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The increase of athletics in the lives of women has been muted by their
rate of lower limb musculoskeletal injury. Stress fractures and knee overuse
injuries, in particular, have become epidemic in female running athletes. The
putative “female athlete triad” and subsequent bone demineralization has
led to higher rates of stress fractures among women. Knee injuries, including
patellofemoral pain and iliotibial band syndrome, are extremely common in
sports medicine and occur with a much higher incidence in female runners.
These entities are discussed in detail in this following article.

Stress fractures
Bone basic science

Injury to bone encompasses an array of defects of bone architecture from
bone strain to stress reaction to nondisplaced stress fracture to displaced
fracture. Essentially, these injuries occur when bone fails to remodel
adequately with the application of repetitive subthreshold stress. Because
running and jogging involve ground reaction forces that are three to eight
times greater than walking, distance runners and track athletes are
particularly prone to developing stress fractures.

An understanding of bone basic science is needed to illuminate the
etiologies and treatment principles for stress fractures. Bone is a highly
organized and dynamic living tissue with metabolic and structural
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components. These components are interdependent and responsive to each
other. The metabolic component involves mineral homeostasis and bone
remodeling, whereas the structural component involves maintaining skeletal
integrity and bone remodeling.

At the microscopic level, bone has two forms, woven and lamellar.
Woven bone is an immature type that is found in the embryo and newborn;
lamellar bone is more mature bone and, through remodeling, replaces
woven bone by 4 years of age [1]. It is more highly organized, with stress-
oriented collagen that makes it anisotropic (mechanical properties differ
depending on the direction of applied force) [2].

Normal lamellar bone is organized structurally into cortical (compact)
bone or cancellous (trabecular) bone. Cortical bone makes up 80% of the
skeleton and is composed of tightly packed osteons or haversian system.
Osteons usually are oriented in the long axis of the bone and are connected
by haversian canals [3]. Cortical bone is found principally at the diaphysis of
long bones and the shell of cuboidlike bones, such as vertebral bodies or
tarsal and carpal bones. Cortical bone is characterized by eight times slower
metabolic turnover compared with cancellous bone and four times greater
mass. Most stress fractures in runners occur in cortical bone (Box 1).

Cancellous (trabecular) bone is found principally at the metaphysis and
epiphysis of long bones and in cuboidlike bones. It is less dense and
undergoes more stress remodeling. Clinically, bone mineral density (BMD)
studies measure areas that contain mostly cancellous bone (vertebral bodies,
femoral trochanter, and sacrum) because of its earlier/greater rate of bone
turnover and its greater likelihood of demonstrating a change in BMD.

There are three major types of bone cells: osteoblasts, osteocytes, and
osteoclasts. Osteoblasts are derived from undifferentiated mesenchymal
cells. They line the surface of bones and function primarily to produce bone
matrix (type I collagen and osteocalcin). Osteoblasts have receptors for
parathyroid hormone (PTH) and 1,25-dihydroxyvitamin D [1,4]. In general,
these hormones function systemically by way of an osteoblastic mediator.
PTH directly inhibits osteoblastic formation of osteocalcin, whereas 1,25-
dihydroxyvitamin D stimulates osteocalcin formation. Locally, an osteo-
blast is stimulated by several growth factors, including transforming growth
factor—B-1, -2, and -3; bone morphogenic proteins 1-7; insulin-like growth
factors I and II; and acidic and basic fibroblast growth factor [1,4].

Box 1. Frequent sites of stress fractures in runners (by order
of incidence)

Tibia

Metatarsal

Fibula
Navicular
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Osteocytes are former osteoblasts that have become surrounded with
bone mineral matrix (calcified bone). Osteocytes function to maintain bone
and control extracellular concentrations of calcium and phosphorus. The
final cell type, osteoclasts, is derived from hematopoietic precursors and
function to resorb bone. They bind to the bone surface and resorb an
isolated area of bone by dissolving the hydroxyapatite crystals and digesting
the collagen. Osteoclasts have specific receptors for calcitonin and, when
bound, calcitonin directly inhibits bone resorption. Osteoclasts do not have
receptors for PTH or 1,25-dihydroxyvitamin D, and therefore, are
stimulated indirectly by these hormones through an osteoblast-mediated
mechanism to increase bone resorption [1].

The macroscopic composition of bone differs depending on site, age,
diet, and disease. In general, the mineral or inorganic phase accounts for
60% of the tissue, the organic phase accounts for 35%, and water accounts
for the remaining 5%. The mineral or inorganic phase consists of crystalline
calcium hydroxyapatite (Ca;o(POg4)s(OH),). It is responsible for the
compressive strength of bone. The organic phase consists of 90% type I
collagen and is responsible for the tensile strength of bone. The remainder of
the organic phase consists of proteoglycans, matrix proteins, growth factors,
and cytokines.

In general, the expected age of peak bone mass accrual is between 25 and
30 years [4]. After this age, men and women gradually lose bone mass. Girls
seem to acquire most of their bone mass at an earlier age than boys (age 11—
14 years compared with 13—17 years) [4,5]. Women who are postmenopausal
or hypoestrogenic for other reasons have accelerated bone loss that is due to
increased bone resorption compared with formation. Therefore, female
athletes who are hypoestrogenic during adolescence can accrue a lower peak
bone mass, which might be an irreversible problem after a certain age [4,6,7].
Using bone turnover markers, it was observed that amenorrheic runners
have a reduced bone turnover, especially in bone formation, compared with
eumenorrheic runners. This is believed to be linked to the various endocrine
abnormalities (including hypoestrogenemia), low body mass index, and low
energy intake relative to expenditure [8]. Recent studies suggest that the
altered energy balance ultimately may cause this imbalance in bone
homeostasis. Chronic undernutrition and acute dietary energy restriction
are accompanied by reduced bone formation. The latter also has been
associated with depressed levels of insulin-like growth factor 1, a hormone
that was shown to stimulate the production of type I collagen [9-11].
Uncoupling of bone formation and resorption can be seen with restricted
energy availability as little as 126 kJ/kg of lean body mass/d [12].

Bone remodeling

According to Wolff’s Law, bone has a cellular and molecular remodeling
response to applied mechanical stress. The bony adaptation is a function of
the number of loading cycles, cycle frequency, amount of strain, strain rate,
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and strain duration per cycle [13]. Cortical and cancellous bone remodel
continuously by osteoclastic and osteoblastic activity. This remodeling
occurs throughout life and is affected by multiple factors, including metabolic
state, nutritional status, menstrual patterns, age, sex, level of fitness, and
ethnicity. Bone also responds to piezoelectric changes. Tensile forces create
electropositivity, and thereby, stimulate osteoclastic activity [13]. Compres-
sive forces create electronegativity, and thereby, stimulate osteoblastic
activity. Most cortical stresses in nature are tension. Torsion or twisting
provides tension circumferentially, whereas bending produces tension on the
convex side and compression on the concave side. Tension forces were shown
to result in microfracture and debonding at cement lines [14].

