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Abstract Whereas stress fractures
occur in normal or metabolically
weakened bones, pathologic fractures
occur at the site of a bone tumor.
Unfortunately, stress fractures may
share imaging features with patho-
logic fractures on plain radiography,
and therefore other modalities are
commonly utilized to distinguish
these entities. Additional cross-sec-
tional imaging with CT or MRI as
well as scintigraphy and PET scan-
ning is often performed for further
evaluation. For the detailed assess-
ment of a fracture site, CT offers a
high-resolution view of the bone
cortex and periosteum which aids the
diagnosis of a pathologic fracture.
The character of underlying bone
marrow patterns of destruction can

also be ascertained along with evi-
dence of a soft tissue mass. MRI,
however, is a more sensitive tech-
nique for the detection of underlying
bone marrow lesions at a fracture
site. In addition, the surrounding soft
tissues, including possible involve-
ment of adjacent muscle, can be well
evaluated with MRI. While bone
scintigraphy and FDG-PET are not
specific, they offer a whole-body
screen for metastases in the case of a
suspected malignant pathologic frac-
ture. In this review, we present select
examples of fractures that underscore
imaging features that help distinguish
stress fractures from pathologic frac-
tures, since accurate differentiation of
these entities is paramount.

Introduction

Although stress fractures are very common, they remain
one of the most challenging problems in skeletal imaging.
Stress fractures occur in normal or metabolically weak-
ened bones, but, distinguishing these from pathologic
fractures that occur at the site of bone tumors [1] can pose
a significant diagnostic dilemma.

Stress fractures are classified into two groups: those
that result from prolonged cyclical mechanical stresses on
normal bone are referred to as fatigue fractures, while
those that occur with physiologic stress on bones weak-
ened by metabolic disease or radiation treatment are
classified as insufficiency fractures. Fatigue fractures
usually arise at select sites, specific for particular sports.
For example, stress fractures of the tibia affect distance
runners (Figs. 1, 2) [2, 3, 4], whereas stress fractures of

the upper extremities are associated with baseball players
[5]. However, almost any bone in the body can assume a
stress fracture and it is useful to keep in mind that the
incidence of fatigue fractures is increasing in the popu-
lation, with runners now the most commonly affected
group, accounting for 72% of stress fractures in a typical
sports medicine practice [6].

Insufficiency fractures occur more commonly in the
elderly and, in particular, in oncology patients. Many such
patients have unsuspected fractures that are incidentally
detected by computed tomography (CT) or magnetic
resonance imaging (MRI) studies performed for other
reasons. Also, skeletal scintigraphy and positron emission
tomography (PET) scans ordered in oncology patients
may demonstrate activity at the site of a stress fracture [7,
8, 9, 10, 11], and only careful attention to radiographic
and cross-sectional imaging features will distinguish a
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Fig. 1A—D A 15-year-old male runner with focal pain in the left
mid-tibia who underwent CT imaging and bone scan. A Whole-
body bone scan of the lower extremities in the posterior projection
shows nonspecific focal uptake (arrow) in the left tibia. B Spot
views of the lower extremities show nonspecific focal uptake
(arrow) in the left tibia. C Axial high-resolution CT image per-

formed with a 16-slice multidetector CT scanner shows subtle
cortical thickening of the mid-diaphysis of the tibia (arrow). D
Sagittal volume-rendered 3D CT image shows a horizontal stress
fracture (arrow) in the mid tibial diaphysis. Because of the plane of
the fracture, the fracture line was not displayed by axial images
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Fig. 2A—E An 18-year-old male competitive track runner with
tibial pain. The importance of multiple imaging planes is again
emphasized. A Radiograph of the tibia shows no abnormality. B
Axial T1-weighted MR image (SE; TR 700, TE 10) at the level of
the patient’s pain shows no underlying bone marrow abnormality.
C Axial post-contrast T1-weighted MR image (FSPGR; TR 190,
TE 2.6, flip angle 90�) shows apparent nodular enhancement (ar-
row). Periostitis is marked (P). D Sagittal inversion recovery MR

