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Diagnosis and management of bone stress injuries of

the lower limb in athletes

James Pegrum orthopaedic and trauma registrar, honorary research associate'®, Tom Crisp
consultant sports physician®, Nat Padhiar consultant podiatric surgeon and honorary reader®

'Centre for Sport and Exercise Medicine, Queen Mary’s University, London E1 4NS; 2BUPA Health and Wellbeing, London, UK; *Milton Keynes

Hospital, Milton Keynes MK6 5LD, UK

The annual incidence of overuse injuries in track and field
athletes is estimated to be 3.9 per 1000 training hours, with a
prevalence of 76%,"" and 10-20% of consultations in sports
medicine practice are for stress fractures.' Stress fractures are
also common among army recruits.

With the advent of magnetic resonance imaging, stress fractures
are diagnosed earlier and more readily than they were in the
past, and early surgical treatment is increasingly considered as
a management option for patients who are at high risk of fracture
non-union. Rapid and accurate diagnosis of stress fractures is
important to prevent propagation of the fracture, and early
effective treatment may reduce time away from training and
participation in sport. Experts think that overtreatment of low
risk stress injuries and undertreatment of high risk injuries both
occur and lead to unnecessary time away from training.> In
addition, increasing participation of non-athletes in endurance
sports such as marathon running has led to an increase in stress
injuries among non-professional sportspeople.

We review the diagnosis and management of stress injuries of
the lower limb, drawing on evidence from randomised trials,
non-randomised intervention studies, observational studies, and
consensus guidelines. Figure 1]/ presents an algorithm to help
readers diagnose stress injuries and refer affected patients
appropriately.

Why do stress fractures occur?

Stress fractures occur as a result of overuse injuries to bone,
either secondary to bone fatigue or bone insufficiency. Fatigue
stress fractures occur when normal bone is unable to keep up
with repair when repeatedly damaged or stressed (figs 2|/ and
31)). Insufficiency stress fractures, however, occur in bone that
is under normal strain but structurally abnormal because of
metabolic bone disease or osteoporosis.

Bone constantly remodels through a balance between the
processes of osteoclastic resorption and osteoblastic bone
synthesis, both of which are under hormonal control. As part
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of this remodelling process, the greatest amount of bone is laid
down in areas of greatest applied stresses, according to Wolff’s
law.

What are the most common sites of stress
fracture?

Tibial shaft stress fractures constitute about half of lower limb
stress fractures."” Metatarsal stress fractures are the next most
common, occurring in about 10-20% of athletes, particularly

w3 wd

runners.

Femoral shaft and neck fractures constitute 8% of stress fractures
in military personnel and 11% in athletes,’ * although these
injuries may be underdiagnosed.’ In the femur, stress fractures
typically occur in the neck, medial proximal shaft, and distal
shaft.® In one series, femoral neck fracture resulted in 50% of
patients eventually being discharged from military service on
medical grounds.’

Who is at risk of stress fractures?

Risk factors can be broadly divided into extrinsic
(environmental) and intrinsic (to the athlete) (box 1), and these
may be modifiable or non-modifiable. Non-modifiable risk
factors for stress fracture are female sex, white race, and high
bone turnover.” All intrinsic factors are more important in
women and girls than in men and boys.®

A large number of retrospective studies have examined risk
factors for stress fracture with conflicting results. The usefulness
of prospective studies is also limited by variations in definition
of stress fracture and the inability to control all variables.

The role of sex and the female athlete triad

Retrospective and prospective observational studies have not
found female sex to be a risk factor for running injuries other
than for stress fractures,”” *® and there are several contributing
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Summary points

Stress fractures occur mostly in track and distance runners, athletes who take part in field sports, gymnasts, dancers, and military recruits
Consider the diagnosis in sports people with risk factors for bone injury and progressively worsening localised bone pain

Women with the “female athlete triad” are especially at risk of bony stress injury

Magnetic resonance imaging is the most sensitive and specific imaging modality for diagnosing stress fractures

Stress fractures with low risk of non-union can be managed in primary care by modifying sports activity and reducing risk factors

Involvement of a specialist is necessary for fractures at high risk of non-union and operative fixation may be considered

Sources and selection criteria

To write this review we searched Medline, Embase, and the Cochrane Library from inception to October 2011 inclusive using the truncated

» o,

keywords “stress fracture”, “stress injury”, “stress reaction”. The review also draws on our clinical experience.