Clinically, this concept becomes important in the treatment of femoral
neck stress fractures. Compression-side injuries (on the medial inferior
cortex of the femoral neck) heal much better than traction-side stress
injuries (on the lateral superior cortex of the femoral neck). Because of their
robust ability to heal, nondisplaced compression-type stress fractures
typically are treated with nonweight bearing until the patient becomes
pain-free, which may take several days to weeks. Tension-type femoral neck
stress fractures may fail to heal adequately with serious sequela, such as
avascular necrosis, malunion or nonunion, or varus deformity. Thus,
tension- side fractures often require internal fixation.

Stress injury

Stress injury occurs on a continuum from normal bone remodeling and
repair to frank cortical fracture. Overall bone health depends on mechanical,
hormonal, nutritional, and genetic factors. The susceptibility of bone to
fracture under fluctuating stresses is related to the crystal structure and
collagen orientation of the osteon. Fatigue load under certain strain rates
can cause progressive accumulation of microdamage [15]. When such
a process is prolonged, bone eventually may fail through crack propagation.
Bone simultaneously repairs these cracks by new bone formation at their
tips, and thereby, decreases the chance for propagation.

Stress injury of bone is the result of excessive bone strain with
accumulation of microdamage and inability to keep up with appropriate
skeletal repair (fatigue reaction/fracture), or depressed bony remodeling in
response to normal strain (insufficiency reaction/fracture). The former
situation most likely occurs in athletes and military recruits. The latter most
likely occurs with the female athlete triad, metabolic bone disease, and
osteoporosis. Sacral insufficiency stress fractures have been found to occur
in female runners and often mimic the presentation of sacroiliitis. There also
may be a component of reperfusion injury following prolonged strenuous
exercise that results in bone tissue ischemia. This may help to explain how
some stress fractures occur in cortical bone areas of lower strain and when
intracortical osteopenia precedes evidence of microscopic cracks [16].
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An additional consideration in the athletic population is training
regimens and stress injury. Muscles exert a protective effect on cortical
bone by acting as the major shock absorber. With muscle contraction,
cortical bone surface bending strains are reduced [17,18]. In most weight-
bearing bones it is believed that with muscle fatigue, the shock-absorbing
effect is lessened and more force is transmitted directly to bone which
increases the likelihood of microdamage accumulation. In nonweight-
bearing and some weight-bearing bones, repetitive contraction of the muscle
at its insertion may generate enough force to cause stress-induced injury
[19].

Etiology of stress fractures

Numerous factors contribute to the risk of stress fractures in runners,
particularly female athletes; however, many of these proposed etiologies
remain unproven. Much of the research that investigates stress fracture risks
has been done in male subjects and military recruits; therefore, findings may
not necessarily be generalized to female athletic populations. Furthermore,
many risk factors for stress fractures are interrelated and methodologically
are difficult to analyze independently.

The etiology of stress fractures is multifactorial; individual athletes vary
in their susceptibility to stress injury. Risk factors (Box 2) are divided into
extrinsic (characteristics of the environment in which the athlete trains or
competes) and intrinsic (characteristics of the athlete herself) types.

Extrinsic risk factors

Training regimen. High training volume is a major risk factor in stress
fracture development. Multiple studies in runners demonstrated that higher
weekly running mileage correlates with increased incidence of stress
fractures [20] and overall running injuries [21-23]. Ballet dancers who train
for more than 5 hours per day have a significantly higher stress fracture risk
than those who train for less than 5 hours daily [24].

Abrupt or rapid changes in duration, frequency, or intensity of training
programs also increase an athlete’s risk of stress fracture. Reducing the
intensity or frequency of the training program led to fewer stress fractures in
female and male military recruits [25-27]; however, this intervention has not
been studied in athletes.

Footwear. Athletic footwear is designed to reduce impact on ground contact
and provide stability by controlling foot and ankle motion [28]. Shoe age is
a better indicator of shock-absorbing quality than shoe cost. Gardner et al
[29] showed that training in shoes that are older than 6 months increases the
risk for stress fracture; however, there has been no association between shoe
cost and stress fracture risk [29]. A woman’s foot has a greater forefoot to
hindfoot ratio, which can result in poor shoe fit and leave the hindfoot less
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Box 2. Risk factors for stress fractures

Extrinsic
Training regimen
Footwear
Training surface
Type of sport

Intrinsic
Demographic factors
Gender
Age
Race
Aerobic fitness
Muscle strength
Flexibility
Biomechanical factors
Bone mineral density
Bone geometry
Anatomic factors
Foot morphology
Leg length discrepancy
Knee alignment
Hormonal factors
Delayed menarche
Menstrual disturbance
Contraception
Nutritional factors
Low calcium and vitamin D intake
Disordered eating

supported. Custom made biomechanical shoe orthoses that place the foot in
neutral subtalar position and absorb shock decreased the overall incidence
of stress fractures in infantry recruits [30,31]; however, this may not be
applicable to running athletes [32].

Training surface. The surface on which an athlete trains also may contribute
to her risk of stress fracture. Theoretically, training on uneven surfaces
could increase the risk of stress fracture by causing increased muscle fatigue
and redistributing load to bone. Hard or less compliant surfaces, such as
cement, also could increase stress fracture risk through higher mechanical
forces being transmitted to bone during impact. It is difficult to control for
and quantify training surface in observational or prospective studies;
however, a correlation was demonstrated in some studies [21,33], whereas



STRESS FRACTURES & KNEE INJURIES IN RUNNERS 755

others showed no effect [20,23]. One small study found treadmill runners to
be at lower risk for developing tibial stress fracture, but also less likely to
achieve tibial bone strengthening, than overground runners [33].

Type of sport. An Australian study in 1994 quantified the rate of stress
fracture in men and women in different sports. In this study, the percentage
of athletes per season who had stress fractures were as follows: softball
6.3%, track 3.7%, basketball 2.9%, tennis 2.8%, gymnastics 2.8%, lacrosse
2.7%, baseball 2.6%, volleyball 2.4%, crew 2.2%, and field hockey 2.2%
[34]. Sprinters, hurdlers, and jumpers tended to have more foot fractures,
whereas middle and long-distance runners had more long bone and pelvic
fractures [35]. Rowers and golfers have increased rates of rib stress fractures
[36,37].

