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Stress fractures occur when bone is repetitively
loaded over time without the presence of violent
trauma. One type of stress fracture, the insuffi-
ciency fracture, is common in older individuals but
much less common among younger athletes. In
order to develop an understanding of insufficiency
fractures it is important to distinguish insufficiency
fractures from the pathological fracture and the
more common fatigue fracture. Insufficiency frac-
tures occur when normal or physiologic forces are
applied on bone with abnormal elastic resistance.
In contrast, fatigue fractures occur when repetitive
forces are applied to bone of normal elastic resis-
tance. Pathological fractures occur when bone is
weakened by infection or tumor [1]. While insuf-
ficiency fractures are more commonly experienced
in the elderly population, it is important to distin-
guish between causes of stress fractures in athletes
because each type requires its own unique steps in
diagnosis and management.

Causes of Insufficiency Fractures

Understanding the causes of insufficiency fracture
is of great importance as the prevention and treat-
ment of these fractures must involve correction or
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prevention of the underlying pathophysiology.
Weakened bone leading to insufficiency fracture is
commonly associated with osteopenia, osteoporo-
sis, osteomalacia, Paget’s disease of bone, or a his-
tory of treatment with radiation therapy.

Osteopenia and Osteoporosis

Insufficiency fractures are most commonly asso-
ciated with bone of decreased density, also known
as osteopenic bone. While aging athletes are at
risk for osteopenia and consequently insuffi-
ciency fracture, it is possible for younger athletes
to experience an insufficiency fracture as well.

Causes of osteopenia and osteoporosis can
be primary or secondary. Primary causes of
decreased bone density include age-related,
juvenile, postmenopausal, and osteogenesis
imperfecta while secondary causes include sev-
eral endocrine, hematologic, hereditary, and
nutritional disorders. Rheumatoid arthritis, sex
hormone deficiency, steroid therapy, hyperpara-
thyroidism, and renal osteodystrophy are a few
of the secondary causes of osteopenia associ-
ated with insufficiency fracture [2]. Any indi-
vidual that participates in athletics and possesses
one or more of these risk factors for osteopenia
also presents with an increased risk of develop-
ing an insufficiency fracture.

With the continuous advancement of joint
preservation techniques, significantly more indi-
viduals are participating in sports well beyond
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40 years of age. With increasing age comes an
unavoidable increasing amount of oxidative
stress and accumulation of free radicals in bone.
In addition to physiologic changes, genetics and
dietary factors play a role in the development of
aging bone. While sports participation may help
in maintaining a healthy bone mass, exercise
alone will not prevent the development of osteo-
penia and frank osteoporosis. Therefore, care
must be taken to recognize all aging athletes at
risk for developing osteopenia and take appro-
priate dietary and pharmacological steps to
prevent osteopenia and decrease the risk of
insufficiency fracture.

Diet also plays a role in bone health as protein,
calcium, and vitamin D intake are associated
with higher bone mineral densities and therefore
protection from osteopenia [3]. In a study of
female navy recruits it was shown that consump-
tion of 2,000 mg of calcium and 800 IU of vita-
min D per day was associated with a 20 % lower
incidence of stress fracture [4].

Screening for osteoporosis plays a major role in
preventing insufficiency fractures as early diagno-
sis and treatment can help those at risk to maintain
a more normal bone density. In 2009 the American
College of Preventative Medicine recommended
that all adult patients >50 years of age be screened
for risk factors for osteoporosis. It was recom-
mended that all women >65 years of age and all
men >70 years of age obtain dual energy X-ray
absorptiometry (DEXA) testing to screen for
osteoporosis [5]. Younger postmenopausal women
and men ages 50—65 with one major or two minor
risk factors for osteoporosis (Table 16.1) should
also undergo DXA testing [5, 7].

In adults, DEXA is interpreted in terms of
T-score. By the World Health Organization’s ref-
erence values, a T-score refers to how many stan-
dard deviations a patients’ bone density lies from
the average bone density of a 20- to 29-year-old
female. A T-score of <-2.5 at the femoral neck,
total hip, or lumbar spine generally allows for the
diagnosis of osteoporosis [8]. In contrast to the
T-score, the Z-score is based on standard devia-
tions from an age, gender, and race matched ref-
erence value. Z-scores are used for children and
adolescents undergoing DXA testing [9].
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Table 16.1 Risk factors for osteoporosis [6]*

Minor risk factors
Rheumatoid arthritis

Major risk factors

Vertebral compression
fracture

Fragility fracture after age 40 Past history

of hyperthyroidism

Family history Chronic anticonvulsant
of osteoporotic fracture therapy

Systemic glucocorticoid Low dietary calcium
therapy >3 months intake

Malabsorption syndrome Smoking

Primary hyperparathyroidism Excessive alcohol intake

Propensity to fall Excessive caffeine intake

Osteopenia apparent Weight <57 kg
on X-ray film
Hypogonadism Weight loss >10 %

of weight at age 25
Early menopause (before
age 45)
*Reprinted from American Journal of Preventative
Medicine, 36/4, Lim LS, Hoeksema LJ, Sherin K, ACPM
prevention practice committee, Screening for osteoporo-
sis in the adult US population: ACPM position statement
on preventative practice, 36675, Copyright (2009), with
permission from Elsevier

Chronic heparin therapy

In premenopausal women, treatment for early
osteopenia/osteoporosis includes investigation
for underlying causes as well as ensuring ade-
quate intake of calories, calcium (1,000 mg daily
from diet), and vitamin D (600 IU D3 supple-
ment) [10]. For premenopausal women, evidence
is lacking for common pharmacologic treatments
used in postmenopausal women such as bisphos-
phonates, selective estrogen receptor modulators,
teriparatide, and denosumab. Smoking cessation
[11], normalization of body weight, avoiding
excessive dieting and weight swings [12], and
limiting alcohol consumption [13] have been
shown to be of benefit in preventing or treating
decreased bone mineral density.

