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Abstract Stress fracture, in its most inclusive description,
includes both fatigue and insufficiency fracture. Fatigue frac-
tures, sometimes equated with the term Bstress fractures,^ are
most common in runners and other athletes and typically oc-
cur in the lower extremities. These fractures are the result of
abnormal, cyclical loading on normal bone leading to local
cortical resorption and fracture. Insufficiency fractures are
common in elderly populations, secondary to osteoporosis,
and are typically located in and around the pelvis. They are
a result of normal or traumatic loading on abnormal bone.
Subchondral insufficiency fractures of the hip or knee may
cause acute pain that may present in the emergency setting.
Medial tibial stress syndrome is a type of stress injury of the
tibia related to activity and is a clinical syndrome
encompassing a range of injuries from stress edema to frank-
displaced fracture. Atypical subtrochanteric femoral fracture
associated with long-term bisphosphonate therapy is also a
recently discovered entity that needs early recognition to pre-
vent progression to a complete fracture. Imaging recommen-
dations for evaluation of stress fractures include initial plain
radiographs followed, if necessary, by magnetic resonance

imaging (MRI), which is preferred over computed tomogra-
phy (CT) and bone scintigraphy. Radiographs are the first-line
modality and may reveal linear sclerosis and periosteal reac-
tion prior to the development of a frank fracture.MRI is highly
sensitive with findings ranging from periosteal edema to bone
marrow and intracortical signal abnormality. Additionally, a
brief description of relevant clinical management of stress
fractures is included.
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Introduction

Stress fractures are a common entity encountered across all
patient demographics. The first description was in Prussian
military recruits as a metatarsal injury from marching—the
Bmarch fracture^ [1]. The proper definition and pathophysiol-
ogy of the stress fracture today is best understood as two
contrary processes with a similar end result. The fatigue
fracture is the result of an abnormal load upon normal bone,
while the insufficiency fracture is the result of normal loading
upon abnormal bone. The distinction between these two
mechanisms is useful to understand, as the underlying patho-
physiology will help predict sites of injury, the correct etiolo-
gy of the stress fracture, and ultimately a diagnosis that will
guide the referring clinician to the correct treatment option.
This paper will explore the underlying pathophysiology, pre-
sentation, imaging findings, and management of stress frac-
tures for the practicing radiologist and clinician.
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Pathophysiology

Stress fractures are categorized by the underlying state of the
bony matrix being affected and manifests as either fatigue
(normal bone) or insufficiency (osteopenic bone) fractures.
The differences between fatigue and insufficiency fractures
are summarized in Table 1, and the pathophysiology of each
is discussed further in this section.

First, a review of bone science including both bone metab-
olism and structure is useful to fully understand the disease
process of the stress fracture. Lamellar bone predominates in
the adult and is composed of cortical (80 %) and cancellous
bone (20%). Cortical bone is foundmainly in the diaphyses of
the long bones and also comprises the Bshell^ of the cuboid-
like bones such as vertebral bodies. The majority of stress
fractures in runners occur in cortical bone. Cancellous bone
is found in the metaphyses of long bones and the center of
cuboid-like bones. It is less dense, undergoes more rapid turn-
over, and more stress remodeling than cortical bone [2].

Three major types of bone cells are involved in bone turn-
over: osteoblasts, osteocytes, and osteoclasts [3]. Their indi-
vidual roles are essential to understanding stress fractures. The
osteoblasts are the builders of bone and line the surface of the
bone, primarily producing bone matrix, including type I col-
lagen and osteocalcin. These cells are derived from undiffer-
entiated mesenchymal cells and have receptors for parathyroid
hormone (PTH) and 1,25-dihydroxyvitamin D. The osteo-
cytes are former osteoblasts, the veterans of the bone, and
have become surrounded by calcified bony matrix. Their role
is to maintain bone and extracellular concentrations of calci-
um and phosphorus. The osteoclast is the destroyer of bony
matrix and functions to resorb bone. It is derived from a he-
matopoietic cell line [4].

Bone is a solid material and behaves similar to materials
used in structural engineering such as metal, wood, and plas-
tic. These materials follow Wolff’s law. As stress on bone is
increased, it begins to deform through the bone’s elastic range,
but can ultimately return to its original configuration. Stress
beyond the elastic range creates microfractures and a persis-
tent plastic deformity. Eventually, these microfractures

coalesce into a discontinuity within the cortical bone—a stress
fracture. Beyond this is the failure point of bone, which results
from increased microfractures and cortical cracks until the
failure point is exceeded and catastrophic fracture occurs
[5–7].