Intrinsic risk factors

Demographic factors. Most studies have found that women have a higher
incidence of stress fractures. It is probably multifactorial, and secondary, at
least in part, to gender-associated risk factors, such as dietary deficiencies,
menstrual irregularities, lower BMD, and narrower bone width. Gender
differences in muscle physiology, especially neuromuscular control, also may
be to blame. Several studies have shown that women have a slower rate of
force development in the muscle [38—40].

In the U.S. military, the risk of stress fractures in female recruits who
undergo the same training program as men is up to 10 times higher [4]. This
increased risk also has been observed in athletic populations [34,41,42].
Bennell et al [35] reported no difference in the overall stress fracture
incidence between male and female athletes; however, the data seem to show
a trend for a higher risk of stress fractures in women when the amount of
training hours were taken into account. Women, however, seem to have
more femoral neck, metatarsal, and pelvic stress fractures than men [43].
Further research is needed to determine whether the apparent higher
incidence of stress fractures in women is independent of other known risk
factors.

The role of age as a risk for stress fractures in female athletes is not
established. Studies in military recruits have been inconsistent, with some
finding an increased risk of stress fractures with increasing age [44,45] and
others finding a decreased risk [29,46—48] or no effect [49,50]. This lack of
agreement is most likely due to confounding factors, such as previous
physical activity level, hormonal status, BMD, and training level. Most
studies in athletic populations have not found a correlation between age and
stress fracture risk, although rigorous studies that controlled for other
possible confounding variables are lacking.

The incidence of stress fractures is significantly higher in white and Asian
women than in African American women [29,44-46]. This is believed to be
related to differences in bone turnover and peak bone density and not to
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race independently. It also seems that ethnic differences in bone
mineralization and bone integrity in athletes are mediated by heritable
differences in titratable acid, sodium, and calcium excretion [51].

Previously inactive or less active military recruits have a higher incidence
of stress fractures compared with those who are active before beginning
basic training [29,48,49]. Several possible factors include decreased aerobic
fitness, decreased muscle strength, lower endurance, and poor flexibility. A
study of military recruits found no association between aerobic fitness
(predicted Vo-max) and stress fracture risk [52]. It is unlikely that aerobic
fitness alone accounts for the difference [53,54]. The role of flexibility on
stress fractures has not been well-defined [35,47,55].

Biomechanical factors. Lower BMD, especially of the femoral neck, was
associated with an increased risk of stress fractures in the female athlete [56].
Although there are published case-control studies that support [57] and
refute [49] this finding, Bennell and colleagues [53] were the first to examine
this prospectively. They found that lower BMD in the lumbar spine and foot
were significant predictors of later stress fracture development in female
track and field athletes. Of note, an athlete with an apparently normal BMD
(due to the increased bone loading of sport) may be at increased risk of
stress fracture if she falls below the mean among female athletes. It also was
observed in athletic females that cancellous stress fractures correlate with
early onset osteopenia by Dual Energy Xray Absortiometry scan much
more so than cortical bone stress fractures [58]. This indicates the necessity
of bone density evaluation in any young woman who has a cancellous stress
fracture. Menstrual disturbance and lower BMD most likely are not risk
factors that are independent of each other, but are interrelated; amenorrheic
athletes have lower BMD and higher stress fracture incidence [59].

The amount of force that a bone can withstand is proportional to its
cross-sectional area and cross-sectional moment of inertia (a measure of
bone resistance to bending). Studies of military personnel found these
parameters to be significantly lower among those who develop stress
fractures [60-62]. They also found that of persons who sustained femoral,
tibial, or foot stress fractures, 31% had narrowed tibial width compared
with those without fracture [63]. This narrowed tibial width may be an
indicator of biomechanically weaker skeletal structures. It is hypothesized
that women are likely to have overall narrower bones than men [64]; this is
a possible contributing factor to the higher incidence of stress fractures in
women.

Anatomic factors. The structure of the foot helps to determine how much
ground contact force is absorbed in the foot and how much is transferred to
the bones of the leg and thigh. A rigid, high-arched foot (pes cavus) absorbs
less stress and transmits greater force to the tibia and femur. A flexible,
low-arched foot (pes planus) absorbs more force in the foot itself and
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transmits less to the tibia, fibula, and femur. One military study that
evaluated foot morphology found that persons who had the highest arches
sustained 3.9 times as many stress fractures as those who had the lowest
arches [65]. Other studies [65,66] suggest that individuals who have pes
cavus seem to be at increased risk of tibial and femoral stress fractures,
whereas those who have pes planus may sustain more metatarsal stress
fractures. Other investigators have not found a significant correlation
between foot structure and stress fracture risk [20,53]. It is possible that pes
planus and pes cavus foot structure may increase the risk of stress fracture
at various sites, but this has not been evaluated adequately or proven.

Leg length discrepancy also has been associated with an increased risk of
stress fractures in female athletes [20,53]. The degree of leg length difference
may correlate with increasing stress fracture risk [67]; however, one study of
male military recruits did not confirm this relationship [68]. It is reasonable
to evaluate and correct significant leg length discrepancy in runners,
especially those with other stress fracture risks.

Valgus knee alignment and quadriceps angle greater than 15° also may
increase the risk for tibial stress fracture [68,69].

Hormonal factors. Female athletes, in general, reach menarche at a later age
than nonathletes, particularly those in certain sports, such as ballet,
running, and gymnastics [70,71]. Delayed menarche may cause lower peak
bone mass attainment or may be a marker for other possible influences on
stress fracture risk, such as low body fat, low body weight, future menstrual
disturbance, or excessive training. The effect of this delay on bone health
and risk of stress fractures is not well-studied; however, some studies suggest
that osteopenia, stress fracture, and scoliosis may be potential complications
of delayed menarche [53,71]. Scoliosis, in particular, has been observed in
female ballet dancers with delayed menarche [71]. This also may lead to
pelvic obliquity and relative leg length discrepancies and the potential for
increasing the risk for stress fracture.

