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“S tress reactions” and “stress fractures” are fatigue-failure injuries of
bone that are commonly diagnosed in competitive, occupational,
and recreational athletes. These overuse injuries result in a mechanical

failure of bone due to the accumulation of microdamage secondary to repetitive
strain episodes. A stress reaction precedes a stress fracture in the bone fatigue-
failure continuum and is hallmarked by bony microfailure without cortical
disruption. These injuries are most common in the lower extremities of endur-
ance and repetitive-motion athletes such as runners, jumpers, skaters, and
soldiers [1,2]. Despite a female predilection in military recruits, in athletes,
there seems to be no difference in incidence between men and women [3].
Next to prompt and proper diagnosis and treatment, return-to-play decision
making can have the greatest impact on an athlete’s recovery. It is therefore
important that athletes be given the best evidence available to guide their time
frame for return to sport and physical activity.
Bone stress-injury treatment and return-to-play decision making is based on

the site of the injury and its corresponding potential for healing and risk of
significant complication. Most stress fractures heal uneventfully with relative
rest and activity modification. These fractures have recently been termed low-
risk stress fractures [4]. Overtreatment of low-risk stress fractures can lead to
deconditioning and unnecessary loss of training and competition. Conversely,
there are anatomic sites that have a predilection for slow or incomplete healing,
a high tendency for recurrence, or a significant risk of complication with pro-
gression of the fracture. Fractures at these locations are termed high-risk stress
fractures [5]. To avoid prolonged or inadequate healing and potentially serious
complications, it is important to be cognizant of these high-risk sites. Prompt
diagnosis and treatment is key to minimize the impact of high-risk stress
fractures on the athlete’s career.
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Successful treatment of stress fractures should not only focus on bony heal-
ing but also address reasons why the injury occurred in the first place. These
reasons can be divided into intrinsic and extrinsic risk factors. Intrinsic risk
factors include biomechanical, hormonal, and nutritional status. Common bio-
mechanical factors leading to recurrent stress fractures include muscle weakness,
low bone density, high longitudinal arches, leg-length discrepancies, and likely
forefoot and knee varus [6–9]. Menstrual irregularities have also been linked to
increased stress fracture incidence in general [10]. The most common extrinsic
risk factor appears to be training errors. For example, training errors have been
shown to increase the risk of stress fractures in military recruits who begin
training in poor physical condition and have high volumes of training [11,12].
Individuals with a history of a previous stress fracture also are at higher risk of
future injuries [13].
Return-to-play decision making is an integral part of the treatment of

stress fractures in athletes. The development of the treatment plan should
include consideration of intrinsic and extrinsic predisposing factors, classifica-
tion and grade of the stress fracture, and the point in the athlete’s career or
competitive season at which he or she presents. The authors stress that each
treatment is individualized for best recovery and prevention of future injuries.
In this article, the authors briefly discuss the pathophysiology and diagnostic
process of stress fractures and expand on the classification of stress fractures and
its impact on return-to-play decision making based on the relative risk of
the fracture.

PATHOPHYSIOLOGY
Stress fractures were first described in military recruits exposed to new cyclic
loading activities. Repetitive loading alters a bone’s microstructure through
remodeling according to Wolff’s law. The result is a stronger bone able to
withstand greater loads [14]. When an athlete begins a new or increases a
current exercise program, an increase in the number and size of microfractures
within the bone occurs. The body responds by increasing oseteoclastic and
osteoblastic activity. Initially, osteoblastic activity lags behind the resorptive
properties of the osteoclasts. This process leaves the bone susceptible to fa-
tigue failure if the area is continually stressed without adequate time for repair
[15,16]. An alternative hypothesis is that muscle dysfunction from overuse
results in focal bending stresses that exceed the structural and physiologic
tolerance of bone.
With continual strain episodes, fatigue failure proceeds through a progres-

sion of microfracture initiation, propagation, and eventual macrofracture. If the
body does not repair the microscopic crack before additional loads are applied,
then the fracture progresses across the bone. This process is termed crack
propagation. Continued propagation and coalescence of the microcracks can
result in macroscopic failure of the bone.
The balance between the creation/propagation of microcracks and the

body’s ability to repair them may be influenced by multiple factors. These
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factors may include the athlete’s hormonal, menstrual, and nutritional status;
muscle function; and genetic predisposition. These factors continue to be studied
and elucidated.
There is a continuum of fatigue failure of bone. Early accumulation of

microdamage is often referred to as a stress reaction of bone. When a clear
fracture line is visible on imaging (CT, MRI, or radiograph), a stress fracture
has developed. Some consider a stress reaction as an early, low-grade stress
fracture. How far the athlete’s injury has progressed on this continuum of early
microcrack formation to complete fracture has bearing on treatment, prognosis,
and return-to-play considerations.