Box 1 Risk factors for stress fractures

Extrinsic

Training regimen:
Mileage*®

Number of training cycles"®"”
Inadequate recovery/rest periods and training with fatigued muscles®
Running pace*®

Hill (particularly downhill) running*®

Type of exercise: increased risk for running, track and field sports, basketball, gymnastics, and dance'®

Harder training surface'®

Footwear (there is only weak evidence that shoes play any role)® "

Intrinsic
Position: external rotation of the lower limb™

Bone anatomy:

+ Femoral anteversion''

« Leg length discrepancy'

+ Genu varum and genu valgum? 1o
« Narrow tibia"*"®

Muscle: small calf girth*'

Female sex'” *®

Poor nutrition, particularly low calcium intake and low overall energy intake'

Older age (those over 20 years found twice the risk of stress injury as those aged 17-19 years)

Aerobic fitness and sporting experience*™
Previous bone stress injury®” "'

wi7

Smoking

wig

Family history of stress injury’

factors. Studies that showed lower bone mineral density,
menstrual irregularity, and smaller lower limb mass as risk
factors for injury led to the evolution of the term “the female
athlete triad,” and presence of this triad (low bone mineral
density or disordered eating, low body mass index (BMI), and
menstrual irregularity or prolonged absence of menses) or any
of its components increases the athlete’s risk of stress
fracture.® > 7 > Two prospective studies also associated
menstrual dysfunction and poor aerobic fitness with increased
risk of stress injury to the lower limb in female military
recruits.”” ?' A retrospective study of 240 college athletes found
that stress fractures occurred in 49% of female athletes who had
fewer than five menses a year compared with 29% for those
who had 10-13 menses a year.”* In addition, female runners who
were taking oral contraceptives were half as likely to get stress
fractures over the course of a year than those who were not
taking oral contraceptives.** A Finnish prospective study of
female athletes found that those with a BMI of 20-25 had a
lower risk of stress fracture than those with a BMI less than 20,
although the difference was no longer significant after

adjustment for confounding factors.” This trend may be
explained by a lower bone mass leading to more strain on the
remaining bone, which further increases risk of fatigue. A
systematic review of observational studies concluded that female
athletes and military recruits who consumed more than 1500
mg of calcium daily were at lowest risk of stress fracture
injuries."”

How are stress fractures diagnosed and
graded?

History

Patients with stress fracture usually have pain within the bone
of the lower limb, which gradually gets worse and starts to
present earlier in a training session. Progressive injury is likely
when pain starts to be felt during day to day activities. It is
important to locate the pain to help the radiologist interpret any
investigations. Ask about the nature of the athlete’s training
regimen, specifically about recent excessive or sudden increases
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in training and lack of rest days. Ask about risk factors for bony
stress injury as outlined above. Remember that military recruits
are also susceptible. Ask female athletes in particular about
dietary intake. Information on menstrual function, history of
bony injury, or family history of stress fracture can help the
clinician assess the likelihood of stress fracture.

Although stress fractures mostly occur in bones of the lower
limb, in athletes who throw or row, any upper limb pain or rib
pain should increase suspicion of stress fractures in other bones.

Examination

Clinical examination of the affected limb will usually show
localised bone tenderness. Later manifestations of the injury,
usually caused by delayed presentation, include swelling,
bruising, and warmth.

Imaging

Stress fractures are progressive, and their appearance depends
on the timing of imaging. Early diagnosis through correct
imaging will help to avoid unnecessary time out from training
or participation in sport. If stress fracture is suspected on the
basis of clinical findings, encourage the patient to avoid weight
bearing—for example, by using crutches while waiting for
imaging—to reduce the risk of propagation of the fracture. Plain
radiography, radioisotope bone scanning, magnetic resonance
imaging (MRI), and computed tomography are used most
commonly in the diagnosis of stress fractures.