Multiple studies have demonstrated that stress fractures occur more
commonly in women who have amenorrhea or oligomenorrhea than in
eumenorrheic women [17,46,48,53,57,71]. Athletes who have menstrual
disturbances have low basal estrogen concentrations [72] and a lower BMD
than eumenorrheic athletes [73]. It was hypothesized that estrogen depriva-
tion increases the physiologic set point for bone modeling and remodeling and
makes it more difficult to activate the cellular response that is necessary to
induce bone adaptation to stress [4,74] and increases the risk of stress
fractures. Health care providers, athletes, coaches, and parents need to be
aware that menstrual disturbance is not a normal product of training and that
such disturbances can have devastating consequences. Menstrual disturban-
ces also are seen in association with disordered eating and endothelial cell
dysfunction (see ““The female athlete Triad,” below). Therefore, athletes who
have menstrual irregularity should be evaluated further.
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Some studies have shown that oral contraceptive pills (OCPs) have
a protective effect in preventing stress fractures in female athletes [17,75]. It
seems that exogenous estrogen may help to curb further bone loss in the
hypoestrogenic amenorrheic athlete; however, it may not be sufficient to
stimulate bone growth [71,76-79]. Several small studies among amenorrheic
women or those who had anorexia found that BMD at the lumbar spine or
hip was higher for those who were taking OCPs compared with those who
were not [76,77,80], whereas others showed no significant change [71,78]. It
also was theorized that OCPs may act through another mechanism, such as
improving bone microarchitecture and quality without significantly affecting
BMD [4]. To add to the controversy, a recent German study by Hartard
et al [81] showed that OCP use is associated with decreased BMD of the
spine (7.9%) and the femoral neck (8.8%) in female endurance athletes
compared with non-OCP users. They also found that early age at initiation
of OCPs was an important risk factor for low peak bone mass in young
women. Based on the conflicting results from research and the lack of well-
controlled studies, it is difficult to assess the effects of OCPs on skeletal
health in normally menstruating women. In those who have menstrual
disturbances, OCPs or other hormonal replacement therapy may be effective
in preventing further bone loss; however, resumption of menses may mask
an underlying nutritional disorder and provide a false sense of security.
Recent evidence also suggests that depomedroxyprogesterone may contrib-
ute to impaired bone accretion and low BMD, and it should be avoided in
young women [82].

Nutritional factors. Low calcium intake is associated with low BMD [83],
and therefore, may contribute to the development of stress fractures.
Myburgh and colleagues [57] observed an association between decreased
calcium intake and increased stress fracture risk. Other studies found no
association between calcium intake and stress fracture risk; groups that did
and did not have stress fractures had normal calcium intake [13,84,85].
Athletes whose calcium intake is less than the daily-recommended value are
likely to be at risk for stress fractures, but for those who have a normal
dietary calcium intake, other factors play a larger role.

Vitamin D also is essential to bone health and functions, including
stimulating calcium transport, osteoblastic stimulation, and decreasing
parathyroid hormone. Recent studies focus on the role of the vitamin D
receptor allele in predicting bone density. More research is necessary to
determine the clinical applications of its use in screening [86—88].

Inadequate caloric intake relative to energy expenditure that is required
for seems to be the primary mechanism by which female athletes are
predisposed to menstrual dysfunction and detrimental effects on bone.
Anorexia nervosa has been associated with a significantly decreased BMD
[7,89]. Nearly 75% of adolescent girls who had anorexia had a BMD that
was more than two standard deviations below the normal value [90]. Not
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surprisingly, women who have anorexia nervosa are at increased risk for
stress fracture development [91,92]. Disordered eating is associated with low
BMD in the absence of menstrual irregularities [59].

The female athlete triad

The female athlete triad refers to an interrelated problem that consists of
disordered eating, amenorrhea, and osteoporosis. Hoch et al [93] also found
that amenorrheic athletes had reduced brachial artery endothelium-de-
pendent flow-mediated vasodilation when compared with oligomenorrheic
and eumenorrheic athletes. Furthermore, in a 2-year follow-up study, the
original amenorrheic athletes had a significant improvement in BMD with
different combinations of estrogen and progesterone or return of menses
naturally. This female athlete triad is a potentially lethal combination of
medical disorders that is reported in some female athletes [4,42]. Athletes
who are at greatest risk seem to be those who feel significant pressure to
excel in sports for which leanness and a low body weight are considered
advantageous, such as gymnastics, figure skating, ballet, and distance
running [94]. Also, athletes who participate in individual sports are at higher
risk than those who participate in team sports.

The problem wusually begins with disordered eating; this includes
a spectrum of abnormal and harmful eating patterns, such as bingeing
and purging, restrictive eating, fasting, and the use of diet pills or laxatives.
Preoccupation with food, a distorted body image, and intense fear of
becoming fat are often present as well. Some athletes will meet the
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
criteria for anorexia nervosa or bulimia, whereas others may display similar
behaviors without meeting full diagnostic criteria. A new classification—eat-
ing disorder, not otherwise specified—allows for identification of women
who do not meet other classification criteria. This has been helpful in this
population because the athlete’s weight may seem to be adequate because of
increased lean tissue mass; however, they are not consuming enough calories
to meet their energy needs.

Abnormal eating patterns may lead to athletic-associated amenorrhea.
Athletic amenorrhea is a complex multifactorial condition with serious
associated comorbidities. Extreme caloric restriction, excessive exercise,
physical and emotional stress that are associated with exercise/competition,
percentage of body fat, and genetics contribute to the condition. There is
increasing evidence, however, that nutritional restrictions and the resulting
endocrine and metabolic changes are a critical initiator of hypothalamic-
induced athletic amenorrhea and osteoporosis [95].

Disordered eating, estrogen deficiency, and menstrual dysfunction
predispose women to the third component of the triad, osteoporosis [89].
Reduced BMD in premenopausal women seems to be irreversible, despite
weight gain, resumption of menses, or estrogen replacement [6,7]. One study
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found that with the resumption of menses there was a significant increase in
vertebral BMD; however, after 2 years of normal menses, BMD remained
below age-normative. Slemenda et al [96] showed that the low estrogenic
state that is associated with amenorrhea has a more profound effect on
cancellous bone than on cortical bone. Cancellous bone is found in a higher
percentage in the pelvis, sacrum, and femoral neck—areas where females
tend to have a higher occurrence of stress fractures. These factors put the
woman who suffers from the female athlete triad at significant risk for stress
fractures. Although some investigators found that weight-bearing exercise
has a skeletal protective effect and may attenuate the bone loss that usually
is seen in anorexics [89], the use of excessive training to control weight also
could contribute to the increased risk of stress fractures that is associated
with the female athlete triad.

Several other factors are known to increase the risk for osteoporosis but
have not been investigated thoroughly as possible risks for stress fractures in
female athletes. These include smoking, caffeine consumption, and certain
medications, such as thyroid hormone and corticosteroids. In a study of
female army recruits, current or past smoking, consumption of more than 10
alcoholic drinks/week, corticosteroid use, use of depomedroxyprogesterone
acetate, lower adult weight, and no history of regular exercise increased the
likelihood of stress fracture [45,82].

