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Variant: 1 Adult. Suspect stress fracture, excluding vertebrae. Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

Radiography area of interest Usually Appropriate Varies

Bone scan whole body with SPECT or SPECT/CT area of interest | May Be Appropriate (Disagreement) B

US area of interest Usually Not Appropriate O

MRI area of interest without and with IV contrast Usually Not Appropriate o]

MRI area of interest without IV contrast Usually Not Appropriate o]

CT area of interest with IV contrast Usually Not Appropriate Varies

CT area of interest without and with IV contrast Usually Not Appropriate Varies

CT area of interest without IV contrast Usually Not Appropriate Varies

Variant: 2 Adult. Suspect stress fracture, excluding vertebrae. Radiographs negative or

indeterminate. Next imaging study.

Procedure Appropriateness Category | Relative Radiation Level

MRI area of interest without IV contrast Usually Appropriate 0]
Radiography area of interest repeat in 10-14 days May Be Appropriate Varies

Bone scan whole body with SPECT or SPECT/CT area of interest May Be Appropriate BEE

CT area of interest without IV contrast May Be Appropriate Varies

US area of interest Usually Not Appropriate 0]

MRI area of interest without and with IV contrast Usually Not Appropriate ]

CT area of interest with IV contrast Usually Not Appropriate Varies

CT area of interest without and with IV contrast Usually Not Appropriate Varies

Variant: 3 Adult. Suspect pelvis or hip or sacrum stress fracture. Pregnant patient.
Radiographs negative or indeterminate. Next imaging study.

Procedure Appropriateness Category | Relative Radiation Level

MRI area of interest without IV contrast Usually Appropriate ]

US area of interest Usually Not Appropriate 0]
Radiography area of interest repeat in 10-14 days Usually Not Appropriate Varies

MRI area of interest without and with IV contrast Usually Not Appropriate ]

Bone scan whole body with SPECT or SPECT/CT area of interest Usually Not Appropriate BEE

CT area of interest with IV contrast Usually Not Appropriate Varies

CT area of interest without and with IV contrast Usually Not Appropriate Varies

CT area of interest without IV contrast Usually Not Appropriate Varies

Variant: 4 Adult. Suspect stress fracture, excluding vertebrae. High risk for fracture
completion (ie, a patient with osteoporosis on bisphosphonate therapy) or immediate
“need-to-know.” Radiographs negative or indeterminate. Next imaging study.

Procedure

Appropriateness Category

Relative Radiation Level

MRI area of interest without IV contrast

Usually Appropriate

@)




Bone scan whole body with SPECT or SPECT/CT area of interest

May Be Appropriate (Disagreement)

®OG®

CT area of interest without IV contrast May Be Appropriate Varies
US area of interest Usually Not Appropriate o]
Radiography area of interest repeat in 10-14 days Usually Not Appropriate Varies
MRI area of interest without and with IV contrast Usually Not Appropriate o]
CT area of interest with IV contrast Usually Not Appropriate Varies
CT area of interest without and with IV contrast Usually Not Appropriate Varies

Variant: 5 Adult. Suspect subchondral stress fracture at an extremity joint. Radiographs
negative or indeterminate. Next imaging study.

Procedure Appropriateness Category | Relative Radiation Level

MRI area of interest without IV contrast Usually Appropriate 0]

Bone scan whole body with SPECT or SPECT/CT area of interest May Be Appropriate BEE

CT area of interest without IV contrast May Be Appropriate Varies

US area of interest Usually Not Appropriate 0]
Radiography area of interest repeat in 10-14 days Usually Not Appropriate Varies

MRI area of interest without and with IV contrast Usually Not Appropriate )

CT area of interest with IV contrast Usually Not Appropriate Varies

CT area of interest without and with IV contrast Usually Not Appropriate Varies

Variant: 6 Adult. Positive stress fracture on radiographs, excluding vertebrae. Need for
determining extent (ie, for surgical planning, return to activity) or associated complication
(ie, osteonecrosis or delayed healing). Next imaging study.