Plain radiographs

A visible fracture on a plain radiograph of the affected limb is
diagnostic. Further imaging is usually needed only for operative
planning in fractures at high risk of non-union (fig 1). However,
plain radiographs often appear normal despite clinical symptoms
and signs suggestive of stress fracture for three months or more
after symptom onset.*

Radioisotope bone scanning

Some authors still refer to stress fractures as “a positive
radioisotope bone abnormality.””” Bone scans are sensitive for
stress fractures but not specific because increased uptake of
radioisotopes is also found in bony infection, inflammatory joint
conditions, and cancer. Bear in mind that the radiation dose for
a bone scan is 75 times the dose of a normal chest radiograph.

Magnetic resonance imaging

MRI is sensitive and specific for stress fractures (fig 4//) and
patients are not exposed to radiation. The advantage of MRI
over plain radiography is that it can detect bone changes—a
“stress response”—earlier, often weeks before changes are
apparent on radiographs, although experience is needed in
interpreting the scan to reduce false positives. It is more sensitive
than bone scintigraphy. MRI also provides information about
surrounding soft tissues, which helps to exclude other potential
causes of localised pain.”® Serial MRI scans are also used to
monitor fracture resolution. The table|| shows a system for
grading the severity of stress fractures on the basis of the results
of imaging techniques.

A recent imaging study suggested that MRI may also show
features consistent with an impending stress fracture of the hip
before a cortical break has occurred.”” If true, this could lead
to earlier diagnosis and possible intervention through
modification of an athlete’s training programme.

Computed tomography

Computed tomography has limited usefulness in the diagnosis
of stress fracture because it has a lower sensitivity than bone
scintigraphy.”® Computed tomography may be used for patients
with contraindications to MRI or those with claustrophobia. In
patients with Arendt grade 4 fractures, it may be used to
establish the extent of the fracture distance and to plan surgery
for displaced fractures or navicular stress fractures.” The
difference between findings on MRI and computed tomography
can help distinguish stress reactions from fracture damage to
the fabric of the bone. A positive MRI scan but negative
computed tomogram suggests a stress response and not a
complete fracture, which has a better prognosis.

Ultrasonography

Early investigation into the usefulness of ultrasound in the
diagnosis of metatarsal stress fractures suggests that it may have
a place as an alternative to MRI,** but further research is
needed.

How can stress fractures be prevented?

The use of periodisation as a training method optimises gains
in performance while minimising the risk of developing a stress
fracture. Training is increased over a three week period and this
is followed by a relative rest week, which allows subsequent
metabolic adaptation to occur. Periodisation was first used in
the training of military recruits, and incorporation of rest days
reduced stress fractures from 7% to 3.8%, after controlling for
other variables, in royal marines.’

Stress fractures can also be reduced by dealing with modifiable
risk factors. The importance of optimal nutrition for athletes,
particularly female athletes, cannot be overstated. Inadequate
intake of calcium and vitamin D, which are both needed in bone
metabolism, and insufficient energy intake are associated with
reduced bone mass.”” A minimum of 1500 mg of calcium is
needed each day.

How are common stress fractures
managed?

Most stress fractures can be managed non-operatively by
modifying or stopping the stressing activity; the more serious
the injury the longer the athlete must rest the limb.” Stress
fractures can be stratified into those with a low risk or high risk
of non-union on the basis of location (box 2), the direction of
loading through the fracture during ambulation, and the natural
course of fracture healing.” Stress fractures classified as being
at high risk of non-union occur in zones of tension or have poor
blood supply

Undisplaced fractures with a favourable natural course that are
in regions of good blood supply and along lines of compression
are at low risk of non-union. For these fractures the underlying
risk factors need to be dealt with and the training regimen
modified to allow osseous healing, while maintaining
cardiovascular fitness.