DIAGNOSIS
Most athletes who have stress fractures present with an insidious onset of
progressive pain in a focal area [17]. Initially, pain is present only with activity
and may be associated with localized muscular soreness. As the fracture con-
tinues to develop, the pain usually begins to affect performance, and with
continued training, pain persists into activities of daily living. In more severe
cases, pain becomes continual.
Physical examination usually demonstrates tenderness within a localized area.

There may also be painful loss of joint motion or muscular tightness surround-
ing the injury. With more severe cases, there may be swelling or palpable
irregularities at the fracture site.
Many imaging modalities are helpful in the diagnosis of stress fractures. Plain

radiographs are useful when positive, but the findings may be subtle and may
not accurately depict the severity of the injury. This is especially true if the
radiograph is taken within the first few weeks of the injury. Bone scans have
traditionally been used in the diagnosis of stress fractures because of their high
sensitivity [18]. The sensitivity has been shown to be 84% to 100% within 3 days
of symptoms [19]. Bone scans, however, are not as specific as other modali-
ties. Bone scans are also time-consuming for the patient. Because the uptake
can persist for months after clinical healing, bone scans are not as useful in
follow-up care.
The two other imaging techniques that have become more useful in the

diagnosis and management of stress fractures are CT and MRI. CT is
less expensive and offers eloquent bony detail including fracture location,
orientation, and extent and signs of healing. It is particularly helpful in
areas such as the tarsal navicular to determine whether the fracture is com-
plete or incomplete [20]. MRI has become the method of choice for many
physicians because of its availability, speed, and the amount of informa-
tion that is provided [21–23]. Its sensitivity is similar to that found with bone
scan, but MRI is capable of showing more precise location and extent of frac-
ture [24]. For tibial stress injuries, one study demonstrated the specificity and
the positive predictive values to approach 100% [22]. T2-weighted images not
only show the fracture site but also accurately confirm the degree of marrow
edema [25].
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CLASSIFICATION
The classification of stress fractures into high risk or low risk has been suggested
by multiple authors [4,5,26]. This distinction allows the medical staff to quickly
determine whether they can be aggressive or conservative with their decision to
return an athlete to participation. Low-risk stress fractures include the femoral
shaft, medial tibia, ribs, ulna shaft, and first through fourth metatarsals—all of
which have a favorable natural history. These sites tend to be on the compres-
sive side of the bone and respond well to activity modification. Low-risk stress
fractures are less likely to recur, become a nonunion, or have a significant
complication should it progress to complete fracture. Management of these
injuries is discussed later and is guided primarily by the individuals’ symptoms.
In comparison to low-risk stress fractures, high-risk stress fractures do not

have an overall favorable natural history. With delay in diagnosis or with less
aggressive treatment, high-risk stress fractures tend to progress to nonunion or
complete fracture, require operative management, or recur in the same location
[27]. High-risk stress fracture locations include the femoral neck, the patella, the
anterior tibial diaphysis, the medial malleolus, the talus, the tarsal navicular, the
proximal fifth metatarsal, and the first metatarsal phalengeal seasmoids. It is clear
that location determines whether a stress fracture is low risk or high risk.
In addition to knowing the classification of a stress fracture as high versus

low risk as determined by its anatomic site, the extent of the fatigue failure or the
grade of the stress fracture is also needed to completely describe the injury. As
mentioned earlier, stress injuries to bone create a continuum, from mild micro-
failure to cortical disruption to complete fracture. There have been two pre-
viously published grading scales for the stress reaction/fracture continuum. The
scale published by Arendt and Griffiths [21] has been used for the femur, tibia,
fibula, navicular, calcaneus, and forefoot, whereas the scale published by
Fredericson and colleagues [28] was developed using data for the tibia alone.
Both scales consider grade 4 to be a complete stress fracture and grades 1 to 3 to
be increasing levels of periosteal changes and marrow edema. One large study by
Arendt and Griffiths [21] demonstrated that grade 3 and 4 injuries took longer
to heal than grade 1 and 2 injuries. This study demonstrated that the grade of
injury has prognostic implications regarding the time of healing. The manage-
ment of bony stress injuries should be based on the location and grade of the
injury. These two details give the amount of microdamage that has accumulated
and whether it is a high- or low-risk injury. The following discussion focuses
on treatment and return-to-play strategies for stress fractures depending on their
anatomic location and associated classification as high or low risk.

