiation exposure.

Some studies have indicated the potential for over-
sensitivity in MRI, however. Positive findings have
been reported in asymptomatic patients.”*'”” Dutton
et al'” noted that in military trainees, there was poor
correlation between degree of stress fracture severity
on MRI and bone scan to clinical outcome. Individuals
with grade I and II findings on scintigraphy were less
likely to resume military training than those with grade
III and IV stress fractures.'”® However, Fredericson et
al® noted a more consistent recovery period in direct
correlation with severity of MRI findings.

Research comparing findings of the MRI examina-
tion with those of bone scans is conflicting. Batt et al”
reported poor agreement between the grading systems
used for bone scans and MRI. Contradicting those find-
ings is research from Ishibashi et al®® who described
correlation between the two grading systems and the
degree of clinical symptom:s.

Computed Tomography Scanning

Computed tomography scanning is not normally
used in the assessment of stress fractures, but has
been recommended as an adjunct in the assessment of

Fig. 11-3. Magnetic resonance imaging demonstrating bone
edema and an incomplete stress fracture on the compression
side of the right femoral neck. Anterior view.

R: right
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tarsal navicular injuries and known stress fractures.”
McFarland and Giangarra'® recommended computed
tomography to evaluate sacral stress fractures.

Laboratory Testing

Although serum analysis has been investigated in
a few studies,®'®'"" this data is not incorporated rou-

tinely in clinical evaluation and management of stress
fractures. In soldiers with stress fractures, Givon et
al® found high levels of osteocalcin and bone-specific
alkaline phosphatase, along with lower levels of 25-
hydroxyvitamin D. Further research on biochemical
markers specific to individuals with stress fractures
may enable use of these tests as a clinical adjunct when
imaging studies are not available.

TREATMENT

When clinical suspicion is high that stress fractures
exist, the prudent course of treatment is cessation of
the exacerbating activity until proven unnecessary by
serial clinical examination and supporting imaging
studies. Medical practitioners should be aware that
the highly motivated patient might not fully grasp
the importance of accurately reporting persistent or
worsening symptoms. Unfortunately, some military
trainees have pushed themselves to the point of de-
veloping a complete fracture.

A team approach to managing trainees with stress
fractures reduces delays in return to training. Thor-
ough education of patients, training instructors, and
medical personnel regarding the stress injury is crucial
to an uncomplicated return to activity.

Role of Recovery

Rest is essential to a timely recovery from stress
fractures. Sleep deprivation, not uncommon in mili-
tary training environments, might also contribute to
the development of stress fractures.*® Adequate rest
periods between training cycles are also important
to facilitate cellular activity, which promotes bone
strengthening.'?

The optimal rest period between training cycles
depends on multiple variables (eg, muscle fatiga-
bility, training volume) and is difficult to control
in a large group of military trainees with varying
recovery needs. Robling et al,”” in a study using
rats, reported that 8 hours of recovery time between
loading activity was helpful in restoring bone mecha-
nosensitivity and maximizing the effects of exercise
on bone strength.

Physical Training

Although traditional management of stress frac-
tures incorporates extended periods of nonweight-
bearing activity, the duration of rest varies. Return to
full activity following stress fractures varies both in
individuals with the same region of injury and between
the various anatomical locations (eg, femur vs tarsal
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navicular).” It is difficult to predict the time course for
return to full activity because of the interplay of previ-
ously described factors. Multiple studies have reported
on the negative effects of complete non-weight-bear-
ing activity.'”'”® Therefore, we only recommend strict
non-weight-bearing status for individuals with high-
risk stress fractures. Continued loading of low-grade
(per bone scan or MRI findings) stress injuries does
not always progress to a more severe lesion” and
likely prevents bone strength reduction secondary to
disuse."” Arendt and Griffiths™ reported that grade I
and II stress injuries can continue to heal, while still
allowing graduating levels of physical activity. Burr et
al" described continued healing in an animal model,
wherein cyclical stress was applied to the hind limbs
of rabbits with stress fractures. Stress fractures in high-
risk locations (ie, femoral neck, medial malleolus, talus,
patella, great toe sesamoids, anterior tibia, base of the
fifth metatarsal, and tarsal navicular) should be treated
with extreme caution."?