Screening and prevention of stress injury in female runners

Ideally, stress fractures and the female athlete triad are treated best
through prevention. With many of the risk factors for stress fracture now
known, screening and prevention are much easier. Evaluation of all
components of the triad should be performed on every female runner. A
thorough history is essential and should include assessments of nutrition;
amount of, and changes in, physical activity; and menstrual history. A
history of stress fractures or overuse injuries as well as signs or symptoms of
an eating disorder justify further evaluation. Characteristics of anorexia
nervosa include cachexia, bradycardia, hypotension, lanugo, hypothermia,
cold intolerance, yellow skin (hypercarotenemia), dry hair and skin,
alopecia, and pruritus. Signs and symptoms of bulimia include fatigue,
abdominal pain, chest pain, swollen parotid glands, sore throat, eroded
tooth enamel, and knuckle calluses. Screening with bone density testing
should be considered in athletes who have known risk factors. The diagnosis
of osteoporosis in premenopausal women should not be made on the basis
of densitometric criteria alone. It also is not appropriate to use T-scores
when peak bone mass has not been reached; therefore, athletes who are 20
years old and younger should be evaluated with Z-scores [97]. Treatment of
the triad often requires a team approach. A sports physician, dietitian, and
psychologist may be needed to work with the athlete in addition to her
coach, parents, and close friends. Treatment for underlying disordered
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eating, correction of an energy deficit, and restoration of menses are
essential to stimulate bone accretion. Nutritional supplementation with
calcium and vitamin D and reduced training may be recommended. Early
intervention speeds recovery.

Reductions in bone density and an increased risk of stress fracture are
noted when there is an uncoupling of bone formation and resorption rates
as seen when energy availability is too low [59]. Several metabolic hormones
that influence bone formation (IGF-1, Tj, leptin), as well as bone formation
markers (serum type I procollagen carboxyl-terminal propeptide, osteocal-
cin) and bone resorption markers (urine N-telopeptide, serum C-telopep-
tide), can be followed to form an impression of the overall bone turnover
status and assess energy status indirectly. Uncoupling of bone resorption
and formation is seen with restricted energy availability as little as 126 kJ/kg
of lean body mass/d [12]. Therefore, increasing caloric intake to offset the
high energy demand may help to restore menses and stimulate bone
accretion. Calcium intakes of 1200 mg/d to 1500 mg/d and 400 IU to 800 U
of vitamin D also help to minimize bone loss. Antiresorptive therapies, such
as bisphosphonates and calcitonin, have not been tested and are not
approved by the U.S. Food and Drug Administration in younger patients
who have reduced BMD/osteoporosis. Their use in this population is
controversial; they are teratogenic and have a half-life in bone of greater
than 10 years.

Treatment with exogenous estrogens has been evaluated in numerous
studies with varying results. It seems that this may help to reduce further
bone loss in hypoestrogenic amenorrheic athletes; however, it may be
insufficient to stimulate bone growth [79]. Another concern is that with the
restoration of menses, estrogen replacement may mask the underlying
disorder. Recent evidence suggests that depomedroxyprogesterone acetate
contributes to impaired bone accretion and loss in mean BMD and should
be avoided in amenorrheic athletes [82]. Other preventative measures
include not smoking and the minimal use of alcohol [45].

Because training errors frequently are the cause of stress fractures, any
abrupt increase in training should be avoided. Cyclical training—a limited
period of training followed by relative rest during the third week (the
interval of greatest skeletal vulnerability)—is recommended over progressive
training [25]. For runners, mileage increases should be gradual, with some
investigators recommending that mileage should not be increased by more
than 3.2 total km/wk [98]. Using shock-absorbing insoles and changing
shoes every 6 months or before 800 km also is recommended.

Diagnosis of stress fractures

The treatment of stress fractures starts with a specific and accurate
diagnosis. Diagnosis of stress fractures often can be difficult and requires
a high degree of suspicion. A thorough history and physical examination
often diagnoses most stress fractures successfully. The onset of pain with an
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abrupt change in training, such as increasing mileage or intensity, should
raise suspicion of a stress fracture. Pain typically occurs at the end of, or
after, a run. Point tenderness on physical examination is the hallmark. For
example, the so-called ““N-spot” on the dorsum of the navicular can be a site
of exquisite tenderness in runners who have navicular stress fractures.
Swelling and redness may be present, but deformity usually is not.
Percussion tapping of bone, vibrating tuning fork, single leg hop, femoral
fulcrum, and lumbar extension tests (for pars stress fracture) are nonspecific
physical examination maneuvers that help in the identification of stress
fractures. Application of stress to the area or passive stretching also can
reproduce pain [99]. If multiple or recurrent stress fractures are present,
evaluation for sources of metabolic bone disease and the female athlete triad
is warranted. Some stress fractures are considered to be at high risk (Box 3)
for nonunion and should be treated aggressively, often with a period of
nonweight bearing, and perhaps, surgery [106]. These high-risk fractures
include ones at the femoral neck, the mid shaft of the tibia, and the
navicular.

The most common location of stress fractures in runners is the tibia;
however, tibial stress fractures may be difficult to discern from so-called
“shin splints,” more properly termed medial tibial stress syndrome (MTSS).
Typically, pain with stress fractures worsens as the run goes on.
Occasionally with MTSS, pain may diminish as the runner warms up.
Physical examination reveals focal tenderness with tibial stress fractures,
whereas MTSS presents with diffuse tenderness (with maximal tenderness
at the junction between the middle and distal third of the medial tibia).
Percussion tenderness, a tuning fork test, or hop tests are more likely to be

Box 3. High-risk stress fractures that require aggressive
treatment

Femoral neck

Anterior cortex or midshaft of tibia

Navicular

Medial malleolus

Talus fracture extending to subtalar joint

Proximal second metatarsal

Proximal fifth metatarsal diaphysis (Jones fracture)
Sesamoid

Pars interarticularis

Data from Fredericson M, Bergman AG, Matheson GO. [Stress fractures in
athletes] [German]. Orthopade 1997;26(11):961.
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positive with tibial stress fractures than with MTSS. Posterior cortex tibial
stress fractures can present with calf pain rather than shin pain.

A definitive diagnosis of a stress fracture often requires imaging. Plain
radiographs have poor sensitivity but are highly specific and are
recommended as an initial step in diagnosis. The “‘gray cortex” sign may
be evident on the radiograph if the cortex has decreased density with
associated hyperemia, edema, and early resorption [106]. The ‘“‘dreaded
black line” also can be seen on radiograph in individuals who have
a midshaft tibia fracture that has failed to heal and developed a nonunion
[106]. Many of these will be falsely negative as callus formation can take up
to 3 months to appear. If suspicion is high with negative radiographs,
conservative treatment should be initiated followed by repeat evaluation
and radiographs in 2 weeks. If the injury is in the season of competition, it is
reasonable to perform further imaging before implementing the 2-week rest.