Fatigue fractures

The fatigue fracture is the result of an abnormal repetitive load
upon normal bone and occurs during an abrupt increase in
frequency, duration, or intensity of activity when bone resorp-
tion (osteoclasts) is greater than replacement (osteoblasts).
This type of stress fracture commonly occurs in the young
active individual, such as the athlete or military recruit.
Contributing risk factors are not mutually exclusive of one
another; however, they can be divided into two broad catego-
ries: extrinsic and intrinsic factors [2].

Extrinsic factors include training regimen, footwear, train-
ing surface, and type of sport. For example, ballet dancers who
train for greater than 5 h per day have a significantly greater
risk of developing a stress fracture than those who train less
[8]. Interestingly, Bennell et al. demonstrated the rates of
stress fractures differed in types of sport played. Sprinters,
hurdlers, and jumpers develop more foot fractures, while long
distance runners have more long bone and pelvic fractures [9,
10]. Intrinsic factors are defined as characteristics of the indi-
vidual person and include gender, age, race, and overall fitness
level, as well as skeletal, muscle, joint, and biomechanical
factors [2, 11].

Most studies have concluded that females have a higher
incidence of fatigue fractures compared with males. While
the etiology of this finding is likely multifactorial, this obser-
vation has been partially attributed to the female athlete triad.
The triad consists of the interrelated problems of eating disor-
ders, amenorrhea, and osteoporosis, which through a complex
interplay of nutritional deficiency, hypothalamic and estrogen
abnormalities, as well as delayed menarche leads to reduced
bone mineral density and places the female athlete at a signif-
icant risk for stress fractures [12–14]. Of course, not all female
athletes are categorized as having the triad, but many may be

Table 1 Summary of the differences between fatigue and insufficiency fractures

Fatigue fractures Insufficiency fractures

Definition Fracture resulting from abnormal chronic repetitive
stress on normal bone

Fracture secondary to normal stress on
abnormally weakened bone

Epidemiology Young, athletes Females > males Elderly Low body mass index (BMI)
Females > males

Pathophysiology Abnormal load leads to remodeling; when resorption
is greater than replacement a fracture occurs

Normal load on weakened bone (osteopenia
or metabolic bone disease)

Common locations Tibia, fibula, metatarsals, femoral neck, pubic rami,
calcaneus, and navicular

Sacrum, pubic rami, superior acetabulum,
femoral head, medial femoral condyle
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along a spectrum and encompass some of the risk factors. For
example, multiple studies have shown that stress fractures are
more common in amenorrheic or oligomenorrheic women [9,
10, 15, 16]. Nonetheless, the overlying theme is that active
women (e.g., military and female athletes) have a higher inci-
dence of fatigue fractures than men when undergoing similar
training regimens [13, 17–19]. Additional gender differences
including narrower bone width and a slower neuromuscular
response may also be culprits in these observed differences
between women and men [20, 21].

Typical locations of fatigue fractures include, in decreasing
order of incidence: the tibia (33 %), tarsal bones (20 %), meta-
tarsals (20 %), femur (11 %), fibula (7 %), and pelvis (7 %)
[22, 23]. In addition to the increased incidence of stress frac-
tures in women, they tend to show a different distribution of
injury, with the female pelvis and metatarsals more common,
and the fibula less affected [24]. For foot and ankle overuse
injuries, other potential contributing factors include
malalignments (hyper/hypo-pronation, pes planus/cavus,
forefoot or hindfoot varus/valgus, tibia vara, genu valgum/
varum), limb length discrepancies, tarsal coalition, previous
surgeries or trauma to the same or opposite limb, joint laxity or
instability, and muscles weakness or imbalance [25]. All of
these factors can alter the complex biomechanics and weight-
bearing dynamics of the lower extremity and place undo
stresses on one bone or set of bones to compensate for these
alignment abnormalities or other deficiencies.

Upper extremity fatigue fractures are uncommon, but can
occur, particularly with gymnastics, weightlifting, and throw-
ing sports, such as baseball or softball [26]. Reported upper
extremity stress injury sites include the clavicle, scapula, first
rib, proximal humeral physis (Blittle leaguer’s shoulder^) or
shaft, medial humeral epicondyle (Blittle leaguer’s elbow^),
olecranon, distal radial physis (Bgymnast’s wrist^), and rarely
the carpal (scaphoid, hamate, triquetrum) or metacarpal bones
[26].