In postmenopausal women initial osteoporosis
treatment begins with ensuring adequate vitamin
D and calcium intake. Along with dietary cal-
cium, supplemental calcium should be taken in
doses of 500-1,000 mg/day so that total calcium
intake equals around 1,200 mg/day. Intake of
vitamin D should equal around 800 IU daily.
Exercise and cessation of smoking are also
important in this population. The National
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Osteoporosis Foundation recommends pharma-
cologic intervention in postmenopausal women
with a history of hip fracture or vertebral com-
pression fracture or in those individuals with a
T-score <-2.5 [14]. Bisphosphonates are consid-
ered the mainstay of pharmacologic intervention
in postmenopausal osteoporosis [15]. Other
effective agents include selective estrogen recep-
tor modulators [16], parathyroid hormone [17],
and denosumab [18, 19]. Evidence is lacking or
contraindications exist for estrogen replacement,
calcitonin, and combination therapy.

Treatment guidelines also exist for the treat-
ment of osteoporosis in men. As with women, diet
and lifestyle changes are important in the treat-
ment of osteoporosis. Calcium intake should reach
1,000 mg/day in younger men and up to 1,200 mg/
day in older men. Vitamin D supplementation
should equal 600-800 IU per day. Continued exer-
cise, smoking cessation, and limiting alcohol con-
sumption are also important lifestyle changes in
men. Testosterone therapy is recommended in
younger hypogonadal men with no contraindica-
tions to testosterone therapy [20]. In addition to
the above measures, pharmacologic intervention
is recommended in men with a history of fracture
or T-score of <-2.5. Pharmacologic intervention
may also be necessary in men with a 7-score of
—1.0 to -2.5. As with women, bisphosphonate
therapy is oftentimes the drug of choice. Studies
have recommended weekly treatment with alen-
dronate or risedronate [21]. Other alternatives
include the IV bisphosphonate zoledronic acid,
and secondline agents such as teriparatide [22] or
denosumab [23].

The Female Athlete Triad
and Decreased Bone Mineral Density

Young athletes particularly vulnerable to insuffi-
ciency facture are those with the female athlete triad
of amenorrhea, eating disorder, and osteoporosis.
This triad is specifically observed in physically
active females and is now defined as involvement of
any one or more of the following components: (1)
low energy availability with or without disordered
eating; (2) menstrual dysfunction; and (3) low bone
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mineral density [24]. Risk factors for the triad
that should be assessed in female athletes are
menstrual irregularities, criticism of eating habits
by coach, family, or peers, depression, dieting,
obsessive personality, pressure to lose weight,
early sport-specific training, overtraining, recur-
rent injuries, history of fracture, low BMI, and
physical examination signs of an eating disorder
[24]. In relation to triad risk factors, a 2014 study
found that more triad risk factors are associated
with a greater odds of bone stress injury than one
factor alone [25]. Specifically, the authors found
an increase in bone stress injury from 15 to 21 %
for one risk factor to 30 % for two risk factors to
50 % for three triad risk factors [25]. Another
2014 study also found that multiple risk factors
exhibit a cumulative risk of lower bone mineral
density in young women [26].

Low energy availability in at-risk athletes
often leads to menstrual dysfunction and can lead
to deleterious effects on the musculoskeletal sys-
tem. In cases of hypoestrogenism, increased
reabsorption of calcium and decreased bone stor-
age of calcium leads to decreased bone mineral
density [27]. In terms of menstrual irregularities
and bone mineral density, a 2003 study found
that female runners experiencing less than 10
menstrual cycles per year had bone mineral den-
sities 3—6 % lower than those female runners hav-
ing greater than 10 menstrual cycles per year
[28]. In addition to the musculoskeletal system,
the reproductive, cardiovascular, endocrine, gas-
trointestinal, renal and neurological systems can
be affected by the female athlete triad [24].