MRI and bone scintigraphy (triple phase bone scan) have comparable
sensitivity and either is acceptable. MRI is preferred because it is less
invasive; avoids radiation exposure (an important consideration in this
young female population); has better specificity (ie, can differentiate fracture
from tumor); and shows more diagnostic information, such as fracture line
and periosteal edema. MRI can show stress changes, or edema, within the
bone, even before a fracture develops. Fat-suppressed T2-weighted images
also are recommended to help identify any bone marrow edema. Areas of
increased activity by scintigraphy seem to be consistent with grades of MRI
[99,100]. The main drawback of MRI, aside from cost, is that it does not
image cortical bone as well as CT. CT is useful in differentiating conditions
that may mimic stress fracture on bone scan, such as osteoid osteoma,
osteomyelitis with Brodie’s abscess, and various malignancies. It is also
helpful in detecting fracture lines as evidence of stress fractures and often
can differentiate between stress fracture and stress reaction [101]. This is
particularly important in the elite athlete as it may affect their rehabilitation
program and upcoming competitions considerably. Ultrasound is not
reliable in diagnosing stress fractures and is not recommended [102].

Conservative treatment for stress fractures

Conservative treatment for stress fractures is a three-part protocol using
pain as a guide to rehabilitation. Phase 1 includes cessation of painful
activity, ice, analgesics, maintaining fitness by cross-training, modification
of risk factors, and possible bracing or electrical stimulation [101]. It is
important that the runner who has a stress fracture be able to maintain
aerobic fitness and strength during the healing period. The most common
ways to unweight the fractured extremity and maintain cardiovascular
fitness are cycling, water running, and swimming. Cross-training should be
as sport specific as possible in duration and intensity. Extrinsic factors,
especially training errors, need to be addressed because these are the most
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common cause of stress fractures. Particularly important to female runners
are intrinsic conditions, such as disordered eating, amenorrhea, and
premature osteoporosis. Moreover, certain stress fractures occur in areas
of hypovascularity and are at risk for nonunion or avascular necrosis; in
these cases, surgery should be considered.

Adjunctive therapies, such as pneumatic braces or capacitative coupling,
also may be instituted. The use of pneumatic braces in the rehabilitation of
tibial stress fractures seems to reduce the time to recommencing training in
athletes and military personnel; it allowed resumption of light activity in 7
days (median) and full, unrestricted activity in 21 4+ 2 days versus 21 days
(median) and 77 £+ 7 days with rest alone [31,103]. Capacitative coupling
also has been used to shorten healing time. Stress fractures typically take
8 to 12 weeks to heal; however, one study found that healing time with
capacitative coupling was shortened to 7 weeks on average [104]. Weight-
bearing trials should be performed every other day. After 3 to 5 days free
from pain, phase 2 begins.

Phase 2 consists of light-weighted exercises and nonimpact-loading
activities, such as walking, using a stair stepper, elliptical, or cross-country
skiing machine. Activity should resume slowly and increase by 5 to 10
minutes per day up to 45 minutes. If any bony pain occurs, activity should
stop for 1 to 2 days and restart at a level below which the pain occurred
[101,105]. Recovery of strength that is lost during phase 1 also should be
addressed. Sport-specific muscle rehabilitation also may be started.

Phase 3 is gradual re-entry into the athlete’s sport-specific activity,
starting every other day and gradually progressing to normal activity. This
program may take from 3 to 18 weeks, depending on the extent of the injury
[105]. All athletes also should have a biomechanical and gait evaluation to
assess for leg length abnormalities, excessive pronation or supination, pes
planus, pes cavus, and other structural abnormalities following a stress
fracture.

Knee injuries

The knee joint is an innocent bystander in the lower limb kinetic chain
(ie, injuries at the knee usually are the result of biomechanical problems
above or below the knee). The differential diagnosis of knee pain in the
runner is described in Table 1.

Patellofemoral pain syndrome

Patellofemoral pain syndrome (PFPS) is the most common diagnosis for
knee pain in athletic and nonathletic populations; the incidence may be
twice as high in female athletes compared with their male counterparts
[107,108]. Adolescent females seem to be at particular risk because their
accelerated bony changes have not been accommodated by muscle changes
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Table 1
Differential diagnosis of knee pain
Medial Lateral Anterior Posterior
PFPS PFPS PFPS Baker’s cyst
Plica ITBS Quadriceps tend. Hamstring tend.
MMT Popliteus Patellar tend. Popliteus
MCL sprain LCL sprain Patellar instability
Intra-articular LMT Hoffa’s syndrome
Osteoarthritis Intra-articular Patellar OCD
MMT Osteoarthritis Osteoarthritis

Bursitis

Abbreviations: 1TBS, iliotibial band syndrome; LCL, lateral collateral ligament; LMT,
lateral meniscus tear; MCL, medical collateral ligament; MMT, medical meniscus tear; OCD,
osteochondral defect; PFPS, patellofemoral pain syndrome; tend., tendinopathy.

[107]. The PFPS pain syndrome is an amalgam of diagnoses and generally
can be classified into patellar instability, PFPS with malalignment, and
PFPS without malalignment.

Patellofemoral pain syndrome pain generators

Traditional thinking has assumed that the patellar cartilage is the
primary pain generator in the PFPS. Accordingly, the term ‘“‘chondroma-
lacia patellae” often is used for nebulous anterior knee pain; however, there
are no nerve endings in the articular cartilage [109]. Arthroscopy studies also
have failed to correlate the degree of patellar chondral and subchondral
injury with the severity of anterior knee pain [109]. The current theory of
pathogenesis is injury to the subchondral bone from patellar maltracking
and increased patellofemoral joint reaction forces. Dye et al [110] proposed
that the actual pain generator is the loading of nerve endings (ie,
a degenerative neuroma) in the patellar retinaculum which causes a resultant
synovitis. Other pain generators may exist in PFPS, such as irritated
infrapatellar fat pad, plica, bursa, tendons, and apophyses.

Predisposing factors for patellofemoral pain syndrome

Biomechanical structural problems may contribute to patellofemoral
pain [109]. For instance, miserable malalignment syndrome in women
predisposes to PFPS. Muscle imbalances may exacerbate knee pain. Weak
quadriceps musculature, particularly the vastus medialis obliquis (VMO)
portion, has been implicated in patellofemoral pain. When the VMO is weak
or inhibited, lateral vector forces that are created by the vastus lateralis,
iliotibial band (ITB), and lateral retinaculum become dominant. Thus, the
patella becomes displaced laterally. Tight lateral structures (ITB and lateral
retinaculum) exacerbate this phenomena. Specifically in runners, a tight ITB
and tensor fascia lata muscle, coupled with weak gluteus medius, creates
excessive internal rotation of the femur and a lateral pelvic tilt. Tight
hamstrings and gastrocnemius musculature also may exacerbate PFPS by
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increasing knee flexion and creating greater patellofemoral joint reaction
forces. In addition, hyperpronation seems to predispose runners to PFPS.