A phased approach to rehabilitation promotes a
systematic progression of activities. Progression is
based not on time, but on response to current exercises.
This program uses a variety of methods for loading
bone to incite shear, compression, and tension stresses.
Rubin and Lanyon' recommended a varied training
program to produce a greater osteogenic response
(eg, cross training vs emphasis on progression of run-
ning). Turner and Robling'® introduced the concept
of an osteogenic index to measure the effectiveness
of exercise programs. Subsequently, an equation was
developed that allowed insight into the osteogenic
potential of various exercise programs. Components of
the equation included intensity of loading (peak load
of the exercise being performed), volume (number of
repetitions or loads on the bone during the training
session), and time between sessions. This equation
demonstrated that short, intense exercise sessions—
with adequate rest between sessions—have a greater
osteogenic index than lengthening the duration of
training sessions.

Because the measure of success for most military
trainees is a return to training, it is important to educate
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patients about varying their exercise regimen (intensity
and volume) and include adequate rest between train-
ing sessions. Sustained loading activities (eg, walking,
running) without adequate rest intervals can impair
healing by reducing the mechanosensitivity to load-
ing.'*" Clinicians must actively monitor the patient’s
response to each exercise session. Increasing levels of
pain will necessitate a return to less stressful training.
In addition to pain, clinicians should be aware of ab-
errant movement patterns that signal favoring of the
injured segment.

Phased Approach to Rehabilitation

A three-phased approach to rehabilitation empha-
sizes a systematic progression of activities based on
response to current exercises: (1) protection; (2) normal-
izing movement; and (3) return to running and jump
skills training.

Phase I—Protection
Bone stress is minimized until weight-bearing

becomes pain-free. To avoid atrophy of major muscle
groups, resistance exercises should be performed.

Fig. 11-4. Split squat.

Bone stress of the injured segment should be minimal
with early resistance training. Although crutches are
often prescribed to offload the bone and reduce pain,
complete non-weight-bearing crutch ambulation is not
normally used and in some instances has been associ-
ated with prolonged recovery time.'” Although upper
body and core resistance training are emphasized in
phase I, lower body resistance exercises in the open
kinetic chain (foot off the ground and no axial loading
through the injured extremity) are usually well toler-
ated. If only one lower extremity is injured, single-leg
stance exercises performed on the uninjured leg are
indicated. From this single-leg stance, the injured lower
extremity can perform open kinetic chain exercises that
maintain pelvic stability (eg, resistance in all planes
using a sports cord).

Although options for aerobic conditioning are lim-
ited in phase I, reduced weight-bearing options should
be pursued to minimize deconditioning. Swimming,
aquajogging, and biking are the most common choices.
Because other training options are limited during the
protection phase, itis an ideal time to address flexibility
concerns discovered during the evaluation.

Criteria to advance to phase II: Pain-free ambulation
of 100 meters.

Fig. 11-5. Single leg squat.
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Phase I —Normalizing Movement

There are two primary goals of normalizing move-
ment: (1) weight-bearing is systematically increased
so that brief running is well tolerated; and (2) optimal,
total body movement patterns are restored.

Weight-bearing activities include body-weight re-
sistance exercises, such as squats, lunges, and aerobic
conditioning. Weight-bearing resistance should begin
with symmetrical weight distribution, and progress
to staggered-stance activities (eg, split squats [Figure
11-4]) and end with single-leg stance exercises (eg,
squat [Figure 11-5], step-down, multiplanar straight
leg raises of the uninjured leg against sports cord
resistance).

The weight-bearing associated with aerobic con-
ditioning should be carefully monitored during this
phase. Elliptical and step machines can be initiated
at this time, with low intensity and duration. The
non-weight-bearing modalities used in phase I can
be continued at a greater intensity and for longer
durations.

Restoration of optimal movement patterns should
be a focus of training during this phase. The patient
should be exposed to a variety of drills that challenge
balance and coordination without exposing the injured

Fig. 11-6. Lateral shuffle.
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segment to excessive stress. Examples of such drills
include lateral shuffle (Figure 11-6) and crossover step
(Figure 11-7) agility drills at a walking pace, single-leg
stance catch/throw (eg, chest pass, overhead pass,
rotational pass), warrior/sun-salutation poses from
yoga (Figure 11-8), balance and reach (eg, stand on
injured leg, then reach forward/backward/diago-
nally/laterally as far as possible with the uninjured
leg [Figure 11-9]).