image (FSEIR; TR 3000, TE 30, TI 160) of the tibia shows a
horizontal fracture line (F) and periostitis (P). E Sagittal post-
contrast T1-weighted MR image (FSPGR; TR 190, TE 2.6, flip
angle 90�) shows the fracture (F) more clearly. Apparent nodular
enhancement on the axial image of C represents enhancement of
the horizontal fracture line. Contrast is not needed for the evalua-
tion of a fracture site, but enhancement of the fracture site augments
detection of the fracture
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Fig. 3A—E A 59-year-old woman with history of breast cancer
who underwent bone scanning, radiography and MRI for the
evaluation of metastatic disease. Because her initial imaging was
interpreted as consistent with a metastatic lesion, she underwent a
course of radiation treatment to her femur. Subsequently, she was
referred to our institution. A Bone scan shows focal uptake (arrow)
in the right femur, a nonspecific finding which was reported as a
metastatic lesion. B Radiograph of the right femur reveals focal
cortical thickening (arrow) in the diaphysis. C Coronal T1-
weighted MR image (SE; TR 420, TE 15) shows a stress fracture

(arrow). Note the absence of an underlying bone marrow mass.
Vague decreased T1 signal about the fracture line represents ede-
ma. D Coronal T2-weighted MR image (SE; TR 3500, TE 60)
shows a stress fracture with surrounding bone marrow edema (ar-
row). This fracture was mistakenly reported as a suspicious lesion.
E After therapy, the patient sustained a fall which resulted in a
complete fracture of her right femur. A radiograph shows a ce-
phalomedullary nail traversing the fracture (arrow). Biopsies of the
area revealed no evidence of metastatic disease
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stress fracture from a metastatic lesion or pathologic
fracture. Misdiagnosis of a stress fracture can have dire
consequences, as illustrated in Fig. 3.

Therefore, while the clinical setting of a fracture is
often helpful, the patient population in which stress and
pathologic fractures can occur, overlaps. Hence, optimal
evaluation of a fracture rests with the radiologist, who
must detect the insidious underlying tumor in an other-
wise healthy patient or, conversely, detect a stress fracture
in an oncology patient (Figs. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12). Table 1 summarizes the distinguishing features of
stress and pathologic fractures with each imaging mo-
dality.

Plain radiograph evaluation

The first line of diagnosis is usually the conventional
plain radiograph. However, the limitations of radiography
are well recognized. The initial appearance of a fracture
may be normal or nondiagnostic in the case of a stress
fracture [12, 13, 14, 15,], and misinterpreted in the case of
a pathologic fracture. Stress fracture appearance was
originally described on radiographs with the classic fea-
tures of a lucent fracture line associated with sclerosis,
benign periosteal reaction and endosteal cortical thick-
ening [16]. Stress fractures typically occur at specific
locations in the body related to specific activities. Table 2
lists the typical stress fracture locations associated with
various activities [16]. Nevertheless, features are influ-
enced by location and time between injury and radio-
graphic examination [17, 18], occasionally producing a
deceptive radiographic appearance. For example, a rela-
tively aggressive appearance due to exuberant osteolysis
around a fracture site may confuse a stress fracture with a

pathologic fracture [16]. The differential diagnosis at such
a stage can also include a variety of malignancies in-
cluding osteosarcoma and Ewing’s sarcoma.

Similarly, the initial presentation of a pathologic
fracture may be misinterpreted [19, 20, 21], with a missed
opportunity for appropriate treatment. Again, location of
the fracture plays a role in raising awareness of a potential
pathologic fracture. Three locations are typically associ-
ated with pathologic fractures: the subtrochanteric femur,
the junction of the humeral head and humeral metaphysis,
and the spine [16]. However, in our experience, close to
10% of pathologic fractures are not confidently detected
by the plain radiograph.

Thus, following an initial radiograph, advanced im-
aging techniques are often employed for further evalua-

Table 1 Most sensitive dis-
criminating features between
stress fractures and pathologic
fractures

Modality Stress fracture Pathologic fracture

Radiograph Endosteal thickening Aggressive bone marrow pattern
of destruction

Benign periosteal reaction Mineralized matrix
Absence of any aggressive features Endosteal scalloping

Aggressive periosteal reaction
Soft tissue mass

CT Endosteal thickening Aggressive bone marrow and cortical
destruction

Benign periosteal reaction Mineralized matrix
Absence of any aggressive features Endosteal scalloping

Aggressive periosteal reaction
Soft tissue mass

MRI Linear or band-like signal abnormality Well-defined T1 bone marrow abnormality
Surrounding bone marrow T2
abnormality (edema)