Procedure Appropriateness Category Relative Radiation Level
MRI area of interest without IV contrast Usually Appropriate O
CT area of interest without IV contrast Usually Appropriate Varies
Radiography area of interest repeat in 10-14 days May Be Appropriate Varies
US area of interest Usually Not Appropriate (0]
MRI area of interest without and with IV contrast Usually Not Appropriate O
CT area of interest with IV contrast Usually Not Appropriate Varies
CT area of interest without and with IV contrast Usually Not Appropriate Varies

Panel Members
William B. Morrison, MD?, Diane Deely, M

Db Michael G. Fox, MD, MBACS, Donna G. Blankenbaker,

MDA, Julie A. Dodds, MD€, Cristy N. French, MD‘c Matthew A. Frick, MDY, Shari T. Jawetz, MDN,
Bharti Khurana, MD!, Molly Kresin, DOJ, Nicholas C. Nacey, MDK, Charles Reitman, MD!, Nicholas
Said, MD, MBA™M, J. Derek Stensby, MD", Eric A. Walker, MD, MHADO, Eric Y. Chang, MDP

Summary of Literature Review

Introduction/Background

Stress fractures occur in 2 varieties: 1) fatigue fractures resulting from repetitive submaximal stress
on normal bone, resulting in a region of accelerated bone remodeling [1] and 2) insufficiency




fractures due to normal activity on bones that are deficient in microstructure and/or mineralization
[2]. At the microscopic level, repetitive overloading leads to increased osteoclastic activity that
exceeds the rate of osteoblastic new bone formation. This results in bone weakening and
microtrabecular disruption (stress injury) and eventually may lead to a cortical break (stress
fracture). Stress fractures are encountered frequently and account for up to 20% of all injuries seen
in sports medicine clinics [1,3-6]. The fatigue variation of stress fractures are particularly common
in athletes participating in activities that require running and jumping, as well as in ballet dancers
and military recruits [7-9]. Certain medical interventions such as radiation therapy and long-term
osteoporosis treatment with bisphosphonates predispose patients to the insufficiency variation of
stress fractures [10-12].

Initial Imaging Definition
Initial imaging is defined as imaging at the beginning of the care episode for the medical condition

defined by the variant. More than one procedure can be considered usually appropriate in the
initial imaging evaluation when:

« There are procedures that are equivalent alternatives (ie, only one procedure will be ordered
to provide the clinical information to effectively manage the patient’s care)

OR

» There are complementary procedures (ie, more than one procedure is ordered as a set or
simultaneously wherein each procedure provides unique clinical information to effectively
manage the patient’s care).

Discussion of Procedures by Variant
Variant 1: Adult. Suspect stress fracture, excluding vertebrae. Initial imaging.

Area of Interest: pelvis, ankle, elbow, femur, foot, forearm, hand, hip, humerus, knee, leg tib/fib,
ribs, sacrum, shoulder, or wrist.

In the setting of new or repetitive athletic activity, fatigue fractures can develop in patients with
normal bone. Furthermore, certain athletic activities often result in specific sites of fatigue fracture,
such as olecranon process fractures in javelin throwers and baseball pitchers, proximal femur and
tibial stress fractures in runners, and tarsal navicular stress fractures in basketball players [13-15].
Insufficiency fractures occur in patients with abnormal bone, be it from osteoporosis or irradiated
bone, as typical examples. Insufficiency fractures also occur at fairly predictable sites, including the
sacrum, supra-acetabular ilium, superior and inferior pubic rami, and pubic bone. These patients
often present with intractable low back and/or pelvic pain [16].

Variant 1: Adult. Suspect stress fracture, excluding vertebrae. Initial imaging.
A. Bone scan whole body with SPECT or SPECT/CT area of interest

The bone scan was regarded for many years as the reference standard for detecting stress-induced
injuries and was valued for its sensitivity. Dobrindt et al [17] reported the sensitivity, specificity,
accuracy, positive predictive value, and negative predictive value of bone scintigraphy for detection
of stress injuries as 92.9%, 73.8%, 83.3%, 78.0%, and 91.2%, respectively. Planar scintigraphy
combined with single-photon emission CT (SPECT) is more accurate in diagnosing stress injuries



than planar scintigraphy alone [18]. The objection to the studies quoting high accuracy for bone
scintigraphy is that, in all of them, positive bone scintigraphy is taken as the reference standard for
detecting stress fractures and therefore sensitivity is 100%. However, depending on the staging
criteria for bone scintigraphy pattern, the abnormalities may in fact be stress reactions rather than
actual stress fractures [19-21]. Nonetheless, bone scintigraphy shows stress fractures days to weeks
earlier than radiographs in many instances and differentiates between osseous and soft tissue
injury as well.