Diagnosis of the female athlete triad is multi-
faceted and involves a multidisciplinary
approach. Low energy availability can be indi-
cated by a BMI <17.5 kg/m? or in adolescents
<85 % of expected body weight. While a low
BMI can be an indicator of low energy availabil-
ity assessing energy availability is most often a
much more complex measurement. In response
to this issue the Female Athlete Triad Coalition
provides an energy availability calculator on their
website (http://www.femaleathletetriad.org/cal-
culators/). They report that physically active
women should aim for at least 45 kcal/kg fat-free
mass/day of energy intake [24].
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Table 16.2 Female athlete triad risk factors [24]

High risk Moderate risk

* History of a DSM-V * Current or history
diagnosed eating of disordered eating
disorder for >6 months

e BMI <17.5 kg/m?, e BMI between 17.5 and

<85 % estimated weight,
or recent weight loss
of >10 % in 1 month

18.5, <90 % estimated
weight, or recent
weight loss of 5-10 %
in 1 month

Menarche between

15 and 16 years of age

e Menarche at >16 years
of age

e Current or history of <6
menses over 12 months

Current or history
of 6-8 menses over
12 months

One prior stress
reaction or stress
fracture

e Two prior stress .
fractures, 1 high-risk
stress fracture, or a low
energy nontraumatic

fracture

e Prior Z-score of <-2.0 e Prior Z-score between
(after >1 year from —1.0 and 2.0 (after >1
baseline DXA) year from baseline

DXA)

Assessing amenorrhea is a complex process
that should be initialized by the primary care
physician with appropriate consults to both gyne-
cology and endocrinology specialists. Pregnancy
and endocrine disorders such as thyroid dysfunc-
tion, hyperprolactinemia, primary ovarian insuf-
ficiency, hypothalamic and pituitary disorders,
and hyperandrogenic conditions must be ruled
out as the causes of the amenorrhea.

Because low bone mineral density is the direct
contributing factor to an insufficiency fracture,
criteria have been established for obtaining
DEXA testing in young woman and girls. The
Female Athlete Triad Coalition recommends
DEXA testing in athletes with one or more high-
risk factors or two or more moderate risk factors
(Table 16.2). The Coalition also recommends
DEXA testing in athletes with a history of two or
more peripheral long bone traumatic fractures
when 1 or more high or moderate triad risk fac-
tors are identified [24]. Results from DEXA
scanning should be interpreted carefully and may
need to be repeated every 1-2 years in individu-
als with ongoing indications for testing. The
International Society for Clinical Densitometry
(ISCD) provides guidelines for interpreting
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DEXA testing in children and adolescents.
In their 2013 position statement the ISCD main-
tained that a vertebral compression fracture is
indicative of osteoporosis in children and adoles-
cents while densitometry alone is not adequate to
diagnose osteoporosis. Total body less head and
the posterior—anterior spine are the preferred
skeletal areas when performing DEXA testing. In
children and adolescents without vertebral com-
pression fracture, osteoporosis is diagnosed with
a significant fracture history and a Z-score of
<-2.0 on densitometry. The ISCD also reports
that a Z-score of >-2.0 does not necessarily pre-
clude skeletal fragility [29, 30]. Young individu-
als with osteoporosis most often present with
fracture before the diagnosis is confirmed; there-
fore early recognition and prevention of the
female athlete triad is instrumental in avoiding
insufficiency fractures.

Osteomalacia/Rickets

Osteomalacia, termed rickets in children, is
defective bone mineralization most often caused
by a chronic deficiency in vitamin D or phos-
phate. Consequently, individuals with osteomala-
cia have a softening of bones which predisposes
to fracture. While it is extremely rare in athletes,
it should be considered as an underlying cause of
insufficiency fracture in athletes with generalized
osteopenia. A 2013 study found that DEXA scan-
ning may detect osteoporosis in up to 70 % of
individuals with osteomalacia [31]. Patients with
osteomalacia often present with generalized bone
pain and osteopenia. Generally the best way to
prevent osteomalacia induced insufficiency frac-
ture is ensuring adequate vitamin D intake
throughout life. In a 2013 position statement, The
Society for Adolescent Health and Medicine rec-
ommended vitamin D supplementation of 600 TU
daily in healthy adolescents and at least 1,000 IU
for adolescents at risk for vitamin D insuffi-
ciency, in addition to dietary intake. Other guide-
lines for vitamin D supplementation and
management for adolescents are presented in
Table 16.3. Some conditions that are potential
factors associated with vitamin D deficiency are
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Table 16.3 Vitamin D guidelines as recommended by
the Society of Adolescent Health and Medicine [32]

e Vitamin D supplementation of 600 IU daily in
healthy adolescents

e Vitamin D supplementation of at least 1,000 IU daily
for adolescents at risk for vitamin D insufficiency

¢ Serum 25(OH)D concentration in at-risk adolescents

e Serum 25(OH)D concentration of 30-50 ng/mL is
optimal in adolescents

* In adolescents with <20 ng/mL 25(OH)D, supplement
50,000 IU of vitamin D once per week for 8 weeks

* In adolescents with 20-29 ng/mL 25(OH)D,
supplement 1,000 IU per day for at least 3 months

* Use a vitamin D3 preparation if available

* Vitamin D supplementation should be taken with
dinner if possible

25(0OH)D 25-hydroxyvitamin D

increased skin pigmentation, frequent use of
sunscreen, obesity, specific diets such as vegan,
cultural body coverage requirements, chronic GI
diseases, amenorrhea, pregnancy or lactation,
immobilization, bariatric surgery, chronic kidney
or liver disease, certain medications such as ste-
roids, anticonvulsants, and HIV medications, and
known low bone density status [32]. In older
adults the International Osteoporosis Foundation
(IOF) states that, on average, 800—1,000 IU of
vitamin D are required per day to maintain a
serum level of 25-hydroxyvitamin D (25(OH)D)
of 30 ng/mL. The required intake also varies per
individual as 800 IU per day may be sufficient in
healthy individuals with regular sun exposure.
On the other hand, obese individuals, those with
low sun exposure, with osteoporosis, malabsorp-
tion, and in populations such as those of Middle
Eastern or Southern Asian decent may need
upward of 2,000 IU of vitamin D intake per day
[33]. The IOF advises that 100 IU of vitamin D
will increase the serum 25(OH)D by about
1.0 ng/mL.