Endosteal scalloping

Absence of or ill-defined T1 bone
marrow abnormality

Massive muscle edema

Soft tissue mass
Scintigraphy Focal or linear uptake Diffuse uptake
PET scan Focal or linear uptake Diffuse uptake

Table 2 Typical locations of stress fractures by activity (modified
from [16])

Location of stress fracture Activity
Ulna-coronoid Pitching
Humerus-distal diaphysis Throwing
Ribs Carrying heavy objects

Golf
Lower cervical spine Clay shoveling
Lumbar spine (spondylolysis) Lifting

Ballet
Obturator ring Bowling

Gymnastics
Femur diaphysis and neck Ballet

Running
Fibula, distal Running
Fibular, proximal Jumping
Tibia Running
Calcaneus Jumping
Tarsal navicular Marching/running
Metatarsal diaphysis Marching
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Fig. 4A—C A 25-year-old man with history of tibial pain and no
definitive history of injury. Radiography was inconclusive and the
patient subsequently underwent MRI. A Radiograph shows a focal
lucency (L) surrounded by sclerosis (S). Differential diagnosis in-
cludes a stress fracture as well as other entities such as osteoid
osteoma. B Axial T1-weighted MR image (SE; TR 400, TE 9)

shows a fracture line (F) and periostitis (P). Bone marrow signal is
relatively preserved with vague decreased signal representing
edema. C Axial T2-weighted MR image (FSE; 3000, 75) shows a
linear fracture line (F) with associated bone marrow edema (BME),
periostitis (P) and soft tissue edema (STE). This fracture was fol-
lowed to resolution

Fig. 5A—E A 12-year-old boy with a tibial fracture following a
sports injury. A Axial CT image at the level of the fracture shows
increased density in the medullary canal (BM) as well as cortical
erosion (E) and a soft tissue prominence (ST). Compare the ap-
pearance of the abnormal left tibia (L) with the normal right tibia
(R). B Coronal T2-weighted MR image (FSE; 3500, 65) shows a
fracture line (F) with nonspecific surrounding increased bone
marrow signal. C Coronal T1-weighted MR image (SE; 420, 12)
shows a well-demarcated bone marrow signal abnormality in the
tibia (BM) about the fracture line (F). Subsequent biopsy and ex-

cision revealed osteosarcoma. D Axial T1-weighted MR image
(FSPGR; 200, 3.9, flip angle 80�) following intravenous contrast
administration shows nodular enhancement in the bone marrow
corresponding to tumor involvement (T). However, note that, in
general, contrast is not necessary for the evaluation of pathologic
fractures. E Axial FDG-PET scan at the level of the pathologic
fracture showing intense uptake in the tumor (arrow). Corre-
sponding CT image shows destruction of the cortex (arrow). Be
aware that pathologic fractures are difficult to evaluate by PET as
stress fractures may also demonstrate increased FDG uptake
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tion. The strengths and weakness of CT, MRI, PET and
bone scan are discussed below.

Computed tomography

The role of CT in the diagnosis of stress fractures is well
established. The typical appearance of a stress fracture by
CT is that of focal callus formation and endosteal thick-
ening around a fracture site [15, 22, 23, 24, 25, 26, 27].
Occasional increased medullary cavity density and adja-
cent soft tissue swelling is identified, but there is overlap
in these latter features with pathologic fractures [22, 28].
Helpful signs for distinguishing stress fractures from
pathologic fractures are the presence of an aggressive

periosteal reaction or bone marrow pattern of destruction.
Also, the presence of endosteal scalloping, mineralized
matrix and a large soft tissue mass, are often exquisitely
defined by CT. Intravenous contrast is not required, al-
though nodular and mass-like areas of enhancement may
affirm the presence of an underlying mass [29]. It should
be noted that viable tumor, reactive hyperemia and in-
flammatory tissue will all demonstrate contrast enhance-
ment, although dynamic post-contrast imaging may play a
role in distinguishing malignant from non-malignant tis-
sue [30].