Variant 1: Adult. Suspect stress fracture, excluding vertebrae. Initial imaging.
B. CT area of interest with IV contrast

There is no relevant literature to support the use of CT area of interest with intravenous (V)
contrast because it does not provide added information over noncontrast imaging with regard to
stress injury.

Variant 1: Adult. Suspect stress fracture, excluding vertebrae. Initial imaging.
C. CT area of interest without and with IV contrast

There is no relevant literature to support the use of CT area of interest without and with IV contrast
because it does not provide added information over noncontrast imaging with regard to stress
injury.

Variant 1: Adult. Suspect stress fracture, excluding vertebrae. Initial imaging.
D. CT area of interest without IV contrast

CT is not supported for the initial imaging of suspected stress fractures but may offer an adjunct
role when other imaging modalities are equivocal [22], particularly in the pelvis or sacrum.
Although superior to radiography, it is less sensitive than nuclear scintigraphy or MRI [23]. The
benefit of CT seems to lie in its specificity, ranging from 88% to 98% in a recent meta-analysis
regarding accuracy of imaging modalities for lower extremity stress fractures, and thus may
confirm a finding suspected to represent stress fracture on MRI [24]. CT may also be useful in cases
where MRI results are equivocal.

Variant 1: Adult. Suspect stress fracture, excluding vertebrae. Initial imaging.
E. MRI area of interest without and with IV contrast

There is no relevant literature to support the use of MRI area of interest without and with IV
contrast because it does not provide added information over noncontrast imaging with regard to
stress injury.

Variant 1: Adult. Suspect stress fracture, excluding vertebrae. Initial imaging.
F. MRI area of interest without IV contrast

MRI demonstrates stress abnormalities as early as bone scintigraphy and with as much sensitivity
[25-28]. In the absence of an actual stress fracture, stress reaction, or muscle/tendon injuries can
be identified using fluid-sensitive sequences. Thus, MRl may be considerably more specific than
scintigraphy [22,23]. The recent literature supports MRI as the procedure of choice for early
diagnosis of both fatigue and insufficiency types of stress fractures, outperforming all other
modalities [15,22,23,29-39]. Fluid-sensitive sequences are the favored initial sequence for MRI
screening [40]. Short tau inversion recovery (STIR) and T1-weighted images demonstrate a fracture
line surrounded by edema. MRI of an osseous stress injury contains prognostic as well as
diagnostic information [41,42].

Variant 1: Adult. Suspect stress fracture, excluding vertebrae. Initial imaging.
G. Radiography area of interest



Radiographs are insensitive for stress fracture in the early stages of injury and in elderly patients
with underlying osteoporosis. However, if symptoms have been present for at least 10 to 14 days,
radiographs can achieve sensitivity of 30% to 70%, making them an effective screening tool [43]. If
the findings on radiographs are conclusive for stress fracture, often no further imaging needs to be
performed. Detection of osseous change is limited in areas covered by prominent overlapping soft
tissue or bowel gas [31]. If the osseous reaction involves cortical bone, then endosteal/periosteal
callus may be visible with or without a fracture line through the cortex. If the trabecular bone is
involved, then stress fractures are often more subtle, progressing from patchy areas of increased
density into linear areas of sclerosis, oriented perpendicular to the trabeculae.

Variant 1: Adult. Suspect stress fracture, excluding vertebrae. Initial imaging.
H. US area of interest

There is increasing evidence of the usefulness of ultrasound (US) in the early diagnosis of stress
fractures of the extremities [44,45]. Although later US findings of stress fractures, including
subcutaneous edema, periosteal thickening, cortical bone irregularity, local hyperemia [44-46], and
periosteal callus are often nonspecific, these findings provide useful information in the setting of
suspected stress fracture. Because US cannot evaluate the subcortical bone, trabecular stress
fractures may be missed.

Variant 2: Adult. Suspect stress fracture, excluding vertebrae. Radiographs negative or
indeterminate. Next imaging study.