Paget’s Disease of Bone

Paget’s disease of bone is generally a disease of
older individuals and is characterized by abnor-
mal bony remodeling and resultant disorganized
bony architecture. The disorganized bone growth
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associated with Paget’s disease of bone can
initially lie clinically silent and may lead to bone
pain, bone deformity, fracture, osteoarthritis, spi-
nal stenosis, cranial nerve compression, tinnitus,
deafness, and in a small number, osteosarcoma.
Paget’s disease of bone is thought to have genetic
influences and potentially environmental triggers
such as viral infection and low calcium and vita-
min D intake. The most common bones affected
by Paget’s disease of bone are the pelvis, femur,
lumbar spine, skull, and tibia [34, 35]. Patients
with Paget’s disease of bone often have normal
calcium, phosphate, and PTH levels on labora-
tory testing. Variable but often elevated levels of
alkaline phosphatase may be observed and
depend on the stage of the disease [35]. Another
potential presentation finding of Paget’s disease
of bone is an abnormal radiograph while investi-
gating for other pathologies. Pseudofractures on
the convex aspects of affected bones also should
raise suspicion of Paget’s disease of bone [35].
Patients may also report pain with use of the
affected area, with rest, and at night [35]. Other
factors useful in diagnosing Paget’s disease of
bone are localized pain in areas with continued
uptake on bone scan and pain improvement with
a bisphosphonate trial. Pain that originates in
joints is less likely to be due to Paget’s disease of
bone. While Paget’s disease of bone is an
extremely rare cause of insufficiency fracture in
younger individuals, it should be ruled out as a
potential underlying cause of insufficiency frac-
ture in aging athletes as treatment of Paget’s dis-
ease involves medical and surgical management.

Radiation-Induced Fractures

While fracture associated with tumor is termed
pathological fracture, insufficiency fracture can
occur in previously irradiated bone in which a
tumor has since resolved. lonizing radiation is
effective as a treatment means for cancer because
it causes cell death through DNA strand breaks.
This radiation disrupts the bone’s blood supply
and decreases the number of osteoblasts while
increasing the activity and number of osteoclasts.
This leads to bone marrow suppression and
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abnormal bony remodeling, which in effect
lowers bone mass and density predisposing
affected individuals to insufficiency fracture.
These effects are dose dependent and can remain
permanent with higher radiation dosages.
Therefore, athletes with a history of radiation
therapy must be monitored for the development
of insufficiency fractures [36].

Presentation of Insufficiency
Fractures

Patients with insufficiency fractures often present
with acute pain in a commonly affected area such
as the back, groin, or foot. A history of trauma is
usually lacking. Depending on the severity of the
fracture, the patient may present in a non-
ambulatory state. Physical examination of a sus-
pected insufficiency fracture involves localization
of pain and inspection of the area for warmth and
swelling and palpation for tenderness. Range of
motion, the fulcrum test, flexion—abduction—
external rotation (FABER test), and Flamingo
test may assist in evaluation of areas not readily
accessible to direct palpation [3].

Imaging of Insufficiency Fractures

Obtaining proper imaging is instrumental in early
recognition and treatment of suspected insuffi-
ciency fractures. As with any suspected skeletal
injury, plain radiographs should be obtained.
Plain radiographs may assist in the diagnosis of
various insufficiency fractures though magnetic
resonance imaging (MRI), computed tomogra-
phy (CT), or bone scintigraphy may be necessary
in cases where plain radiographs are inconclusive
and a patient’s pain persists.

Radiography

The most common radiographic imaging finding
in patients with insufficiency fracture is a sclerotic
band in the affected bone. Other imaging findings
on radiography of insufficiency fractures include
bone resorption along the fracture line, bony
expansion, callus, and osteolysis. Radiography is
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often more successful in detecting insufficiency
fractures in long bones, pubic rami, and peripheral
bones while sacral and pelvic insufficiency frac-
tures are more often elusive on standard radio-
graphs [37].

Multidetector CT Scanning

Multidetector CT (MDCT) scanning may be the
imaging modality of choice in the detection of
insufficiency fractures though the high dose of
ionizing radiation limits its usage to some extent.
MDCT allows for thin slices and detection of
otherwise non-visible fracture lines. Callus
development can also be readily observed. While
bony edema on MRI can be suggestive of fracture
as well as other processes such as tumor, high
resolution CT scanning has the ability to rule out
lytic lesions and those extending into the adjacent
soft tissue [37].