Insufficiency fractures

Insufficiency fractures are the result of normal loading upon
abnormally weakened bone. Several predisposing factors
have been identified as the cause of insufficiency fractures
with the common entity often being osteoporosis (primary or
secondary). Other risk factors include rheumatoid arthritis,
metabolic bone disease, neurological disorders, prior irradia-
tion, total hip replacement, corticosteroid therapy, high-dose
fluoride therapy, and bisphosphonate therapy, among others
[6, 7, 25, 27]. In these situations, bone elasticity and mineral
content are compromised.

Osteocyte lacunae demonstrate increased mineralization
and sensitivity to mechanical stress as well as increased acti-
vation of bone remodeling in osteoporotic patients, ultimately
leading to an equilibrium imbalance favoring bone resorption

over bone formation [28, 29]. Biomechanical studies have
demonstrated that cortical porosity of 20 % can decrease bone
strength, and in patients over 65 years old, the average cortical
porosity is 46 % [30]. Muscles normally absorb some of the
normal mechanical stress, providing a protective effect to the
adjacent bone. Muscle atrophy is often encountered in the
elderly, and with marked sarcopenia, this protective effect is
lost [31].

As a result of the abovementioned etiologies, elderly and
post-menopausal women are most at risk for developing in-
sufficiency fractures [6]. These fractures typically involve the
spine (vertebral compression fractures), sacrum or pelvis
(Fig. 1), lateral femoral neck, or subchondral regions of the
femoral head or medial femoral condyle of the knee.
Subchondral insufficiency fractures of the knee (formerly
known as spontaneous osteonecrosis of the knee or SONK)
are also three times more common in women and are associ-
ated with meniscal tears in up to 80 % of patients [32, 33].

Bisphosphonate-related atypical subtrochanteric femoral
fractures

Bisphosphonates are synthetic analogues of inorganic pyro-
phosphate and potently inhibit bone resorption via the induc-
tion of osteoclast apoptosis and enhancement of secondary
mineralization of bone, leading to increased osseous density.
Bisphosphonate use has become widespread for the treatment
of osteoporosis, hypercalcemia, Paget disease, and more re-
cently pediatric diseases such as osteogenesis imperfecta, ju-
venile osteoporosis, and fibrous dysplasia [34, 35].

However, bisphosphonates can induce a relative suppres-
sion of bone turnover in some areas, particularly the jaw and
the subtrochanteric femur. Long-term use can lead to quanti-
tatively harder osseous matrix, but one that is inherently more
brittle and less resilient to microtrauma, resulting in
osteonecrosis of the jaw or atypical femoral subtrochanteric
insufficiency fractures [36–38]. The incidence of atypical
femoral subtrochanteric fractures in patients on bisphospho-
nate therapy for more than 3 years may be as high as 2 % [39,
40]. These may be bilateral in up to 55 % of cases [41].

Clinical presentation

Stress fractures almost universally present with pain upon ac-
tivity and point tenderness. The pain is relieved with rest and
worsens when the activity is continued. Typically, the presen-
tation occurs when there has been a change in intensity of the
activity, be it an increased vigor with which an athlete is train-
ing or the Bweekend warrior^who only intermittently engages
in strenuous activity without regular training [6]. Stress frac-
tures can occur in almost any bone, although over 95 % of
stress (fatigue) fractures occur in the lower extremities [42].
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Furthermore, as the vast majority of stress reactions occur
in the tibia, the unique entity of the medial tibial stress syn-
drome has been recognized as a manifestation of stress injury
along a spectrum of commonly known terms such as growing
pains, shin splints, and overt stress fractures [43].

Insufficiency fractures of the pelvis frequently present as
low back, buttock, and groin pain in the elderly [6, 27].
Subchondral insufficiency fractures may present with sudden
onset of severe pain in the absence of or following only minor
trauma and, therefore, may present in an emergency setting.

Imaging

The plain radiograph is first line for imaging of musculoskel-
etal injuries, pain, and suspicion of a stress fracture.
Radiographs are insensitive to early stress fracture and partic-
ularly difficult to diagnosis in the setting of osteopenia.
Nonetheless, when present, a stress fracture may reveal the
following: subtle linear sclerosis (often perpendicular to major
trabeculae), focal endosteal or periosteal reaction, and fracture

through one cortex with superimposed periosteal reaction
(Fig. 2a) [6].