Area of Interest: pelvis, ankle, elbow, femur, foot, forearm, hand, hip, humerus, knee, leg tib/fib,
ribs, sacrum, shoulder, or wrist.

Variant 2: Adult. Suspect stress fracture, excluding vertebrae. Radiographs negative or
indeterminate. Next imaging study.
A. Bone scan whole body with SPECT or SPECT/CT area of interest

Bone scintigraphy shows stress fractures days to weeks earlier than radiographs in many instances
and differentiates between osseous and soft tissue injury as well. Although bone scan was
regarded as the reference standard examination for many years, MRl demonstrates stress
abnormalities as early as bone scintigraphy and with as much sensitivity [25-28]. Because standard
planar whole body bone scintigraphy is often nonspecific and supplemental imaging is frequently
required, there is consensus in the literature that MRI should supersede bone scintigraphy as the
imaging examination of choice for suspected stress fracture when radiographs are negative [31].

Variant 2: Adult. Suspect stress fracture, excluding vertebrae. Radiographs negative or
indeterminate. Next imaging study.
B. CT area of interest with IV contrast

There is no relevant literature to support the use of CT area of interest with IV contrast because it
does not provide added information over noncontrast imaging with regard to stress injury.

Variant 2: Adult. Suspect stress fracture, excluding vertebrae. Radiographs negative or
indeterminate. Next imaging study.
C. CT area of interest without and with IV contrast

There is no relevant literature to support the use of CT area of interest without and with IV contrast
because it does not provide added information over noncontrast imaging with regard to stress
injury.

Variant 2: Adult. Suspect stress fracture, excluding vertebrae. Radiographs negative or
indeterminate. Next imaging study.



D. CT area of interest without IV contrast

CT is not supported as the next imaging study for suspected stress fractures following radiographs
but may offer an adjunctive role when other imaging modalities are equivocal [22]. Although
superior to radiography, it is less sensitive than nuclear scintigraphy and MRI [23]. CT is useful in
cases where MRI results are equivocal.

Variant 2: Adult. Suspect stress fracture, excluding vertebrae. Radiographs negative or
indeterminate. Next imaging study.
E. MRI area of interest without and with IV contrast

There is no relevant literature to support the use of MRI area of interest without and with IV
contrast because it does not provide added information over noncontrast imaging with regard to
stress injury.

Variant 2: Adult. Suspect stress fracture, excluding vertebrae. Radiographs negative or
indeterminate. Next imaging study.
F. MRI area of interest without IV contrast

MRI outperforms radiography, bone scintigraphy, and CT with recent literature supporting MRI as
the procedure of choice for making an early diagnosis of both fatigue and insufficiency fractures
[15,22,23,29-39]. MRI of an osseous stress injury contains prognostic as well as diagnostic
information [41,42].

Variant 2: Adult. Suspect stress fracture, excluding vertebrae. Radiographs negative or
indeterminate. Next imaging study.
G. Radiography area of interest repeat in 10-14 days

Short-term (10-14 days) follow-up radiographs are more sensitive than initial radiographs
secondary to overt bone reaction in the location of the stress fracture. Follow-up radiographic
sensitivity is reported to be 30% to 70% [43]. Detection of osseous change is more limited in areas
covered by prominent overlapping soft tissue [31]. If the osseous reaction involves cortical bone,
then endosteal/periosteal callus may be visible with or without a fracture line through the cortex. If
the trabecular bone is involved, then stress fractures are often more subtle, progressing from
patchy areas of increased density into linear areas of sclerosis, oriented perpendicular to the
trabeculae.

Variant 2: Adult. Suspect stress fracture, excluding vertebrae. Radiographs negative or
indeterminate. Next imaging study.
H. US area of interest

There is increasing evidence of the usefulness of US in the early diagnosis of stress fractures of the
extremities [44,45]. Although later US findings of stress fractures, including subcutaneous edema,
periosteal thickening, cortical bone irregularity, local hyperemia [44-46], and periosteal callus are
often nonspecific, these findings provide useful information in the setting of suspected stress
fracture. Because US cannot evaluate the subcortical bone, trabecular stress fractures may be
missed.

Variant 3: Adult. Suspect pelvis or hip or sacrum stress fracture. Pregnant patient.
Radiographs negative or indeterminate. Next imaging study.