Magnetic Resonance Imaging

Due to the absence of ionizing radiation, MRI is
commonly used as the imaging modality of
choice in the diagnosis of insufficiency fracture
when plain radiographs prove inconclusive.
Hypointense signal to adjacent bone is seen on
T1 weighted images while hyperintense signal is
observed on T2 weighted images with the possi-
bility of observing the fracture line within bony
edema. A commonly cited radiographic and MR
grading system of stress fractures can be found in
Table 16.4 [38]. Care must be taken as to not con-
fuse an insufficiency fracture with underlying
avascular necrosis or tumor.

Bone Scintigraphy

Bone scintigraphy, also termed radionucleotide
scanning or bone scanning is very sensitive for
insufficiency fractures though generally it is non-
specific. Various uptake patterns can be difficult to
interpret and can remain positive well after a frac-
ture occurs. Bone scintigraphy has clinical utility
in the diagnosis of insufficiency fractures of the
sacrum and pelvis as two or more areas of
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Table 16.4 Radiographic grading of stress fractures®

Radiograph

Grade findings MRI findings

Normal Normal Normal

1 Normal Positive STIR image

2 Normal Positive STIR, plus positive
T2-weighted

3 Periosteal reaction Positive T1 and T2
weighted, STIR without
definite cortical break
visualized

4 Injury or Positive injury line on T1

periosteal reaction or T2 weighted scans

*Adapted from Clin Sports Med, 16/2, Arendt EA,
Griffiths HJ, The use of MR imaging in the assessment
and clinical management of stress reactions of bone in
high-performance athletes, 291-306, 1997, with permis-
sion from Elsevier

increased uptake in the sacrum and another in a
pelvic site are diagnostic of insufficiency fractures
[37]. Grading of stress fractures on bone scans has
been proposed as grade 1, a small, ill-defined cor-
tical area of mildly increased activity; grade 2,
larger well-defined cortical area of moderately
increased activity; grade 3, wide to fusiform
involvement, cortical-medullary area of highly
increased activity; and grade 4, transcortical area
of intensely increased activity [39]. This grading
system has also been correlated to MRI findings
as Grade 1, mild to moderate periosteal edema on
T2 with normal marrow; grade 2, moderate to
severe periosteal edema on T2 with marrow edema
on T2; grade 3, moderate to severe periosteal
edema on T2 with marrow edema on T1 and T2;
and grade 4, moderate to severe periosteal edema
on T2 with a clearly visible fracture line and mar-
row edema on T1 and T2 images [40]. It should be
noted that a more recent study made note that peri-
osteal edema is often observed on MR but not
always present in a bone stress injury [41].

Specific Sites of Insufficiency
Fractures and Management

Pelvis

Pelvic insufficiency fractures are more often
seen in elderly individuals with osteoporosis
though any condition that leads to premature
osteoporosis can predispose to the development
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of an insufficiency fracture. Pelvic insufficiency
fractures are also associated with a history of
radiation therapy in postmenopausal women. In
younger women, a pelvic insufficiency fracture
is most often observed in the inferior pubic rami
[42]. Insufficiency fractures in the pelvis can
often present as low back pain making the proper
diagnosis more difficult to determine. Because
plain radiographs oftentimes do not visualize
these fractures with certainty, MRI of the pelvis
is often necessary to confirm the diagnosis.
Patients may have previously had an extensive
lower back workup with the causative fracture
escaping previous imaging attempts. In a 2008
study of MRI and CT imaging of 145 patients
with pelvic and proximal femur stress fractures,
it was found that 70.3 % of patients had a stress
fracture at more than 1 site. In patients with
pubic stress fractures 89.2 % had concomitant
stress fractures, most commonly in the sacrum
and acetabulum. In patients diagnosed with ace-
tabular stress fractures, 76 % had concomitant
fractures [43].

Pelvic insufficiency fractures are generally
considered low-risk for malunion or nonunion
in active individuals, therefore treatment gen-
erally consists of conservative management
[44]. As mentioned previously, any underlying
medical cause must be investigated and treated
appropriately. A period of rest with gradual
return to activity is usually utilized for pelvic
insufficiency fractures. Limited or non-
weightbearing is prescribed for 2-6 weeks
with gradual progression to full weightbearing.
Prolonged low-impact activities should be
achieved without pain before resumption of
high-impact exercises [44].

Sacrum

Like the pelvis, sacral insufficiency fractures can
be difficult to diagnose. Bone scanning is gener-
ally very sensitive for detecting sacral insuffi-
ciency fractures as a characteristic “H” pattern or
the combination of concomitant sacral and para-
symphyseal uptake being typical of fractures in
this region [45]. Sacral insufficiency fractures are
also more common in elderly individuals and can
be a cause of significant back pain. As with other
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insufficiency fractures, osteoporosis and condi-
tions that are associated with osteoporosis such
as hyperparathyroidism and renal osteodystrophy
are the most common underlying causes though a
history of radiation therapy and Paget’s disease
of bone are other possibilities [46, 47]. It is also
important to rule out tumor as a cause of the frac-
ture. A 2013 study found that menstrual irregu-
larities were noted in 75 % of female athletes
with trabecular bone injuries, which includes the
sacrum [41]. This presents further evidence that
female athlete triad risk factors are associated
with insufficiency fractures normally found in
elderly women.