In a series reported by Somer in 1982, a visible frac-
ture line was only seen in one of 12 cases of stress frac-
tures [23]. The inability of CT to portray the fracture lines
is probably in part explained by the evolution in CT
technology between 1982 and the present day. With the
advent of 16-slice MDCT, isotropic data sets and three-
dimensional (3D) imaging, bone detail may be further
enhanced to more easily detect the fracture lines of a
stress fracture. Furthermore, subtle destruction of the
cortex and bone marrow in a pathologic fracture will
permit the detection of the underlying bone marrow le-
sion. The utility of 3D CT imaging cannot be overem-
phasized in the evaluation of skeletal pathology, as mul-
tiplanar reformatted 3D CT images have been shown to
alter treatment decisions in up to 30% of cases [31] and
display additional pathology in up to 50% of cases [32].
With regard to stress fractures, a fracture line in the axial
plane may be easily overlooked by conventional axial CT
but well demonstrated by coronal or sagittal multiplanar
or volume rendered 3D CT (Fig. 1). In the assessment of
pathologic fractures, 3D CT images are essential for
defining the longitudinal boundaries and morphology of
the underlying lesions (Fig. 7).

Magnetic resonance imaging

Unlike radiographs and CT, MRI indisputably depicts
abnormalities in the bone marrow [25, 33, 34] and is
better suited to distinguishing stress fractures from
pathologic fractures [19] (Fig. 8). MRI findings in a stress
fracture are discernible before radiographic abnormalities
and features include decreased marrow signal on T1-
weighted imaging and increased marrow signal on T2-
weighted imaging around a fracture line [25, 35, 36, 37,
38, 39]. Such signal changes in the bone marrow sound to
be rather nonspecific. In stress fractures, T2 signal
changes suggest edema [38, 40]; in pathologic fractures,
T2 signal changes may represent a mixture of tumor and
edema. How, then, is an underlying lesion distinguished
by MRI? The assessment of T1 signal changes is in fact
fundamental to the detection of a pathologic fracture. In
our experience with long bone fractures, the most sensi-
tive discriminating feature between stress and pathologic
fractures is that of a well-defined low signal T1-weighted

Fig. 6A, B A 73-year-old woman with a history of adenocarcinoma
of the rectum who underwent abdominal perineal resection with
adjuvant chemotherapy and radiation treatment. Imaging was per-
formed for the evaluation of metastatic disease. A PET scan, axial
section, shows moderate linear FDG uptake in the left sacrum
(arrow). B CT scan, axial image, shows a left sacral insufficiency
fracture (arrow)
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abnormality around a fracture indicating an underlying
tumor. T2 signal changes are not as specific. Such find-
ings are echoed in a report by Yuh indicating that com-
plete replacement of fatty marrow signal within a verte-
bral body on T1-weighted imaging is a distinguishing
characteristic of malignant vertebral fractures compared
with benign fractures [20]. For optimal evaluation of the
bone marrow, it should be noted that T1-weighted images
need to be performed with a TR under 500 ms. MRI is

undoubtedly superior to CT for the detection of an un-
derlying bone marrow lesion.

Advanced MRI techniques have been developed that
have been studied in a limited fashion but may prove in
the future to assist with distinguishing stress fractures
from pathologic fractures. These include chemical shift
imaging [41, 42], diffusion weighted imaging [40, 43, 44],
dynamic contrast-enhanced imaging [30] and MR spec-
troscopy [45]. Chemical shift imaging is based on the

Fig. 7A—C A 10-year-old boy who fell down the stairs. Radiog-
raphy revealed a fracture. An underlying lesion was suspected. CT
depicted the underlying lesion with certainty and biopsy revealed
fibrous dysplasia. A Radiograph of the femur shows a fracture (F).
B Axial CT image shows a left femoral fracture (F) and increased
density (D) in the medullary canal compared with the right femur.

Increased density around a fracture is a nonspecific finding that
may be seen with stress fractures as well. C Coronal reformatted
CT image shows the fracture (F); an underlying lesion is obvious
given endosteal scalloping (ES) and the ground-glass density (D) of
fibrous dysplasia
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Fig. 9A—C A 53-year-old woman with chronic shoulder pain who
heard a popping sound after lifting heavy boxes. A pathologic
fracture of the radius was discovered by imaging. Subsequent bi-
opsy revealed a chondrosarcoma and the patient underwent am-
putation. A Radiograph of the forearm shows a pathologic fracture
of the radius. An underlying lytic lesion (T) is present. B Sagittal
T1-weighted MR image (SE; TR 440, TE 14) demarcates the well-
defined tumor (T) around the fracture site (F). A small soft tissue
mass (STM) is also present. C Sagittal T2-weighted MR image
(FSE; TR 5000, TE 70) shows increased bone marrow signal about
the fracture site corresponding to the cartilaginous tumor (T). Note
the surrounding increased soft tissue signal (ST)