Area of Interest: pelvis, hip, or sacrum.

Pelvic and hip insufficiency fractures have varied presentations and often insidious onset. Patients
frequently present with intractable lower back or pelvic pain, with loss of mobility, independence,



and symptom exacerbation with weight bearing [47]. Insufficiency fractures occur in patients with
abnormal bone, be it from osteoporosis, irradiated bone, or resumption of activity.

Pregnancy-related osteoporosis is rare, and its pathogenesis is unclear [48]. Patients are
predisposed to develop insufficiency fractures in the spine, pelvis, femoral neck, and sacrum.
Decreased serum calcium levels may occur during pregnancy [33] because of decreased levels of
1,25-dihydroxyvitamin D3, decreased calcitonin levels, and the effects of cytokines on bone
remodeling. Insufficiency fractures of the sacrum secondary to postmenopausal or age-related
osteoporosis are frequent. In contrast, fractures of the sacrum occurring during pregnancy, labor,
or immediately postpartum are rare and only a few case reports have been published in the English
literature, presenting as insufficiency fractures [49], stress fractures [50-54], and those in which the
authors were not sure if they were dealing with stress fractures or insufficiency fractures with
underlying osteoporosis [48]. Risk factors for stress sacral fractures during pregnancy and the
postpartum period likely include vaginal delivery of a high-birth-weight infant, increased lumbar
lordosis, excessive weight gain, and rapid vaginal delivery [55].

Imaging findings of pregnancy-related sacral fractures are similar to sacral insufficiency fractures
related to involutional osteoporosis, with the exception that patients will be in their reproductive
years and in the last trimester of pregnancy or recently postpartum [56,57].

Stress fractures in the femur most often occur in the femoral neck and represent up to 7% of all
stress fractures [58]. Lateral tension-type femoral neck stress fractures are inherently unstable and
prone to displacement [59] and are high-risk fractures, often necessitating percutaneous screw
fixation [60]. Medial compression-type femoral neck stress fractures are low risk [59] and can be
treated with a non—-weight-bearing regimen [61]. Finally, stress fractures of the femoral head are
high risk in healthy patients and, if not recognized promptly, have increased rates of delayed
union, nonunion, displacement, and avascular necrosis [31]. The clinical differential diagnosis
includes sacroiliitis from inflammatory or infectious causes, osteitis condensans ilii, and
lumbosacral degenerative spondylosis [48].

Variant 3: Adult. Suspect pelvis or hip or sacrum stress fracture. Pregnant patient.
Radiographs negative or indeterminate. Next imaging study.
A. Bone scan whole body with SPECT or SPECT/CT area of interest

Bone scintigraphy and CT are both associated with radiation exposure to the fetus in a pregnant
patient. For reference, the approximate mean fetal absorbed dose from a pelvis radiograph is 1.1
mGy, from a pelvis CT is 25 mGy, and from a bone scintigraphy is 4.6 mGy (early in pregnancy) and
1.8 mGy (at 9 months estimated gestational age) [62]. Because bone scintigraphy is often
nonspecific and supplemental imaging is frequently required, there is consensus in the literature
that cross-sectional imaging should supersede bone scintigraphy as the imaging of choice for
suspected insufficiency fracture when the radiograph is negative, regardless of the risks of
radiation exposure [31].

Variant 3: Adult. Suspect pelvis or hip or sacrum stress fracture. Pregnant patient.
Radiographs negative or indeterminate. Next imaging study.
B. CT area of interest with IV contrast

There is no relevant literature to support the use of CT area of interest with IV contrast because it
does not provide added information over noncontrast imaging with regard to stress injury.

Variant 3: Adult. Suspect pelvis or hip or sacrum stress fracture. Pregnant patient.



Radiographs negative or indeterminate. Next imaging study.
C. CT area of interest without and with IV contrast

There is no relevant literature to support the use of CT area of interest without and with IV contrast
because it does not provide added information over noncontrast imaging with regard to stress
injury.

Variant 3: Adult. Suspect pelvis or hip or sacrum stress fracture. Pregnant patient.
Radiographs negative or indeterminate. Next imaging study.
D. CT area of interest without IV contrast

CT and bone scintigraphy are both associated with radiation exposure to the fetus in a pregnant
patient [62]. Therefore, MRl is preferred.