MR imaging is extremely sensitive (sensitivity 100 %,
specificity 85 %), although typically a second-line modality,
obtained when radiographs are normal, pain is of unknown
etiology, or in athletes requiring a definitive diagnosis. A lin-
ear hypointense fracture line on T1-weighted and T2-
weighted images with adjacent bone marrow and soft tissue
hyperintensity on T2-fat saturated or short tau inversion re-
covery (STIR) sequences (edema) are typical findings
(Fig. 2b). Periosteal new bone will demonstrate low signal
on all sequences, and adjacent soft tissue edema may also be
present.

MR imaging findings of medial tibial stress syndrome can
be classified into discrete grades based on fluid-sensitive and
T1-weighted characteristics of the stress injury, as first de-
scribed by Fredericson et al. (Table 2, Fig. 3) [44]. Kijowski
et al. expanded on this topic with the aim of determining the
clinical significance of the imaging findings [45]. Grade 1
imaging features resulted in an estimated time of return to
sports activity of 2–3 weeks, whereas grades 2 through 4a

Fig. 1 Illustration demonstrating
the common sites of insufficiency
fractures involving the sacrum
and pelvis

Fig. 2 A 22-year-old female
basketball player with left foot
pain. Oblique radiograph (a)
demonstrates focal periosteal
reaction of the 2nd, 3rd, and 4th
metatarsal shafts, consistent with
stress injuries (arrows). Sagittal
STIR MRI of the 2nd metatarsal
(b) shows periosteal and marrow
edema (arrowhead)
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injuries resulted in longer average times to return to activity of
6–7 weeks. Frank stress fractures (grade 4b) resulted in aver-
age time to return to activity of 9–10 weeks, with a wide
range. This establishes the importance of early detection of
these injuries for proper treatment and may ultimately prolong
the career of the athlete [43, 45].

MRI is also important for diagnosing subchondral insuffi-
ciency fractures, which are not apparent on radiographs unless
there is linear subchondral lucency or collapse.MRI will show
a convex curvilinear hypointensity paralleling the articular
surface with prominent adjacent bone marrow edema on
fluid-sensitive sequences, often extending into the metaphysis
(Fig. 4) [46]. In some cases, the curvilinear hypointensity may
be subtle or inapparent, particularly if images were obtained
sub-optimally with a low-field strength scanner, with a large
field of view, or without a dedicated joint-specific coil, and

thus only the bone marrow edema may be appreciated. In
those cases, transient bone marrow edema syndrome or early
avascular necrosis should also be considered in the differential
diagnosis. As such, short-term follow-up MRI to document
resolution after limited weight-bearing and other conservative
therapy should be obtained. Newer techniques such as dynam-
ic post-contrast MR perfusion imaging may allow earlier dif-
ferentiation from avascular necrosis [47].

Computed tomography (CT) is useful for identification of
longitudinal fracture lines and has the added benefit of orthog-
onal reformations. In particular, when osteoid osteoma is on
the differential diagnosis, cross-sectional CT will reveal the
central lucent nidus of an osteoid osteoma, while a linear

Table 2 Fredericson MRI
classification for medial tibial
stress syndrome

Grade Periosteal edema Marrow STIR SI Marrow T1 SI Intracortical signal

0 No Normal Normal Normal

1 Yes Normal Normal Normal

2 Yes High Normal Normal

3 Yes High Low Normal

4a Yes High Low Focal abnormality

4b Yes High Low Linear fracture

Fig. 3 Fredericson classification of medial tibial stress syndrome with
representative axial STIR and T1 MR images and illustrations

Fig. 4 A 68-year-old man with recent onset knee pain. Coronal STIR
MR image demonstrates subchondral curvilinear hypointensity (arrow)
with prominent adjacent bone marrow edema extending close to the
physeal scar, consistent with a subchondral insufficiency fracture
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fracture line will be apparent in the case of a fatigue fracture.
Additionally, CT is useful in the evaluation of stress injury of
the spine. Often, the fracture line of par interarticularis stress
fractures (spondylolysis) can be seen on CT but remains oc-
cult on radiograph and difficult to visualize on MR imaging
[48]. Nevertheless, CT can provide false reassurance regard-
ing the activity of a stress injury. Chronic lesions may have the
appearance of bone turnover on CT, while their true activity
and edema cannot be assessed, as is possible with bone scin-
tigraphy and MRI, respectively [48]. CT is insensitive for the
evaluation of transverse fractures; however, reformations in
multiple planes may be useful.