Fig. 8A—C CT depiction of three patients with comminuted
fractures. Occasionally, it is difficult to distinguish a stress fracture
from a pathologic fracture by CT. Furthermore, benign and ma-
lignant pathologic lesions may also be confused. Patient A has a
comminuted fracture of the greater tuberosity without an underly-
ing lesion. Patient B has a comminuted pathologic fracture through
metastatic breast carcinoma. Patient C has a comminuted fracture
through a unicameral bone cyst. A Sagittal oblique reformatted CT
image in patient A shows the comminuted fracture. Note the intact

fracture surface (arrow). B Axial CT image in patient B shows a
comminuted fracture of the greater tuberosity. The underlying le-
sion is subtle by CT. Note the irregular fracture surface (arrow) and
surrounding mixed density in the medullary canal. A biopsy re-
vealed metastatic adenocarcinoma. C Axial CT image in patient C
with a unicameral bone cyst shows a comminuted fracture of the
tibia. Note a fallen fragment (F), endosteal scalloping (ES) and
mixed density within the medullary canal
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principle that a voxel which contains both water and fatty
marrow elements, as present in a stress fracture, should
demonstrate a drop in signal on an opposed-phase gradi-
ent echo sequence compared with an in-phase gradient
echo sequence (Fig. 13). However, in a voxel in which
normal marrow elements are completely replaced by tu-
mor (the case of a pathologic fracture), there is no drop in
signal expected on the opposed-phase sequence compared
with the in-phase sequence. Diffusion weighted imaging
has been successfully used in the assessment of vertebral
fractures and is the only noninvasive technique that maps
the motion of water protons [43, 44]. In the case of a
pathologic fracture, there is restriction of water motion at
the site of tumor whereas in a stress fracture, mobility of
the water protons is preserved. In this way, stress fractures
may be differentiated from pathologic fractures.

Other cross-sectional features that aid in distinguishing
between stress fractures and pathologic fractures are
common to both CT and MRI, and include the presence of
a soft tissue mass and endosteal scalloping, but periosteal
and cortical signal changes are nonspecific. The character
of a periosteal reaction is not as discernible by MRI as it
is by CT.

On the other hand, muscle signal abnormalities are
much more clearly identified by MRI than CT. Hanna et

al. described that massive edema in the muscles sur-
rounding a bone tumor was an ominous clinical finding,
more commonly found in malignant rather than benign
underlying lesions and typically involved the disruption
of a muscle attachment to bone by the tumor [46]. Hence,
muscle signal changes around a pathologic fracture may
represent edema rather than tumor infiltration in many
cases.

Whole body imaging: positron emission tomography,
bone scan and MRI

Finally, for a whole-body approach, bone scans and PET
scans carry a distinct advantage over CT and MRI, but
they are nonspecific. In the evaluation of stress injuries, a
bone scan can reveal changes before radiography but
there is nonspecific activity at the site of fracture (Fig. 11)
[9, 10]. Bone scans are lacking in resolution and speci-
ficity to differentiate stress and pathologic fractures.
Similarly, PET scans may show FDG uptake at the site of
a stress fracture, potentially mistaking the presence of a
metastatic focus (Fig. 5) [11]. However, with the intro-
duction of PET-CT scanners, interpretation of a PET scan
in conjunction with CT features is easily achieved and
critical for precise diagnosis. 18F-FDG accumulation has
been described in the setting of benign fractures of the
ribs, clavicle and sacrum [7, 8, 11] and knowledge and
recognition of this important and potential pitfall of PET
can prevent inappropriate treatment and avoid unneces-
sary bone biopsy.

Whole body MRI screening is a recent addition to the
arsenal of techniques available for evaluation of diffuse
bone metastases and rivals bone scan [47]. Thus, for the
assessment of a particular fracture site as well as a
complete screen for bone metastases, MRI may offer the
most comprehensive approach to the assessment of a
patient with a fracture and potentially multiple lesions.

Conclusion

Accurate radiologic differentiation of a stress fracture
from a pathologic fracture is paramount. The recognition
of sensitive radiologic features for differentiating the two
entities will guide appropriate therapy in the case of a
pathologic fracture and avoid inappropriate treatment of a
stress fracture. A suggested algorithm for investigating
fractures is shown in Fig. 14.