Clinical presentation

The classic presentation of PFPS is an insidious onset of progressively
severe diffuse anterior knee pain, especially with loading activities that
involve repetitive flexion and extension, such as running. It may manifest as
an ill-defined, usually bilateral, ache which is aggravated by hill training or
stair climbing. Knee buckling can occur occasionally as a result of a painful
reflex inhibition of the knee extensor mechanism. Other complaints may
include crepitus or a “catching” sensation that is experienced with knee joint
flexion and extension; however, crepitus may be common, even in
asymptomatic individuals. Prolonged sitting with knee flexion, such as on
an airplane flight or in a theater, may aggravate patellofemoral pain and
lead individuals to extend their knee and legs into the aisle, also known as
the “movie theater sign.”

In runners, patellar or quadriceps tendinopathy can occur, which is
manifested as pinpoint pain at the inferior and superior pole of the patella,
respectively. Occasionally, patellar instability symptoms can occur with
descriptions of the “knee cap slipping out.” Infrapatellar fat pad
impingement, occurs with forceful knee extension in individuals who have
a prominent fat pad and posterior tilting of the patella. In adolescent
runners, apophysitis of the inferior pole of the patella (Sinding-Larsen-
Johansen syndrome) or at the tibial tuberosity (Osgood-Schlatter syndrome)
should be suspected [111].

Diagnosis

The history and physical evaluation of the runner who has knee pain
should include analysis of the kinetic chain. Plain radiographs, particularly
lateral and “‘sunrise” (or “‘skyline’’) views, may be helpful in evaluating the
patellofemoral joint [112]. Sunrise radiographs are axial views that are taken
with the knee flexed 30° or 45°. If the patellofemoral joints shows joint space
narrowing, osteophytes, subchondral sclerosis, and cysts, patellofemoral
osteoarthritis should be suspected. Osteochondral lesions sometimes can be
seen with these views. The lateral radiograph may demonstrate patella alta,
rotational malalignment, or trochlear dysplasia. More commonly, particu-
larly in the younger female runner who has PFPS, these radiographs are
normal. Occasionally, MRI is useful in identifying the quality of the patellar
cartilage pathology and ruling out other knee pathologies.

Treatment

In general, the management for PFPS should be individualized and aimed
at symptom relief acutely, and then focus on correcting the etiologic factors
that contribute to the pain. The patient should be reminded that successful
alleviation and prevention of further discomfort with PFPS might take
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several weeks to months. In the authors’ experience, patellar tendinopathy
cases may take even longer with a longer period of relative unloading.

Acute phase. Relative rest is often helpful in alleviating patellofemoral pain.
Runners often benefit from switching to low-impact aerobic activities for
a defined period of time, such as swimming, aqua aerobics, “elliptical”
training, or biking. Biking may exacerbate PFPS if the seat is too high or too
low or if increased resistance is maintained. Runners who have PFPS should
avoid step aerobics or using the stair-climbing apparatus because these can
cause tremendous repetitive compressive loads on the patellofemoral joint.
Patellar tendinopathy cases often need 2 to 3 weeks of relative unloading of
the tendon.

In the acutely swollen knee, ice may provide some relief from the acute
discomfort. Although anti-inflammatory medications have not been shown
conclusively to benefit chronic PFPS, nonsteroidal anti-inflammatory drugs
or acetaminophen may have a role in acute pain. Glucosamine/chondroitin
also has been suggested to provide relief in PFPS, particularly if osteo-
arthritis is demonstrated on imaging [113].

Rehabilitation phase. Physical therapy was shown to be efficacious in
relieving pain in PFS in uncontrolled, and, more recently, controlled trials
[114]. Crossley et al’s [114] program outlines elements of physical therapy
intervention that can be used on all individuals (Box 4). It stands to reason
that a more individualized program that attacks specific biomechanical
deficits may be even more effective. Closed kinetic chain exercises serve as
the cornerstone of the muscle strengthening program in PFPS. Studies
showed that although open and closed kinetic chain exercises seem to
improve PFPS symptoms, closed chain exercises also seem to improve
functional performance. In particular, the literature has emphasized VMO
strengthening in the open and closed kinetic chain positions [109]. Isokinetic
open chain exercises also have been used for lower limb strengthening;
however, they require specialized equipment and are not functional. For
patients who are in acute pain, isometric exercises may be painless and
just as beneficial as isokinetic exercise. A stretching program, as outlined
by Crossley et al [114], also has a sound theoretic basis in eliminating
biomechanical deficits.

Debate exists about whether VMO strengthening is important and
whether VMO can be strengthened preferentially [115,116]. Some studies
suggest that VMO firing is delayed in patients who have patellofemoral pain
[115]; however, a robust relationship has yet to be established. A recent
study revealed that nine common exercises that are given for preferential
VMO strengthening showed equal firing of all of the different portions of the
quadriceps [117]. Based on that study, some investigators have advocated
for a generalized quadriceps strengthening program, rather than a selective
VMO strengthening program. Other researchers showed that patients who
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Box 4. Elements of physical therapy intervention

Stretches
Medial/lateral glides and mobilization of the patella
Deep friction massage to lateral soft tissues
Hamstring stretch
Anterior hip stretch

Patellar taping

Strengthening
Isometric VMO strengthening with knees at 90°
Partial squats with isometric gluteal contraction
Isometric hip abduction against wall while standing
Step-downs with pelvis parallel to floor
Isometric hip abduction while standing away from wall
Lunges

Home exercise program: two times per day

Surface EMG

Adapted from Crossley K, Bennell K, Green S, Cowan S, McConnell J. Physical
therapy for patellofemoral pain. Am J Sports Med 2002;30(6):860.

have PFPS can learn the motor skill of selectively firing the VMO with
patellar taping or EMG biofeedback [118,119]. These patients may have
a better short-term outcome [119].

Patellar taping, braces, and foot orthoses. Some investigators believe that
taping the patella may improve patellar alignment, tracking, tilt, or glide.
Although numerous studies have been performed on this intervention for
the treatment of PFPS, there are variable results [109,113,120]; however, in
the authors’ clinical practice, runners who perform a single leg squat and
have improvement of pain with manual force on the patella may benefit
from patellar taping. Patellar taping is continued only if a 50% reduction of
pain is achieved [120]. Patellar taping likely works by reducing pain and
improving proprioception rather than by way of a true improvement of
patellar orientation. Taping may be especially beneficial in infrapatellar pad
impingement by unloading the inflamed fat pad.