Criteria to advance to phase III: Pain-free running for
3 minutes and bilateral symmetry in measurements of
balance and strength.

Phase I11 — Running and Jumping Progression

The goals of this final phase of rehabilitation are to
ensure optimal attenuation of ground reaction forces
during jumping and landing, and to instill proper body
mechanics during powerful movements. Concurrently,
running is systematically progressed toward the pa-
tient’s end-stage running goal (Table 11-2)."¢ Because
running requirements vary among recruit training
environments, the clinician should assess the point
at which the recruit meets a particular requirement.
The decision to return to full duty must not be made
solely on the recruit’s ability to pass a fitness test. Take

Fig. 11-7. Crossover step.
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Fig. 11-8. Warrior pose.

into consideration the cumulative physical demands
on the injured bone of the trainee. Before returning to
full activity, trainees should be able to train for 2 to 3
weeks at a level (ie, total amount of running each day
and cumulative amount for the week) equal to what
they will experience upon reentry to training.

Previous drills to restore optimal movement skills
are progressed in this phase, with greater emphasis on
agility. Drills such as the lateral shuffle and crossover
step are performed at a quicker pace and change of
direction is added. Balance and reach exercises from
phase II might be replaced by lunges (Figure 11-10)
performed in multiple directions (eg, forward, back-
ward, diagonally, and laterally). Progressively increas-
ing external resistance can be added to squatting and
other strength development exercises.

Jump training should begin with mastery of jump-
ing and landing mechanics. Good squatting technique
is the basis for good jumping and landing skills. Ensure
that, at the depth of the squat, the feet and knees are
aligned in both the frontal and sagittal planes. The
hips should be well to the rear, with the trunk straight
but tilted forward for counterbalance. Once the basic
squat technique is mastered, add speed to the squat

Fig. 11-9. Balance and reach.

repetitions to prepare for the explosiveness of jump-
ing and landing. Begin jump training with relatively
low-level drills such as submaximal vertical and broad
jumps with double-leg landings. The patient should
be encouraged to soften impact by landing from toe to
heel while adequately bending at the hips and knees.
The clinician should cue the patient to listen to the
landing and encourage quiet repetitions. Count the
number of jumps in a given training session in order
to progress systematically.

If the initial jump training is well tolerated, progress
to higher intensity jumps such as drop jumps (step-
ping off of a 20-25 cm platform and landing in the
squat position). Gradually progress to drop jumps,
followed immediately upon landing by a vertical or
broad jump. Over several sessions, the height of the
platform can be slowly and incrementally raised if the
patient demonstrates sufficient strength as evidenced
by good landing technique, and if the jumps are well
tolerated. Further progression might incorporate single
leg jumps and other drills that simulate the jumping
and landing requirements of the recruit. Jump training
should be used in combination with other condition-
ing modalities; therefore, consideration of the total
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TABLE 11-2
THE WALK-TO-RUN PROGRAM*

Phase Activity

I Walk 2 miles at your own pace
1I Progress to walking 2 miles in 35 minutes
I  Walk1/4,Run1/4, Walk1/4, Run1/4

IV Walk1/4, Run1/4, Walk 1/4, Run 1/4, Walk 1/4,
Run1/4, Walk1/4, Run1/4

\Y Walk 1/4, Run1/2, Walk 1/4, Run 1/2, Walk 1/4,
Run1/2

VI  Walk1/4, Run3/4, Walk 1/4, Run 3/4
VII  Walk1/4, Run1, Walk 1/4, Run 1
VII Walk1/4, Run1, Walk1/4, Run 1, Walk 1/4, Run 1

*These guidelines apply to use of this walk-to-run program:

use brand name running shoes, not court or cross-trainers;
begin at an easy pace on level surfaces with no hills until
3 to 5 weeks after phase VIII;

e stop if increased pain, swelling, or stiffness is noted,
especially while running and if symptoms are present
by the next morning;

e do not run more than three times per week and do not
run daily until 3 to 5 weeks after phase VIII;

e try each phase at least twice before advancing to the next
phase—do not progress if pain, swelling, or stiffness is
noted;

e after phase VIII, gradually increase running without
walking;

e all increments for walk-to-run progression are based on
miles (ie, walk 1/4 mile, run 1/4 mile, walk 1/4 mile, run
1/4 mile for Phase III); and

e after phase VIII, do not increase distance or pace by more
than 10% per week.

musculoskeletal load is important. Generally, jump
training should be performed two or three times per
week on nonconsecutive days and completed either 8
hours before or after additional training activities.