MANAGEMENT OF AND RETURN-TO-PLAY STRATEGIES FOR
LOW-RISK FRACTURES
Return-to-play decisions continue to challenge sports medicine practitioners. In
the modern era of evidence-based decision making, practitioners continue to be
faced with scenarios in which the best available evidence is expert opinion.
Many factors need to be discussed with the athlete, and none of these is more
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important than the risks of continued participation, particularly in the setting of
an ongoing injury. Low-risk does not equate to no risk for any athlete with a
stress fracture. A treatment plan should always be tailored to the individual’s
athletic and personal goals, with an honest discussion of the risks and benefits
of continued participation versus relative or absolute rest. In the treatment of
low-risk stress fractures, a major consideration is often where the athlete is in
his or her competitive season.
Athletes at the end of a competitive season or in their off season often desire to

be healed from their stress fracture before resumption of preseason training or
competition. For these athletes, treatment includes relative rest and activity
modification to a pain-free level. The acceptable level of activity differs for
each athlete and may include discontinuation of only the aggravating activity
alone, discontinuing all training activities, or placing the patient on non–weight-
bearing status (Table 1). To maintain fitness, athletes should be allowed to
cross-train if it is pain-free. Frequent cross-training activities include cycling,
swimming, and aqua-running. Low-risk stress fractures usually heal when
the athlete is limited to pain-free activity for 4 to 8 weeks [26]. This period of
healing is an ideal time to assess the modifiable risk factors that may decrease
the chance for recurrent injury. Gradual increase in activity (activities of daily
living) should begin after the athlete is pain-free and the site is nontender [26].
Table 1
Low-risk stress fracture treatment guide

Symptoms Goal Treatment suggestions

Any level of pain Heal injury Titrate activity to a pain-free level
for 4–8 w depending on the
grade of injury
Braces/crutches
Modify risk factors

Pain with no functional limitations Continue
participation

Titrate activity to a stable or
decreasing level of pain
Closely follow
Modify risk factors

Pain with functional limitation Continue
participation

Decrease activity level to point at
which pain level is decreasing and
until a functional level of pain has
been achieved, then titrate activity
to stable or continued decrease
level of pain
Modify risk factors

Limiting pain intensifies despite
functional activity modification
(ie, unable to continue to
perform at any reasonable
functional level despite activity
modification)

Heal injury Complete rest
Immobilization
Surgery
Modify risk factors
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Although there are no supporting data, a common recommendation is that no
more than a 10% increase in activity should be added per week of training.
In contrast, athletes in the midst of their competitive season with low-risk

stress fractures often desire to finish the season and treat for a cure later. A
treatment plan for these individuals should be based on their ability to function
at the time of diagnosis. Those athletes who present with pain without functional
limitation should be able to continue participation, using pain to guide their
activities (see Table 1). They may continue to train and compete at a level that
does not cause the pain to intensify. Hence, relative rest and activity modifica-
tion are titrated to the level of discomfort. When athletes who have low-risk
stress fractures have pain that limits their function, they should be treated with
activity modification for training and activities of daily living until the pain
decreases to a functional level. The goal is to decrease the repetitive stress at the
fracture site enough to allow the body to restore the dynamic balance between
damage and repair. This strategy may include decreasing volume and inten-
sity of activity, equipment changes, technique changes, or cross-training. One
benefit to such a strategy is that the athlete typically does not suffer a substantial
loss of conditioning or competition while allowing their body to repair the
bone injury. If their pain intensifies and activity modification alone is inadequate
for recovery, then treatment should be intensified to include complete rest,
immobilization, or surgical intervention.
Athletes diagnosed with a stress reaction or low-grade injury at a low-risk site

should follow treatment guidelines similar to those of a higher-grade injury. The
major difference is the expected time of treatment and the degree of relative rest
required. It has been shown that grade 1 and 2 stress reactions can heal with no
changes in activity level [29]. In Arendt and Griffith’s [21] study, return to full
activity for early stress injuries (grade 1, 3.3 weeks; grade 2, 5.5 weeks) was
significantly faster than for more severe injuries (grade 3, 11.4 weeks; grade 4,
14.3 weeks). This finding stresses the importance of temporarily modifying
activity to the level at which symptoms and injuries do not progress. This
study also demonstrated the value of grading the severity of the fatigue failure.
A low-grade stress fracture at a low-risk site has a better prognosis for time to
recovery than a higher-grade injury at the same low-risk site.
In addition to modification of activities, there are treatment modalities that

have been shown to increase the healing rate and decrease the time to return
to play. For example, in the treatment of tibial stress fractures, the use of
pneumatic leg braces has been effective in reducing healing time [30]. It is also
important to evaluate the nutritional history, menstrual history, training sched-
ule, and equipment use of any athlete with a bone stress injury before returning
the athlete to play.