Ultrasound is increasingly becoming a readily available
and efficient tool for evaluation of stress fractures. Primarily
limited to the evaluation of more superficial bones, ultrasound
can evaluate the hyperechoic superficial margins of cortical
bone, revealing cortical buckling and surrounding hypoechoic
callus. Although not validated, Power Doppler technology can
be used to evaluate vascularity, an increase in which may
suggest acuity of bone injury [48].

Many initial studies have reviewed the use of bone scintig-
raphy in the evaluation of stress injuries and three-phase
Technetium-99m-methylene diphosphonate (Tc-99m-MDP)
bone scans are often considered the gold standard. The mo-
dality is excellent for its sensitivity in detecting abnormal met-
abolic bone activity; however, it is inherently weak in its spec-
ificity, with up to 40 % of increased tracer uptake occurring at
asymptomatic sites [49]. A three-phase bone scan is per-
formed consisting of an immediate post-injection angiograph-
ic phase, a blood pool phase, and delayed 2- to 4-h imaging.
Activity is demonstrated in areas of new bone formation at
sites of healing stress fractures where there is osteoblastic
activity occurring. With medial tibial stress syndrome, in-
creased uptake may only be seen on the delayed phase [50].
Insufficiency fractures may be asymptomatic and found inci-
dentally on bone scintigraphy or plain films [23, 51]. 18F-
fluorodeoxyglucose (FDG) positron emission tomography

(PET) or PET/CT can also demonstrate activity at stress frac-
ture sites. Some patterns of uptake, such as the BHonda sign^
for sacral insufficiency fractures can be diagnostic, with sen-
sitivity and positive predictive value of up to 96 and 92 %,
respectively (Fig. 5) [52, 53].

Of all of these useful imagingmodalities, MRI provides the
most comprehensive evaluation of stress injuries and reveals
both functional and morphologic information about the bone
[48]. For insufficiency fractures of the pelvis and proximal
femur, MRI has been shown to be superior to CT, with sensi-
tivities of 99 and 69 %, respectively [54]. Table 3 summarizes
the advantages and typical features of stress fracture for each
imaging modality.

Bisphosphonate-related atypical subtrochanteric femoral
fractures

These fractures may be subtle on radiographs, beginning
with focal lateral cortical thickening progressing to develop-
ment of focal cortical lucency and ultimately a discrete

Fig. 5 An 83 year-old-man with prostate cancer and history of pelvic
radiation therapy. Tc99m-MDP bone scan demonstrates typical pattern of
butterfly or H-shaped sacral uptake consistent with the BHonda sign,^
indicating sacral insufficiency fractures

Table 3 Summary of stress
fracture imaging Imaging

modality
Findings and advantages/limitations

Radiographs Linear sclerosis, often perpendicular to major trabeculae

Focal endosteal/periosteal reaction Fracture through one cortex with periosteal reaction

MRI Linear hypointense fracture line on all pulse sequences Adjacent bone marrow and soft tissue
edema

Sensitivity 100%, specificity 85%

CT Optimal for identifying longitudinal fracture line Can miss transverse fracture without
reformations

Ultrasound Cortical step-off with adjacent hypoechoic callus

Superficial bones, Power Doppler for vascularity

Bone scan Increased tracer uptake on all three phases

Sensitive, but has potential for false positives
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transverse lucent linear fracture line [38]. This finding is
sometimes referred to as the Bdreaded black line,^ given the high
risk that this incomplete lateral cortical fracture will progress to a
complete fracture if left untreated. These findings may be at the
edge or just beyond the visualized field of view of pelvic or hip
radiographs. Beaking of the lateral cortex at the fracture margin,
minimal comminution and the presence of a medial spike can
help to differentiate a completed bisphosphonate-related fracture
from a post-traumatic one (Fig. 6) [55]. MRI may demonstrate
periosteal reaction and marrow edema before radiographic find-
ings are apparent, and cortical abnormalities may also be identi-
fied earlier on MRI [56].