Use of Pharmaceuticals

The role of nonsteroidal antiinflammatory medica-
tions (NSAIDs) in the management of stress injuries is
equivocal. NSAIDs are commonly recommended'”'";
they are prescribed to provide pain control and to aid
in the resolution of inflammation. There is concern
about the potential adverse effects of NSAIDs on bone
healing as a result of cyclooxygenase 2 inhibition in
fracture healing."® Most published research (in animal
models) has demonstrated inhibition of fracture heal-
ing with administration of both nonspecific NSAIDs
and cyclooxygenase 2 selective NSAIDs.'***!
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Fig. 11-10. Lateral lunge.

Giannoudis et al'” reported delayed fracture heal-

ing in patients with femoral fractures who had taken
NSAIDs. Although the pathophysiology of fracture
healing in humans probably mirrors that of animal
models, further research is needed to confirm this
adverse impact of NSAIDs on fracture healing in
humans.'” Given the detrimental effects noted in
animal models, Gerstenfeld and Einhorn'** recom-
mended short-term use of NSAIDs or other drugs (eg,
acetaminophen) in patient management. A review by
Wheeler and Batt' emphasized the lack of evidence
regarding the use of NSAIDs in patients with stress
fractures and called for further research in this area.

Bracing

Aircast, Inc (Summit, New Jersey) produces a
pneumatic leg brace for tibial and fibular stress frac-
tures. The most recently published study reports no
additional benefit of bracing for military trainees'”;
however, previous studies noted that use of this brace
results in a more rapid return to pain-free activity and
resumption of preinjury activity levels.””"'® The abil-
ity of the brace to act like a venous tourniquet is the
mechanism by which this brace facilitates healing. Air
cells within the brace combine with muscular activity
during ambulation to produce a shift in interstitial
fluids and to enhance osteoblastic activity."” Clini-
cians should be aware that the pneumatic leg brace for
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tibial stress fractures is different (a longer length) than
the pneumatic brace normally used for ankle sprains
(Figure 11-11).

In addition to using the Aircast brace for tibial stress
fractures of the mid to distal regions of the tibia, we also
used a standard knee range-of-motion brace (Figure 11-
12) for proximal tibia stress fractures. This brace limits
valgus forces to the knee region that typically incite
pain in patients presenting with such injuries. This is
an effective brace that promotes early, pain-free weight-
bearing, as advocated by Kimball and Savastano'” for
treating proximal tibia stress fractures.

Casting

Tibial fractures that do not heal with bracing or
activity limitation can be considered for a “walking”
cast. Casting modalities are effective for noncompliant
individuals. Casting should be for a period of at least
4 weeks or until the patient is pain free.

Surgery

Documented tibia fractures that are refractory to all
conservative means (ie activity modification, bracing,

Fig. 11-11. Right leg: standard ankle Aircast (Aircast, Inc
[Summit, NJ]) brace. Left leg: stress fracture Aircastbrace.

or casting) after an appropriate treatment period of
90 days may be considered for surgical intervention
after an evaluation by an orthopaedic surgeon or
podiatrist.

Supplemental Modalities

The use of electrical stimulators and ultrasound to
accelerate bone healing has been extensively reported
in the literature.”®'* The vast majority of studies have
used these modalities in fresh, nonunion, or delayed
union fractures. The exact details regarding the ac-
celeration of osteogenesis have been debated, but
the underlying mechanism appears to be an increase
in intracellular calcium that increases osteoblastic
activity.”""® Products marketed and researched for

Fig. 11-12. Knee range-of-motion brace.
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bone healing normally use specific electrical or ultra-
sound parameters not common in standard electrical
stimulation and ultrasound devices found in most
physical therapy clinics. Although some manufactur-
ers of therapeutic electrical stimulation units include
a bone stimulation protocol in the device handbook,
the parameters have not been reported in the peer-
reviewed literature.