MANAGEMENT OF AND RETURN-TO-PLAY STRATEGIES FOR
HIGH-RISK FRACTURES
Return-to-play considerations for athletes who have high-risk stress fractures
are more difficult than for low-risk stress fractures (Table 2). In general, return
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should be recommended only after proper treatment and complete healing of the
injury. As previously mentioned, high-risk stress fractures have more frequent
complications such as delayed union, nonunion, and refracture. High-risk stress
fractures also have a significantly poorer prognosis should they progress to
complete fracture. The treatment for high-risk stress fractures should be based
on the immediate goal of preventing any progression of the fracture and
avoiding delayed healing, nonunion, or refracture. Depending on the exact
site and grade of the high-risk stress fracture, this treatment often requires
absolute rest or internal fixation. Avoiding delay in diagnosis of a high-risk
stress fracture is key to minimizing the risk of potential complications. If radio-
graphs do not demonstrate a stress fracture but the history and examination
are concerning for a stress fracture in a high-risk area, then further imaging
should be pursued to exclude a stress fracture before returning the athlete to
play [5]. Because of the significant complications associated with injury progres-
sion, it is suggested that individuals who have evidence of a high-risk stress
fracture do not continue to participate in their activity. Depending on the site of
the high-risk stress fracture, prolonged immobilization with non–weight-bearing
restrictions or operative management are often the treatments of choice.
The low-grade injury at a high-risk location should be managed with the goal

of healing based on the individuals risk for reinjury and desired speed of re-
covery. Most early stress reactions at high-risk sites (grades 1 and 2) heal with
nonoperative management [5]. A period of rest to eliminate the individuals’
symptoms and a return to training with activity modification is suggested for
early stress reactions at high-risk sites.
The key difference between a low-grade stress fracture at a high-risk versus a

low-risk location is that an individual who has a low-grade fracture at a low-risk
site can be allowed to continue to compete but an individual who has a low-grade
fracture at a high-risk site needs to heal before full return to activity. This
difference is due to the marked increased risk of significant complication with
fracture progression at the high-risk site. This risk is unacceptable in the vast
majority of cases. For example, a runner may be allowed to continue to run with
stable and tolerable pain with a second metatarsal stress fracture but not a
superior femoral neck stress fracture. The risk associated with progression of
the second metatarsal fracture is minor compared with the risk of progression
of the femoral neck stress fracture. Regardless of grade and location, the risk of
continued participation should be discussed with each athlete.
The management of each fracture should be individualized. For example, a

recreational runner with a low-grade stress reaction of the fifth metatarsal can be
treated with an ankle-foot orthosis boot and cross-training until symptoms
resolve and healing is noted radiographically. Cross-training can maintain fitness
at high levels [31,32].
Highly competitive athletes who place a greater amount of stress at these

high-risk locations are at increased risk for fracture progression and reinjury
and, in the opinion of the authors, should be managed aggressively. For
example, a competitive runner with a grade 3 stress reaction of the fifth meta-
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tarsal should consider operative management because of the reported high
incidence of recurrence at the same site after healing with nonoperative methods.
This aggressive treatment may prevent the athlete from having a repeat injury in
a subsequent season. Similarly, running athletes with anterior cortex stress
fractures of the tibia may return to activity faster with surgical management
compared with conservative treatment.
In summary, surgical intervention may be considered for high-risk stress

fractures for several reasons. Surgical intervention may speed healing of the
fracture and allow earlier return to play (the tibial shaft dreaded black line is
often nailed to achieve this goal). Another indication for surgical intervention
may be to prevent refracture (eg, the internal fixation of a proximal fifth metatar-
sal stress fracture). A third indication for surgery is to prevent a catastrophic
fracture progression (eg, the internal fixation of a femoral neck stress fracture).

UPPER EXTREMITY
Upper-extremity stress fractures account for less than 10% of all stress fractures
and are commonly found in throwing athletes and rowers. There has been
increased attention focused on upper-extremity stress fractures in recent years.
Upper-extremity stress fracture sites are primarily considered low risk and
heal with activity modification alone. The one exception may be an olecranon
stress fracture in a competitive thrower. This stress fracture heals well before
a fracture line forms with conservative management [33]; however, if a true
stress fracture line is found in a throwing athlete’s olecranon, then the individual
may be better served with internal fixation (level C and D) [34].

SUMMARY
Stress fractures are common injuries, particularly in endurance athletes. Stress
fracture management should take into consideration the injury site (low versus
high risk), the grade (extent of microdamage accumulation), and the individual’s
competitive situation. Low-risk stress fractures usually respond well to non-
operative management, and treatment is largely guided by the patient’s symp-
toms. High-risk stress fractures should be treated more aggressively with
absolute rest or surgical fixation, with the goal of fracture healing and minimiz-
ing risk of complete fracture or refracture. The overall goal of treatment is to
allow activity and avoid deconditioning when appropriate, while minimizing
the risk of significant complication to the athlete. Overtreatment of low-risk
stress fractures can result in unnecessary deconditioning and loss of playing
time. Undertreatment of a high-risk stress fracture may place the athlete at risk
of a significant complication, putting the athlete’s career at risk. Understanding
the classification and grade of stress fractures and their implications on return-
to-play decisions is key to optimal care of the athlete.
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