Fig. 10A, B A 14-year-old boy with a history of trauma to the right
knee who presented with a fracture through an incidental non-os-
sifying fibroma (NOF) discovered by radiography. The patient was
placed in a cast for 8 weeks and then electively underwent curettage
and bone graft. MRI illustrates typical signal changes about the
fracture. A Coronal T1-weighted MR image (SE; TR 300, TE 9)
shows an oblique fracture through an eccentric well-demarcated
lesion (NOF). Fracture is complete. Note the ill-defined edema (E)
around the remaining fracture line. B Corresponding coronal in-
version recovery sequence (FSEIR; TR 4000, TE 30, TI 160) again
shows the lesion (NOF) and edema (E)
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Fig. 11A—E An 8-year-old girl with pain in the humerus. Inves-
tigation revealed a pathologic fracture of eosinophilic granuloma
(EG). A Bone scan showing focal increased uptake in the mid-
humerus (arrow). B Radiograph of the humerus showing a subtle
fracture (F) traversing a lytic lesion in the humerus (arrow). C
Coronal T2-weighted MR image (FSE; 5000, 80) shows a well-
defined lesion containing fluid-fluid levels (FFL) associated with a

fracture (F). Fluid-fluid levels may be present in any lesion with a
fracture. They are not specific for a particular entity in the setting of
a pathologic fracture. D Coronal T1-weighted MR image (SE; 700,
13) shows a well-defined superior border of the lesion (EG). E
Coronal T1-weighted MR image (SE; 700, 13) obtained more
posteriorly shows a well-defined inferior border of the lesion (EG)
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Fig. 12A—H A 28-year-old woman with a history of chronic knee
pain. Radiographs and MR images of the knee revealed no sig-
nificant abnormalities. The symptoms persisted and subsequent
bone scan demonstrated nonspecific increased uptake along the
mid-femoral diaphysis. CT and MR images of the femur are shown.
Biopsy revealed malignant fibrous histiocytoma. A Bone scan re-
veals increased uptake in the femur (arrows) around a linear pho-
topenic area (F). B Radiograph of the femur shows a pathologic
fracture. A permeative pattern of destruction is present (arrows). C
Axial contrast-enhanced CT image at the level of the fracture (F)
shows a soft tissue mass (M) and cortical destruction (arrow). D
Axial contrast-enhanced CT image superior to the level of the
fracture shows the cortical destruction in more detail (arrows). E

Coronal T1-weighted MR image (SE; TR 400, TE 14) shows a
well-defined bone marrow signal abnormality (BM) representing
the underlying mass in the femur and surrounding soft tissue mass
(STM). F Coronal T2-weighted MR image (FSE; TR 5000, TE 90)
shows the fracture line (F) to best advantage with the surrounding
bone marrow (BM) and soft tissue mass (STM). G Axial T1-
weighted MR image (SE; TR 400, TE 14) again shows decreased
signal in the bone marrow (BM), endosteal scalloping (ES) and the
soft tissue mass (STM). H Axial contrast-enhanced T1-weighted
MR image (FSPGR; TR 220, TE 4.2, flip angle 70�) shows nodular
enhancement of the mass within the bone marrow (BM) as well as
enhancement of the soft tissue component (STM)
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Fig. 14 Suggested algorithm
for differentiating stress frac-
tures from pathologic fractures

Fig. 13A—C A 54-year-old man with a history of colon cancer
and hip pain. A Sagittal fat-suppressed T2-weighted MR image
(FSE; 4800, 78) shows a fracture (arrow) with surrounding bone
marrow abnormality in the acetabulum. B Axial T1-weighted in-
phase MR image (GRE; 225, 4.4) shows subtle signal abnormality
in the acetabulum (arrow). C Axial T1-weighted opposed-phase
MR image (GRE; 225, 2.2) shows a drop in bone marrow signal of

approximately 50% within the acetabulum surrounding the fracture
site, compared with the in-phase image (arrow). The drop in signal
is seen in voxels which contain edema interspersed with fatty
marrow elements, a finding that is expected in stress fractures; no
drop in signal is expected around pathologic fractures since fatty
marrow elements are replaced by tumor. This patient had an ace-
tabular stress fracture
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