Similar to pelvic insufficiency fractures, sacral
insufficiency fractures are generally low-risk in
terms of malunion/nonunion [44]. As such, many
authors advocate initial conservative manage-
ment consisting of rest, pain control, and modi-
fied weightbearing. Conservative management is
usually the preferred treatment method in
younger individuals with sacral insufficiency
fracture and return to sport has been reported
between 3 and 6 months in distance runners with
stress fracture, many of whom exhibited charac-
teristics consistent with the female athlete triad
[48, 49]. Resolution of symptoms can be a
lengthy and risky process with conservative man-
agement in older individuals; therefore, surgical
treatment techniques are sometimes the pre-
ferred treatment method. Surgical management is
usually only considered in younger athletes after
failed conservative management. A variation to
vertebroplasty, sacroplasty, is one possible sur-
gical treatment method which involves injection
of polymethylmethacrylate cement under fluoro-
scopic guidance into the fracture. The benefits
of sacroplasty as compared to conservative man-
agement include earlier mobilization and symp-
tom relief as well as reduction of risks associated
with prolonged immobilization [47, 50, 51].
Techniques of this procedure vary per surgeon as
posterior approach, long axis approach, and mid-
line approach have been advocated. The most
significant complication is extravasation of
cement outside of the fracture which may cause
neurological sequelae [52].
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Spine

Spinal insufficiency fractures can occur in various
regions of the spine and in different areas of the
vertebrae but are most often associated with the
vertebral body. While spinal insufficiency frac-
tures such as wedge or burst fractures are a com-
mon cause of back pain in the elderly with
osteoporosis, literature is lacking in terms of ver-
tebral insufficiency fractures in the younger ath-
lete. Theoretically any condition that leads to
decreased bone density in an athlete could pre-
dispose an athlete to sustain spondylolysis or a
vertebral insufficiency fracture similar to an
elderly osteoporotic patient. As such, care must
be exercised in evaluating an athlete with back
pain and risk factors for decreased bone density.

Hip and Femur

Insufficiency fractures of the femur can occur at
several locations including the femoral head,
femoral neck, femoral diaphysis, and femoral
condyles. An insufficiency fracture of the hip can
be a catastrophic injury in an athlete and as with
other insufficiency fractures prevention and treat-
ment of underlying risk factors are of monumen-
tal importance in minimizing time-lost to these
injuries. Patients presenting with stress fractures
in the hip often report pain in the anterior groin
and pain with internal and external rotation of the
hip [53, 54]. Radiographs and oftentimes MRI
are of great importance in distinguishing these
conditions because hip pathologies such as femo-
roacetabular impingement often present with
similar anterior groin pain and pain with hip
internal rotation.

One possible insufficiency fracture of the hip
is subchondral insufficiency fracture of the femo-
ral head. Initially, radiographs may be negative
until callus formation is viewed in resolving
cases [55]. In patients that progress to collapse of
the femoral head, a fracture line termed a “cres-
cent sign” may be observed. Because subchon-
dral insufficiency fracture of the femoral head
often escapes early detection by radiographs,
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MRI is necessary in suspected cases. Bone mar-
row edema and a low-signal intensity line on T1
images parallel to the subchondral bone are often
observed [37]. Subchondral insufficiency frac-
ture is oftentimes confused with osteonecrosis of
the femoral head. A history of corticosteroid use
or alcohol abuse may raise suspicion of osteone-
crosis while a history of osteoporosis may raise
suspicion of subchondral insufficiency fracture
[56]. Radiographic appearance and MR findings
may be similar between subchondral insuffi-
ciency fracture and osteonecrosis. While not
always reliable, a high signal intensity of the
proximal segment divided by the fracture line on
a T2 or gadolinium enhanced image suggests
subchondral insufficiency fracture while in
osteonecrosis, before healing occurs, the sub-
chondral bone segment proximal to the low
intensity band is of lower signal intensity.
Histopathology is the diagnostic confirmatory
test to discern the two entities.

It has been suggested that if femoral head col-
lapse is not present conservative management
may be utilized. In cases of anterosuperior femo-
ral head collapse in young patients a transtro-
chanteric rotational osteotomy may be a treatment
option while hemiarthroplasty or total hip arthro-
plasty is utilized in elderly patients [57].

Another possible insufficiency fracture of the
hip occurs at the femoral neck. On MRI, fracture
lines and bone marrow edema are often appreci-
ated, especially on coronal images [43]. It is
important to distinguish the affected area of the
femoral neck as insufficiency fractures occurring
at the superior femoral neck (tension side) are at
significant risk for malunion, nonunion, fracture
migration across the femoral neck with subse-
quent displacement, and consequently avascular
necrosis [53]. While strict non-weightbearing
may successfully treat these fractures, their pro-
pensity for displacement oftentimes leads to can-
cellous lag screw fixation of the femoral neck
[58]. In addition, these patients require 6 weeks
of non-weightbearing followed by 6 weeks of
partial weightbearing postoperatively. In contrast,
an insufficiency fracture occurring at the inferior
femoral neck (compression side) is at signifi-
cantly lower risk for nonunion and displacement
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Fig. 16.1 Bilateral insufficiency fractures on the com-
pression (inferior) side of the femoral neck in a patient
with suspected osteomalacia. Fractures indicated by
arrows. Image courtesy of Joanna Costello, M.D.