Elastic knee sleeves that have an anterior cut-out over the patella may
provide some comfort, and because of their low cost, may be a useful
strategy in some cases; however, the ability of the sleeve to alter patellar
biomechanics is not known, and if used, should be an adjunct with
therapeutic exercises. More expensive, more elaborate knee braces have not
been shown to be particularly effective in patients who have PFPS [121].

Foot orthoses have been theorized to improve the biomechanics in the
lower extremity, including the improvement of patellar tracking [122]. In
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a study of 20 adolescent girls who had PFPS and exhibited excessive
forefoot varus or hindfoot valgus, individuals who were treated with foot
orthoses and an exercise regimen had a significant decrease in the level of
pain over an 8-week period compared with the control group who
underwent exercises alone [123]. It is more economical to try off-the-shelf
orthoses first to determine whether the patient derives any benefit initially,
and progress to custom orthoses if increased support is required.

Surgery. Nonsurgical options in the treatment plan for PFPS should be
attempted first; however, more than 100 surgical options have been
described for persistent patellofemoral pain that is nonresponsive to
conservative treatment. Lateral retinacular release may be the most common
procedure that is performed. It works best in individuals who have isolated
lateral patellar tilt as the primary cause of patellar malalignment. Lateral
retinacular release does not correct a more global malpositioning of the
patella nor a large dynamic Q-angle. Inappropriate lateral release can lead
to medial patellar subluxation, which can be a debilitating problem. Other
more extensive realignment procedures can be performed experimentally to
correct Q-angles and patellar orientation. These procedures typically do not
allow athletes to return to running activity [120].

Articular cartilage procedures may include open or arthroscopically-
performed debridement or shaving of patellar cartilage to achieve a smoother
patellofemoral articulation, local excision of defects with drilling of the
subchondral bone, or facetectomy and transplantation of autologous
chondrocytes [124]. Local excision of diseased cartilage and subchondral
drilling has been used commonly with satisfactory results, especially in
patients who are younger than 25 years [124]. The long-term results of these
articular cartilage procedures are not known, and the relative effectiveness of
one procedure compared with the others also is unknown. Their role, although
commonplace, is still experimental.

lliotibial band friction syndrome

In runners, the next most common knee injury is ITB friction syndrome
(ITBS). The ITB is dense fascia that connects the gluteal muscles to the
anterolateral tibia. An anatomic pouch can be found underlying the
posterior ITB at the level of the lateral femoral epicondyle. The ITB passes
over the lateral femoral epicondyle with knee flexion and extension.
Maximum friction occurs when the posterior fibers of the ITB pass over the
lateral femoral epicondyle at 20° to 30° of knee flexion—the putative
“impingement zone.”” Repeated knee flexion and extension, particularly
with increased mileage per week, was shown to predispose to lateral knee
pain. Although not studied extensively, poor neuromuscular control seems
to be an important modifiable risk factor for ITBS. Specifically, the
neuromuscular system is needed to control the valgus/internal rotation
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vectors at the knee after heel strike. If appropriate control is not available,
the ITB may have an abrupt increase in tension at its insertion site.
Strengthening the gluteus medius and tensor fascia lata, which are
decelerators of the valgus/internal rotation vectors at the knee, was shown
to ameliorate ITBS.

Clinical presentation

Symptoms of ITBS can emanate at three typical sites—proximal lateral
hip, over the lateral femoral epicondyle, or at Gerdy’s tubercle. Runners
often note more pain with downhill running because of the increased time
that is spent in the impingement zone. Paradoxically, runners state that faster
running and sprinting often does not produce pain. Fast running allows the
athlete to spend more time in knee angles that are greater than 30°.

Physical examination

The modified Thomas and Ober tests are used to assess flexibility of the
ITB and its attached muscles. Knee tenderness is noted at the lateral femoral
epicondyle (above the lateral joint line) or at Gerdy’s tubercle. Pain also can
be elicited frequently by the Noble compression test which is performed in
nonweight-bearing and standing positions; the knee is flexed and extended
through the impingement zone (20°-30° of knee flexion) while the examiner
applies pressure over the lateral femoral epicondyle.

Rehabilitation

Successful treatment of ITBS can be achieved by incorporating
a comprehensive, kinetic chain—oriented approach. Rehabilitation includes
proper stretching of the ITB and associated muscles. A standing I'TB stretch
with the affected leg crossed over, lateral trunk side-bending to the
unaffected side, and overhead arm extension to the unaffected side may be
the most effective stretch [125] (Fig. 1). Some muscle groups do not respond
to stretch unless myofascial and joint restrictions are addressed concomi-
tantly. A qualified physical therapist or massage therapist can release trigger
points and fascial adhesions that are identified on physical examination.
Strengthening of weak or inhibited muscles can be started in conjunction
with a flexibility program [126]. Weak hip abductors are seen often in
patients who have ITBS. Hip abductor strengthening, with single leg squats
and step-downs, is an efficacious treatment for runners who have ITBS
[127]. The core strengthening concepts that were described previously play
an empiric role in prevention and rehabilitation. The final stages of
rehabilitation focus on sports-specific activity. Correction of form flaws can
be invaluable to a runner. Frequently, runners have form deviations that
lead to a sine qua non of uncontrolled valgus/internal rotation of the knee.
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Fig. 1. An effective iliotibial band stretch.

Common abnormalities include excessive pronation, inability to shock
attenuate at the knee, and Trendelenburg frontal plane gait at the pelvis.
Changing to shock-absorbing or motion-control shoes can accommodate
supination and overpronation, respectively. Occasionally, foot orthoses may
be helpful in runners who have foot types that exacerbate ITBS.

Injections and surgery

Injections that are directed to the anatomic pouch underneath the ITB at
the lateral femoral epicondyle is a simple procedure that is used for patients
who have persistent pain and swelling. A mixture of anesthetic (eg, 1 mL
of 1% lidocaine) and long-acting steroid (eg, 1 mL of betamethasone)
is instilled to the affected site [126]. Surgical treatment for I'TBS rarely is
needed. Surgery involves excising the posterior half of the ITB where it
passes over the lateral femoral epicondyle or removing the underlying
putative bursa. These surgical procedures give mixed results and should be
contemplated only for patients in whom all other options have been
exhausted, including a comprehensive rehabilitation program as outlined
above.
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Summary

Running often can cause injuries to the knee as a result of kinetic chain
dysfunctions. Addressing these dysfunctions in rehabilitation can prevent
future injury. Stress fractures often occur in runners who engage in training
errors. Female runners are particularly susceptible to stress fractures,
especially in the setting of the female athlete triad. Proper identification and
prevention of these injuries allows for athletes to return to running
expeditiously.
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