Electrical stimulation has been advocated in the
treatment of stress fractures.”®'”” This modality has
been used in patients with delayed union and non-
union fractures.””""'*® Based on personal clinical
experience, use of interferential electrical stimulation
can produce localized increased pain following treat-
ment of patients with tibial stress fractures. Careful
consideration should be given to the parameters used
with electrical stimulation application, and patients
should report any increase in pain during or follow-
ing treatment.

Ultrasound produces a mechanical effect to stimu-
late fracture healing.'” The Exogen device (Smith
& Nephew BV, Hoofddorp, the Netherlands) has
improved the healing rates of fresh fractures and non-
union fractures at a dosage of 20 minutes per day."**'*
Fredericson et al® reported that ultrasound reduces
periosteal inflammation in athletes with tibial stress
reaction; however, no specifics were provided about
particular treatment parameters. Only one study to
date has reported on the use of ultrasound in the treat-
ment of stress fractures. Brand et al'® explained that
ultrasound application (the Exogen device) in athletes
with tibial stress fractures resulted in a more rapid
return to pain-free activity and the ability to continue
in sports. Participants in this study wore a pneumatic
tibial brace, which should be considered a confounding
variable to the results, especially given the previously
described efficacy of this brace.

The effectiveness of both ultrasound and electrical
stimulation in individuals with stress fractures remains
to be thoroughly studied in well-controlled clinical
trials. Although there are no apparent adverse effects
of either modality, the machines specifically manufac-
tured and marketed for bone healing are expensive
(>$1,500 per unit), have limited battery life (requiring
manufacturer refurbishment), and are marketed for
use by individual patients (ie, one patient per unit).

Ice and Heat

These two modalities are commonly used for their
analgesic effects. Ice treatment helps minimize swell-
ing, whereas heat treatment helps to relax and loosen
tissues. The efficacy of thermal modalities in the treat-
ment of stress fractures lacks supporting research.
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Nutritional Supplementation

The role of supplementation in prevention of or re-
covery from stress fractures is yet to be established. The
National Institutes of Health has established guidelines
for calcium needs based on age group. It is possible
that the calcium requirements in military trainees and
athletes exceed that of the general population and that
supplementation is beneficial.”” However, Schwellnus
and Jordan' did not find a beneficial effect of calcium
supplementation. Caution has been recommended
with vitamin D supplementation.”’

Bisphosphonate supplementation has been advo-
cated in osteoporotic women and has been associated
with an increase in bone mass. However, prophylac-
tic use in military trainees has not demonstrated a
reduction in stress fracture incidence."*” Mashiba et
al"! found microdamage accumulation in animals
treated with bisphosphonates. A small case series on
female intercollegiate athletes reported that 80% of
athletes who began intravenous pamidronate treat-
ment were able to continue unrestricted training and
competition."? Unwanted effects of microdamage
accumulation in military trainees suggest against
utilization of these supplements until further research
is accomplished.

Anatomical Considerations

Stress fractures that can have serious consequences,
such as nonunion fractures or those that would need
surgical intervention if mismanaged, are considered
high-risk. High-risk stress fracture locations include
the femoral neck, patella, anterior tibial shaft, medial
malleolus, talus, navicular, base of the fifth metatarsal,
and the sesamoids. Clinical suspicion of a stress frac-
ture in any of these locations should be treated with
extreme caution (eg, strict nonweightbearing crutch
ambulation) until bone stress injury is ruled out. Stress
fractures in other locations are less likely to advance
to nonunion or require surgical intervention; these are
considered low-risk.

Tibia

Stress fractures of the tibia present the most com-
mon anatomical region of involvement in military
trainees and athletes.”* The location of the stress
fracture can include any of the following: tibial pla-
teau, proximal tibia, midtibia, distal tibia, or medial
malleolus."*'*'* Differential diagnosis of tibia pain
encompasses the spectrum of shin splints, periostitis,
stress reaction, stress fracture, and nonmusculoskel-
etal causes. Additional consideration should be given
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to exertional (transient) compartment syndrome,
soleus muscle strain, and flexor digitorum longus
strain.” Batt et al”’ reported that the findings on bone
scan and MRI suggest a likely continuum of injury
from shin-splints to stress fracture and that diffuse
uptake on bone scan should not be simply considered
as a self-limiting lesion, but rather treated with a rest
period.