Differential diagnosis

A careful review of the history and clinical exam is key to the
effective interpretation of potential stress injuries. On

conventional radiographs, the differential diagnosis of stress
injuries includes normal cortical thickening, normal nutrient
artery channel, osteomyelitis/Brodie abscess, osteoid osteo-
ma, other neoplasms (e.g., surface osteosarcoma or metasta-
sis), osteitis pubis, and avascular necrosis [25]. This differen-
tial diagnosis is summarized in Table 4.

Bone marrow edema seen on MR is decidedly non-specif-
ic, but yet very sensitive for very early stress response. The
clinical significance of edema on MR imaging has yet to be
completely defined, as the underlying histological etiology of
the change in signal intensity is still unclear [57]. Bone mar-
row edema can be seen in the setting of neoplasm, infection,
fracture, in the feet of runners and non-runners, and as an
incidental finding in asymptomatic adults and children [32,
57, 58]. Therefore, when present, bone marrow edema needs
to be interpreted in the correct clinical context. A key clinical
feature to differentiate neoplasm and infection from stress in-
jury is that the former will present with pain upon activity and

Fig. 6 An 80-year-old woman with acute left hip pain after minimal
trauma. AP radiograph of the left hip (a) demonstrates a non-
comminuted subtrochanteric fracture of the left proximal femur with
lateral cortical beaking (arrow) and medial spike (curved arrow). A
history of long-term bisphosphonate use was elicited. AP radiograph of

the right proximal femur (b) demonstrates focal lateral cortical thickening
of the subtrochanteric femoral diaphysis with a subtle transverse linear
lucency (arrowhead; Bdreaded black line^). The patient subsequently
received prophylactic intramedullary rod fixation of the right femur in
addition to open reduction and internal fixation of the left femur fracture

Table 4 Differential diagnosis
for stress fractures at imaging Finding Differential diagnosis

Focal cortical
thickening

Normal variant, osteoid osteoma, chronic osteomyelitis/Brodie abscess, stress loading
(arthroplasties)

Periosteal reaction Infection, surface osteosarcoma, hypertrophic osteoarthropathy

Linear lucency Normal nutrient vessel channel, osteomalacia (Looser zones)

Sclerosis Osteitis condensans ilii, osteitis pubis, chronic osteomyelitis

Bone marrow edema Transient bone marrow edema syndrome, avascular necrosis, osteomyelitis, tumor
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rest, while stress fractures typically present as pain with activ-
ity, absent, or decreased with rest [25].

Management

Fatigue fractures

Treatment of a fatigue fracture is generally conservative [59].
Recommendations include protected or limited weight bear-
ing, ice, and physical therapy. Depending on the location of
the stress fracture, surgical therapy is sometimes recommend-
ed. It is important to differentiate between low-risk and high-
risk fatigue fractures and alert the referring orthopedist when
such injuries are discovered.

High- versus low-risk fractures are stratified by location
based on the likelihood of uncomplicated healing with con-
servative management alone (Table 5, Fig. 7). Low-risk sites

include the second through fourth metatarsal shafts, fibula/
lateral malleolus, calcaneus, cuboid, cuneiforms, and medial
femoral neck compression fractures. Medium-risk sites in-
clude the pelvis, femoral shaft, posteromedial tibia, medial
malleolus, and proximal fifth metatarsal. High-risk sites in-
clude the pars interarticularis of the lumbar spine, femoral
head, lateral femoral neck tension fractures, patella (transverse
fractures), anterior cortex of the tibia, and several sites within
the foot: talar body, navicular, proximal second metatarsal,
and great toe or hallux sesamoids [60–62]. Orthopedic or
sports medicine consultation should be obtained when a
high-risk site is involved.

Biopsy should be avoided, as the sample may mimic
an aggressive bone tumor such as parosteal osteosarco-
ma due to the osteoblastic reparative callus, and be his-
tologically confusing. The biopsy also further weakens
the bone, increasing the likelihood the stress injury will
progress to an outright fracture [6].