Fig.16.2 T2 sagittal MRI image of a subchondral insuf-
ficiency fracture with subchondral collapse of the medial
femoral condyle in a previously active 64-year-old male.
Note the significant bone marrow edema and subchondral
collapse indicated by the arrow. Image courtesy of Joanna
Costello, M.D.

and can most often be treated non-operatively
[53, 59] (Fig. 16.1).

It should be noted that subchondral insuffi-
ciency fracture can also occur in the femoral
condyles and may be termed spontaneous osteo-
necrosis of the knee (SONK or SPONK)
(Fig. 16.2). These insufficiency fractures have
also been associated with low bone mineral
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density [60]. Subchondral insufficiency frac-
tures in this region are initially treated with pain
management, protected weightbearing, and pos-
sibly bisphosphonates [61] with refractory
cases necessitating high tibial osteotomy [62],
unicompartmental arthroplasty [63], or total
knee arthroplasty.

Insufficiency fracture can also occur at any
point along the femoral diaphysis. Clinical presen-
tation often includes pain in the thigh with weight
bearing. These fractures tend to have a lower risk
of nonunion and displacement so management
typically consists of conservative measures.

Tibia

The tibia is a common location of both insuffi-
ciency and fatigue stress fractures in the athlete.
These stress fractures tend to present in dis-
tance runners and can be a source of continuous
pain and debilitation. A 2005 study of imaging
findings in early tibial stress injuries in active
young patients found that 21/50 of the tibiae
studied were osteopenic [64]. This finding high-
lights the fact that many tibial stress fractures
can be classified as insufficiency fractures
rather than fatigue fractures due to the presence

Fig.16.3 (a) Anterior
tibial diaphyseal stress
fracture in a 19-year-old
gymnast with risk factors
for the female athlete triad.
Fracture indicated with
arrow. (b) Postoperative
radiograph demonstrating
successful treatment with
an antegrade intramedul-
lary nail following a failed
course of non-operative
management as well as
calcium and vitamin D
supplementation. The
fracture line is less visible
2.5 months postoperatively.
Location of original
fracture line indicated with
arrow. Images courtesy of
Joanna Costello, M.D.
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of underlying abnormality. This also highlights
the fact that prevention of osteopenia in young
patients is of significant importance in terms of
fracture prevention.

Due to the possibility of nonunion and exten-
sion of the fracture line, anterior tibial diaphyseal
stress fractures are classified as high-risk.
Patients often present with complaints of pain
with weightbearing activities and tenderness over
the anterior tibia [53]. Oftentimes, tibial stress
fractures may be appreciated on plain radio-
graphs as a cortical thickening or in persistent
fractures, a transverse fissure line in the cortex
[65] (Fig. 16.3a). On occasion, multiple fissures
corresponding to more than 1 stress fracture may
be observed. If left untreated these small defects
can progress to a complete fracture through both
cortices. With inconclusive radiographs in high-
level athletes, MRI is a standard imaging tech-
nique. T2 and STIR MRI sequences most often
confirm cortical abnormalities, a round or oval
area of high signal intensity and a hyperintense
line through the cortex.

Athletes that fail a period of non-weightbearing
with crutches and possible pneumatic bracing may
necessitate surgical treatment. Successful union,
resolution of pain, and return to play at as early as
4 months has been reported with intramedullary
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nailing (Fig. 16.3b) [66], anterior tension band
plating [67-70], or drilling with bone grafting of
the cortical defect [71, 72].

Foot

Stress fractures of the foot have been reported in
every bone except the lesser toes. Commonly
affected sites include the calcaneus, talus, navic-
ular, and metatarsals. Because of the large num-
ber of bones in the foot, localization of the
potential fracture may be difficult. Insufficiency
fractures of the foot are especially common in the
neuropathic foot associated with diabetes melli-
tus and in the elderly with osteoporosis though
they may occur in younger athletes with underly-
ing bone density issues.

Like other stress fractures, calcaneal stress
fractures are more likely to be fatigue fractures
in young patients or insufficiency fractures in
the elderly though they do occur as insufficiency
fractures in younger athletes. Insufficiency frac-
tures of the calcaneus commonly present with
pain and tenderness, especially in the posterior
superior region [44]. The pain may mimic
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Achilles tendinitis/bursitis so proper imaging is
necessary to differentiate between the two.
Radiographs may be useful in the imaging of
these lesions and the fractures are usually viewed
as a sclerotic line that lies in a vertical-type ori-
entation [44]. MRI is also useful in confirming
these fractures and differentiation from Achilles
pathology and more severe lesions such as
tumor. Marrow edema is often present on T2
sequencing and a vertically oriented fracture line
may be appreciated [73]. Calcaneal stress frac-
tures are classified as low-risk for nonunion,
therefore they may successfully heal with non-
operative management which can include non-
weightbearing progressed to a boot and
subsequently adequate heel lift and padding.
Fracture healing may be affected if underlying
medical pathologies are not treated as well.
Figure 16.4a, b presents a case of insufficiency
fracture of the calcaneus in a 26-year-old female
runner that healed after prolonged conservative
and medical management.