Midshaft (diaphyseal) stress fractures are encoun-
tered most commonly. This region of involvement
had the poorest outcome regarding resumption of
military training.'”" Pain production along the medial
aspect of the tibia can also occur from the origins
of the tibialis posterior, soleus, or flexor digitorum
longus muscles.®'* The previously described clinical
tests, in conjunction with a thorough history, will aid
in developing the level of concern for a stress fracture
of this region.

Proximal tibia stress fractures have also been widely
reported and appear to have good potential for return
to military training.'”" Differential diagnosis of pain
in this region should include pes anserine tendonitis
or bursitis, medial collateral ligament sprains, medial
meniscus tears, and muscle strains. Based on clinical
experience, individuals with stress injuries to this area
can present with a sudden onset of symptoms, pain
with valgus stress to the knee joint, and edema around
the pes anserine region.

Conflicting evidence regarding the correlation of
findings on imaging studies to the time course for
return to activity has been reported previously.”'"
This evidence underscores the importance of close
clinical management by the team of medical personnel
to ensure an uneventful return to training.

Metatarsals

Stress fractures of the second and third metatarsals
are the most common. Less common, but with greater
potential for adverse outcome, are stress fractures of
the base of the fifth metatarsal. Key components of
the physical examination in patients with metatarsal
pain are axial loading, fulcrum testing, and a good
palpatory examination. Differential diagnosis includes
extensor or fibularis (peroneal) tendon strains or
tendonitis, Morton’s neuroma, Frieberg’s infarction,
metatarsalgia, and cuboid syndrome.”

Tarsals

Tarsal stress fractures of the calcaneus, talus, and
navicular®'¥'* have been reported. Matheson et al*®
noted a longer recovery time in athletes with tarsal
stress fractures than other lower extremity stress

fractures. The prolonged recovery period required for
these stress fractures was attributed to a delay in ac-
curate diagnosis, thus amplifying the need to be aware
of such conditions. Differential diagnosis of calcaneal
stress fractures should include retrocalcaneal bursitis,
Achilles tendonitis, plantar nerve entrapment, radicu-
lopathy, and posterior ankle impingement.*”'*® Stress
fractures of the talus, although typically located in the
talar neck, may occur in various locations of the bone
and have been associated with excessive subtalar joint
pronation.'”* Navicular stress fractures also present
a diagnostic challenge. Trainees typically complain of
a vague dorsal midfoot pain. Differential diagnosis
should include extensor hallucis longus tendonitis,
anterior tibialis tendonitis, and a symptomatic acces-
sory navicular bone.

Femur

Stress fractures of the femur can involve the femoral
neck, femoral shaft, or condylar region.”**'® Differen-
tial diagnosis of hip, thigh, or knee pain in the military
trainee should include stress fractures, musculoten-
dinous strains, tendonitis, synovitis, intra-articular
pathology, avascular necrosis, and malignancy. Sig-
nificant findings on clinical examination might include
the hop test, the log roll, the active straight leg raise,
the fulcrum test, and percussion.”"”?

Typical presenting symptoms in patients with femo-
ral neck stress fractures include groin or inguinal pain
with radiation of symptoms to the anterior or medial
thigh. Less common, but noted from personal clinical
experience, are gluteal pain and vague sacroiliac-re-
gion pain. Patients often complain of pain with straight
leg raise. Patients complaining of lateral hip pain with
tenderness to palpation should also be evaluated for
greater trochanteric bursitis or gluteus medius ten-
donopathy. According to the work of Shin et al,'® the
MRI should be the preferred source of imaging in a
trainee with acute or gradual onset hip pain indicative
of a femoral neck stress fracture.

The early signs and symptoms of femoral shaft
stress fractures are often diagnosed as quadriceps
muscle strains. The most useful clinical test has been
the fulcrum test.”” The location of femoral shaft stress
fractures is typically on the medial (compression) side
of the femur. This location is the site of attachments
for the adductor and vastus medialis musculature,
which might be causative agents for stress fractures
in this location. Patients with femoral shaft stress
fractures have recovered faster than other lower ex-
tremity sites.*

Although stress fractures of the condylar region
of the femur are less frequent, this lesion should be
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considered in the differential diagnosis of trainees
with persistent or worsening distal thigh and knee
joint pain. Femoral condyle stress fractures have oc-
curred in both the medial and lateral condyles.”***'>°
Differential diagnosis of this region is made dif-
ficult by common overuse problems around the
knee, such as muscle strains, ligamentous sprains,
iliotibial band syndrome, and patellofemoral pain
syndrome.