The general principle of managing low risk stress fractures is
to slowly increase impact loading once ambulation and day to
day activity are pain free. The rate of resumption of activity
depends on the individual and should be modified to suit the
symptoms.*

A review that compared outcomes for stress fractures of the
navicular with those with stress reactions found that long term
outcomes were worse for patients with stress fractures and
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Box 2 Fractures with a low risk and high risk of non-union

Low risk of non-union
Femoral neck fractures of the medial cortex
Tibial shaft fractures of the posteromedial cortex
Fractures of the distal second to fifth metatarsals
Calcaneal fractures
Fractures of the fibula
Fractures of the pubic ramus
Cuboid fractures

Cuneiform fractures

High risk of non-union
Femoral neck fractures of the superior cortex
Tibial shaft fractures of the anterior cortex
Fifth metatarsal, at the diaphyseal-metaphyseal junction
Navicular fractures
Proximal fractures of the second metatarsal
Fractures of the talus
Fractures of the medial malleolus

Sesamoids

suggested that delay in presentation or diagnosis is detrimental
to healing and returning to pre-injury level of participation."”

Fractures in areas of tension—along the anterior portion of the
tibia and lateral femoral neck—or in bones with retrograde blood
supply, such as the talus and navicular, are at risk of delayed
union or non-union and often require operative management.
Surgery aims to create an environment with improved stability
that is conducive to bony union and a timely return to sport.

Tibial stress fractures

Conservative treatments include rest, ultrasound therapy,
extracorporeal shock wave therapy, and, recently, the use of a
pneumatic lower leg brace. The more common posterior stress
fractures respond well to non-surgical treatment, probably
because of improved vascularity posteriorly and reduced
compressive loads.> "

A small prospective randomised controlled trial of low intensity
ultrasound therapy for posterior tibial stress fractures found a
significant decrease in healing time in the treatment group,"”
but it is not clear whether this treatment would be efficacious
for chronic anterior tibial stress fractures. Observational studies
of extracorporeal shock wave therapy report that it is beneficial,
although again no good data support the use of this treatment
for more difficult to treat anterior stress fractures.””

Anterior tibial stress fractures are more likely than posterior
ones to be complicated by delayed union or non-union, and
non-operative management normally takes longer than six
months."” For athletes and military recruits such a long time
away from training and usual physical activity may be
psychologically unacceptable, detrimental to fitness, and a
financial burden. It may represent the end of a career. Surgical
intervention, specifically minimally invasive tibial nailing, has
been described in several case series with promising results
(radiological union at three months and return to play at four
months)."* However, 60% of patients may experience anterior
knee pain, especially when kneeling, or extensor mechanism
disruption. These side effects may be considered unacceptable
outcomes in elite athletes and need to be discussed carefully
with the patient.””

Anterior tension band plating has been proposed as a more
biomechanically sound intervention. In a case series of four

patients who underwent this operation, fractures went on to
unite at a mean of 10 weeks, after an average delay in operative
intervention of 13 months. One patient had symptomatic
irritation from the plate, which was subsequently removed. All
returned to previous levels of sporting participation, which was
Olympic level for two.*”

Metatarsal stress fractures

Most of these fractures occur in the distal second to fifth
metatarsal and if undisplaced can be managed conservatively
with rest and the wearing of a hard soled shoe or walking boot.
The rate of non-union of proximal second and fifth metatarsal
fractures is high, with proximal fifth metatarsal fractures failing
to unite in 20-67% of cases."*"*' Expert advice varies. One
group recommended that non-sclerotic fractures of the fifth
metatarsal can be treated conservatively with a non-weight
bearing cast for six to eight weeks, but that any sign of sclerosis
on imaging indicates the need for operative intervention, with
medullary curettage and bone grafting followed by non-weight
bearing for six weeks."” Another group that reported on the use
of intramedullary screw fixation in a series of 22 patients
achieved 100% union at six to eight weeks. Athletes returned
earlier to sport, albeit with a complication rate of 9%.”

Femoral shaft and neck fractures

Femoral shaft fractures are considered low risk compared with
femoral neck fractures and are usually treated conservatively.
Return to play is guided by pain during activity. A conservative
management algorithm for femoral shaft stress fractures is
shown in fig 5|/.* However, the algorithm is based on findings
from a small case series of high level athletes with an age range
of 17-21 years. It is not clear whether this algorithm should be
used for people in different age groups and with different
sporting abilities, and more research is needed into the optimal
management of femoral shaft stress fractures.

The diagnosis of femoral neck fractures is often delayed and
serious complications can occur. The biomechanics
underpinning stress injuries to the femoral neck are complex.