Table 5 Comparison of sites of
stress fractures based on the
likelihood of uncomplicated
healing with conservative
management only

High risk Medium risk Low risk

Femoral neck tension fracture Femoral shaft Femoral neck compression
fracture

Transverse patellar fracture Pelvis Longitudinal patellar fracture

Mid anterior tibial shaft fracture Posteromedial tibia shaft
fracture

Medial malleolus Fibula/lateral malleolus

Talus and navicular Calcaneus and Cuboid

Proximal 2nd metatarsal and hallux
sesamoids

Proximal 5th metatarsal 2nd–4th metatarsal shafts

Fig. 7 Femoral neck tension versus compression fractures. Coronal CT
reconstruction of the left hip (a) in a 52-year-old woman with pain
demonstrates a linear lucency of the superolateral femoral neck (white
arrow), consistent with a tension fracture. Coronal STIR MR image (b)
in a 23-year-old male runner with pain demonstrates a subtle transverse

linear hypointensity with adjacent bone marrow edema of the
inferomedial femoral neck (black arrow), consistent with a compression
fracture. Tension fractures are high-risk fractures and typically require
fixation to heal. Compression fractures are low-risk fractures that
generally heal well with rest
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Insufficiency fractures

Typical

Ideally, strategies focusing on identifying at risk patients and
applying preventative measures should be applied before in-
sufficiency fractures occur. A bone mineral density (BMD)
test using dual-energy X-ray absorptiometry (DEXA) scan
can identify osteopenic or osteoporotic patients. Secondary
causes of osteoporosis should be excluded. Medical therapy
with bisphosphonates, hormone replacement therapy, calcito-
nin, or other drugs can be considered. Fall prevention steps
should also be undertaken, and education, behavioral modifi-
cation, exercise classes, or a multidisciplinary program may
help, although their role is controversial.

Once insufficiency fractures occur, treatment will depend
on location, fracture extent and displacement, the patient’s
functional status, and co-existing diseases. Osteopenia can
complicate both fracture healing and treatment, with poor
bone stock compromising internal fixation and screw pur-
chase, increasing the risk of non-union. Augmentation with
methylmethacrylate cement may be useful in some instances,
particularly in the spine, sacrum, and pelvis [63]. Bone graft or
bone graft substitutes may also be used to help promote frac-
ture healing.

Subchondral insufficiency fractures

Subchondral insufficiency fractures are treated based on their
radiographic classification: Stage 1 has normal radiographs,
stage 2 demonstrates mild flattening of the weight bearing
surface, stage 3 shows subchondral collapse, and stage 4 has
secondary degenerative changes [32]. Early-stage (stages 1
and 2) lesions are treated with conservative management with
the hope of spontaneous recovery, while late-stage (stages 3
and 4) lesions usually necessitate future arthroplasty.

Bisphosphonate-related atypical subtrochanteric femoral
fractures

Once a bisphosphonate-related atypical insufficiency fracture
is recognized, conservative measures such as limited weight-
bearing and serial radiographs are performed [39]. In addition,
radiographs of the opposite femur should be obtained, as these
can be bilateral in up to 55% of cases [41]. Given the evidence
establishing the efficacy of bisphosphonates and the reported
low fracture occurrence rate of 1.46 per 1000 patients treated
per year, no agreed upon statement for withdrawal of the med-
ication have been proposed [64]. However, recent clinical ev-
idence supports a drug holiday of 3–5 years in asymptomatic
patients demonstrating an improved T score of −2.0 or higher
who have had no history of typical osteoporotic insufficiency
fractures [65]. Because there is a propensity for delayed union

in bisphosphonate-related atypical femoral fractures, there has
been increasing clinical interest in proactively treating incipi-
ent or incomplete cortical injuries with a variety of supple-
mental measures, including recombinant parathyroid hormone
(e.g., teriparatide) and low-intensity pulsed ultrasound [38].
Furthermore, given the subsequent increased morbidity inher-
ent in cases of delayed union, some centers advocate prophy-
lactic internal fixation of stress injuries when detected at ra-
diologic screening, even in the absence of a frank fracture
plane [66].

Conclusion

Stress fractures are an important cause of pain and morbidity,
and the emergency radiologist should be familiar with their
imaging features, which can be subtle or inapparent, particu-
larly on radiographs, as well as having a basic understanding
of the pathophysiology, differential diagnosis, and further
workup and treatment. Stress fractures include both fatigue
fractures (abnormal load on normal bone) and insufficiency
fractures (normal load on abnormal or osteopenic bone).
Fatigue fractures are common overuse injuries most often seen
in athletes, particularly runners, and most often involve the
lower extremities, particularly the foot and tibia (medial tibial
stress syndrome). Insufficiency fractures are common in el-
derly osteoporotic populations, often involving the pelvis.
Important subtypes to recognize are subchondral insufficiency
fractures, most commonly involving the medial femoral con-
dyle or femoral head, and bisphosphonate-related atypical
subtrochanteric femoral fractures.
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