Fibula

Although the fibula is not a major weight-bearing
bone, stress fractures are not uncommon and must be
considered in the differential diagnosis of a patient
with lateral lower leg pain. Stress fractures of the
fibula are attributed to muscle traction and torsional
stresses.®” Other considerations in the differential
diagnosis should include muscle strains, tibiofibular
syndesmotic sprain, and exertional compartment
syndrome. Stress fractures of the fibula have oc-
curred in the proximal, middle, or distal thirds of
the shaft.™

Sacrum

Sacral stress fractures, although not among the more
commonly encountered injuries, should be considered
in the military trainee with persistent lower back pain.
Case reports in the literature have noted that sacral
stress fractures occur predominantly in long distance
runners'®"* and are caused by the transmission
of forces from the lower extremities and spine to the
sacrum." Differential diagnosis of these patients
should include lumbar strain or sprain, sacroiliac joint
dysfunction, lumbar disc involvement, or congenital
anomaly. The most reliable finding on physical ex-
amination is localized tenderness over the sacrum and
sacroiliacjoint.'” Less consistent findings on physical
examination are positive Patrick’s test and leg-length
inequality."®>'*

Spine (Pars Interarticularis)

Stress injuries to the pars interarticularis region,
normally in the lower lumbar region of the spine,
should be considered in the patient involved in
activities requiring repeated extension movements
of the lumbar spine. Key components of the physi-
cal examination include reproduction of symptoms
with lumbar extension or hip—pelvic girdle extension.
Neurological sequelae (eg, radiating pain into the
lower extremity) might or might not be present in
conjunction with a pars stress fracture. Radionuclide
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examination can be useful in the early assessment of
such injuries, and triple-phase bone scans can assist
in the determination of lesion chronicity.*

Pelvis

Pelvic stress fractures have been found in female
military trainees and long distance runners. Injuries
in female trainees have been linked to shorter physi-
cal stature and marching in the rear of formations,
which resulted in greater than normal stride lengths
in an attempt to maintain pace with the group.”'*
Alternatively, consideration should be given to the pos-
sibility of osteitis pubis, athletes pubalgia/hernia, and
adductor muscle strains. The key finding on physical
examination is well-localized bony tenderness over
the inferior or superior pubic rami.

Sesamoids

Stress fractures of the sesamoid bones, with the me-
dial sesamoid more commonly affected, are prone to
nonunion.” These bones play an important role in the
strength and stability of the first metatarsal phalangeal
joint. Given the demands on the joint in running, this
should be considered a possible diagnosis in trainees
presenting with plantar first metatarsal phalangeal
joint pain.

Patella

Overuse injuries around the knee constitute a high
number of training-induced visits to military treatment
facilities. Stress fractures of the patella," although not
widely reported, can occur and clinicians should be
aware of this possibility.

Upper Extremity/Thorax

Stress fractures of the upper extremity and thorax
have been reported in the literature.'"'* Rib stress
fractures have been found in rowers and golfers.'*'®
These types of stress fractures are typically related
to specific activities that are not common in military
training.

Failure of Conservative Measures

If the patient’s symptoms have not improved after
an appropriate treatment period, usually 90 days, he
or she should be referred to an orthopaedic surgeon
or podiatrist for evaluation. The patient should be
considered for surgical intervention or fitness for duty
evaluations.
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SUMMARY

Knowledge of bone function, response to physical
training, and the interplay of multiple intrinsic and
extrinsic risk factors have advanced over the past 30
years. The significant adverse impact of musculo-
skeletal injuries—stress fractures in particular—on the
throughput of military trainees in all environments (ba-
sic trainees, service academies, and advanced military
training settings) necessitates vigilance from healthcare
providers. Clinical awareness and skill in formulating

a differential diagnosis for musculoskeletal injuries are
needed to prevent adverse sequelae that might result
from unwarranted continuation of physical training
in the presence of a stress fracture. Effective manage-
ment of patients with stress fractures requires a team
approach, a comprehensive and closely monitored
rehabilitation program, and education of the trainee
and the personnel providing instruction to military
training programs.
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