The talus is another hindfoot bone that may
experience insufficiency fracture. These fractures
are associated with decreased bone density [74]
and rheumatoid arthritis [75]. Talar stress fractures

Fig.16.4 (a) T1 weighted sagittal MRI image of a curvi-
linear calcaneus insufficiency fracture in an active
26-year-old runner with progestin only birth-control
induced amenorrhea, vitamin D deficiency and DEXA
confirmed osteopenia. Fracture line indicated by arrow.
(b) T2 weighted sagittal MRI image demonstrating bone
marrow edema (indicated by arrows) in the area of the

fracture. The patient was treated with estrogen containing
contraceptive medication, calcium and vitamin D supple-
mentation, extended non-weightbearing and was eventu-
ally transitioned to a boot and full weightbearing.
Two-year follow-up DEXA scanning demonstrated
improvement in bone density to Z-scores within normal
ranges. Images courtesy of Joanna Costello, M.D.
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can occur in the talar body, talar neck, or lateral
process with the majority occurring in the talar
head in young patients [76]. Patients may com-
plain of pain in various areas of the foot, making
these fractures difficult to localize [74]. Standard
radiographs may not appreciate these lesions
therefore MRI and/or CT are usually necessary.
On MR imaging, bone marrow edema is often
observed on T2 weighted imaging and a sub-
chondral linear fracture line may be viewed on
T1 weighted images. In contrast to stress frac-
tures of the calcaneus, talar insufficiency frac-
tures are at high-risk for nonunion and often
necessitate surgical treatment though healing
with protected weightbearing and casting has
been reported [53, 74].

Metatarsal stress fractures, specifically Sth
metatarsal stress fractures are a well-studied
injury in athletes. While metatarsal stress frac-
tures are most often of the fatigue type, insuffi-
ciency fractures have been reported. According
to the most common anatomical classification
system, fifth metatarsal stress fractures are
found at the proximal diaphysis and are not to be
confused with the avulsion (Zone 1) fracture or
Jones (Zone 2) fracture. As opposed to the Jones
fracture which is located at the metaphyseal-
diaphyseal junction and enters the 4th and 5th
metatarsal articulation, the stress fracture lies
distal to the 4th-5th articulation [77, 78].
Patients often report pain exacerbated by inver-
sion and tenderness over the lateral foot. These
fractures can most often be observed on stan-
dard radiographs as a radiolucent line making
further imaging unnecessary in most cases.
Second metatarsal base and fifth metatarsal frac-
tures are considered high-risk and are prone to
nonunion and refracture after conservative man-
agement making intramedullary screw place-
ment the preferred treatment method [77-79]. A
2014 study of 5th metatarsal fractures, foot
stress fractures, and ankle fractures found that
47 % of the patients studied had a vitamin D
level below the recommended level, suggesting
that a number of these fractures may have a
component of insufficiency rather than solely
being fatigue fractures [80].

M.J. Tranovich and V.J. Wright

Upper Extremity

Upper extremity stress fractures are relatively
uncommon injuries. Most literature reports
examining upper extremity stress fractures
explore fatigue type injuries rather than the less
common insufficiency fracture in a younger ath-
lete. Sites of reported stress fracture include the
shoulder girdle, humerus, ulna, radius, scaphoid,
and metacarpals. Throwing athletes, swimmers,
gymnasts, weight lifters, and rowers are the more
commonly reported athletic populations that sus-
tain upper extremity stress injury [81]. In general
upper extremity stress fractures are considered
low-risk for nonunion and can be successfully
treated with non-operative management [44]. Li
and colleagues reported the case of a 12-year-old
male baseball pitcher with secondary hyperpara-
thyroidism and vitamin D deficiency that sus-
tained a proximal humeral stress fracture and
subsequently was diagnosed with a proximal
ulnar stress fracture as well as spondylolisthesis.
Interestingly, the athlete had a Z-score of 2.76
consistent with significantly elevated bone min-
eral density. The authors concluded that this
increased bone mineral density may have trans-
lated into bone changes similar to osteopetrosis.
The athlete was treated non-operatively and with
medical management of his vitamin D levels and
subsequently returned to baseball participation
[82]. Being that a stress fracture associated with
abnormal bone is an insufficiency fracture, it is
clear that upper extremity insufficiency fractures
do occur in athletes and at times may be misclas-
sified as fatigue fractures. As with other stress
fractures, underlying medical diagnoses must be
ruled out before concluding the presence of
fatigue fracture rather than insufficiency fracture
in the young athlete.

Summary

Insufficiency type stress fractures are less com-
monly reported than fatigue type stress fracture
but do in fact occur in athletes. At particular risk
are aging athletes with osteopenia or osteoporosis
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and younger athletes with decreased bone density
as aresult of underlying causes such as the female
athlete triad. Recognition of the causes of abnor-
mal bone predisposing an athlete to insufficiency
fracture is essential in the prevention of this type
of injury. Proper imaging, correction of underly-
ing medical pathologies, and possible surgical
intervention in refractory and high-risk cases are
necessary in order to maximize an athletes’ poten-
tial to return-to-play.
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