If late diagnosis and undertreatment occur, patients with
resulting displacement of the femoral head are at high risk of
avascular necrosis, arthritis, non-union, or mal-union."*****
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Displaced fractures must be managed surgically. For undisplaced
stress fractures of the femoral neck, avascular necrosis and
osteoarthritis are unlikely after conservative treatment according
to the findings of a Finnish prospective study that followed up
66 military recruits with undisplaced fracture for an average of
18 years.” Femoral neck fractures that are treated conservatively
should be regularly monitored radiographically to assess
progression, displacement, and complications. A graded return
to sports may be considered when there is radiographic evidence
of a healed fracture and no pain on walking.

In summary, management depends on the risk of non-union.
High risk fractures are managed by surgery or non-weight
bearing pending imaging results, whereas low risk fractures are
managed clinically, depending on symptoms during activities
or training.

Adjuncts in the treatment of stress
fractures: are they helpful?

Supplementary oxygen therapy and hyperbaric oxygen have
been used to promote healing and recovery. However, a 2005
Cochrane review found no evidence to support or refute the use
of hyperbaric oxygen.*

Bisphosphonates have been used in an attempt to hasten return
to play in athletes.” In theory, they work to reduce bone
resorption during the remodelling phase, which may accelerate
bone healing. Prophylactic bisphosphonates in military recruits
did not reduce the incidence of stress fractures.”
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Additional educational resources for healthcare professionals and patients

American Orthopaedic Society for Sports Medicine (http://orthoinfo.aaos.org/topic.cfm?topic=a00379)—A useful resource for explaining
stress fractures to patients using simplified language; the site also discusses the prevention and management of such injuries

Patient.co.uk (www.patient.co.uk/health/Metatarsal-Fractures.htm)—Patient information sheets that can be printed out and given to
specific patients

Questions for future research

Do osteoinductive agents such as bone morphogenetic proteins accelerate stress fracture healing?
Can ultrasound be used to diagnose stress fractures reliably?

Do bisphosphonates have a role in the prevention of stress fractures in athletes?

Table

| Grade of stress fracture based on results of plain radiology, bone scintigraphy, and magnetic resonance imaging29

Grade Radiography Bone scanning Magnetic resonance imaging

1 Normal Mild unicortical uptake Positive STIR (short T1 inversion recovery) image
2 Normal Moderate unicortical uptake Positive STIR and T2 images

3 Discrete line Activity in 50% of bone width Positive T1 and T2 images

4 Fracture or periosteal reaction Bicortical uptake Fracture line
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Figures
Stress fracture
I
High risk of non-union Low risk of non-union
Y I ' Y l Y
Complete fracture line Incomplete fracture line Symptomatic during Asymptomatic or no
on radiography or diagnosed with magnetic participation in sport limitation during activities
computed tomography resonance imaging or bone
scan but negative
computed tomography
Operative intervention Strict non-weight Activity modification Activity as tolerated

bearing or surgery

Fig 1 Simplified management algorithm to help doctors decide between activity modification, non-weight bearing, and
surgery

Cement lines Haversian system

Interstitial lamellae Haversian canal

Fig 2 Mature bone is composed of oriented collagen fibres arranged in sheets known as lamellae. In cortical bone the
collagen fibres are arranged in concentric rings known as Haversian systems. The Haversian systems are surrounded by
cement lines, which are areas of relative weakness, where stress fractures can propagate

Fig 3 The red line illustrates how cracks in bone arise and propagate with repetitive cyclical loading. Clinically important
cracks and stress fractures occur when propagation outstrips repair. Athletes and military recruits experience stress fractures
more often than the general population because they endure more repetitive cyclical loading*
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Fig 4 T2 weighted magnetic resonance imaging scan with typical high signal appearance seen with a stress fracture of the
tibia

Diagnosis

{

Symptomatic phase
3 weeks of non-weight bearing

{

Test |
Negative provocative test: progress to next level ‘

Y

Asymptomatic phase
3 weeks of walking/swimming/upper body exercise

Test |
Negative provocative test: progress to next level ‘

Y

Basic phase
3 weeks of cycling/light weights/graduated running

Negative provocative test: progress to next level

\

Resuming phase
Gradual resumption of training

Test ‘

Fig 5 Algorithm for management of femoral shaft fractures*
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