Variant 3: Adult. Suspect pelvis or hip or sacrum stress fracture. Pregnant patient.
Radiographs negative or indeterminate. Next imaging study.
E. MRI area of interest without and with IV contrast

There is no relevant literature to support the use of MRI area of interest without and with IV
contrast because it does not provide added information over noncontrast imaging with regard to
stress injury.

Variant 3: Adult. Suspect pelvis or hip or sacrum stress fracture. Pregnant patient.
Radiographs negative or indeterminate. Next imaging study.
F. MRI area of interest without IV contrast

Given the importance of recognizing these high-risk fractures in the femoral head and neck, MRl is
the preferred second-line study after initial negative radiographs to prevent delayed diagnosis.
MRI does not use ionizing radiation, has excellent sensitivity, and allows for definitive diagnosis.
MRI typically demonstrates linear T1 and T2 hypointense signal, representing fracture lines, and T1
hypointense and T2 hyperintense signal in the surrounding bone marrow, representing associated
edema. MRI demonstrates stress abnormalities as early as bone scintigraphy and with as much
sensitivity [25-28].

In addition to confirming a suspected stress fracture, MRl may also demonstrate other reasons for
occult pelvic pain, such as soft tissue abnormalities or the subchondral hip or supra-acetabular
stress fractures described in some patients with osteoporosis [57].

Variant 3: Adult. Suspect pelvis or hip or sacrum stress fracture. Pregnant patient.
Radiographs negative or indeterminate. Next imaging study.
G. Radiography area of interest repeat in 10-14 days

A follow-up radiographic examination has increased sensitivity compared to initial radiographs [43]
but is less sensitive than MRI.

Variant 3: Adult. Suspect pelvis or hip or sacrum stress fracture. Pregnant patient.
Radiographs negative or indeterminate. Next imaging study.
H. US area of interest

There is increasing evidence of the usefulness of US in the early diagnosis of stress fractures of the
distal extremities [44,45] and may allow visualization of posterior sacral fractures without the risk of
ionizing radiation. However, definitive diagnosis of suspected hip or pelvic fractures should not be
delayed by choosing US as the second-line study following negative or indeterminate radiographs,
considering that additional imaging may be required following a negative or US indeterminate
examination.



Variant 4: Adult. Suspect stress fracture, excluding vertebrae. High risk for fracture
completion (ie, a patient with osteoporosis on bisphosphonate therapy) or immediate
"need-to-know.” Radiographs negative or indeterminate. Next imaging study.

Area of Interest: pelvis, ankle, elbow, femur, foot, forearm, hand, hip, humerus, knee, leg tib/fib,
ribs, sacrum, shoulder, or wrist.

Patients at high-risk for fracture completion include patients with osteoporosis, those on
bisphosphonate therapy, and athletes. Stress fractures in this population that are not identified and
managed in a timely fashion can progress to more serious fractures and complications (eg, risk of
fatty emboli in completed femoral shaft fractures). Preventive strategies, including identifying and
modifying risk factors, may help deter progression to complete fracture [42,63,64].

Certain stress fractures are considered high risk based on a tendency for nonunion or delayed
union. High-risk stress fractures include the anterior tibial diaphysis, lateral femoral neck and
femoral head, patella, medial malleolus, navicular, fifth metatarsal base, proximal second
metatarsal, tibial hallux sesamoid, and talus [65].

Stress fractures in the femur most often occur in the femoral neck and represent up to 7% of all
stress fractures [58]. Lateral tension-type femoral neck stress fractures are inherently unstable and
prone to displacement [59] and are high-risk fractures, often necessitating percutaneous screw
fixation [60]. Medial compression-type femoral neck stress fractures are low risk [59] and can be
treated with a non—weight-bearing regimen [61]. Finally, stress fractures of the femoral head are
high risk in healthy patients and, if not recognized promptly, have increased rates of delayed
union, nonunion, displacement, and avascular necrosis [31].

Variant 4: Adult. Suspect stress fracture, excluding vertebrae. High risk for fracture
completion (ie, a patient with osteoporosis on bisphosphonate therapy) or immediate
"need-to-know.” Radiographs negative or indeterminate. Next imaging study.

A. Bone scan whole body with SPECT or SPECT/CT area of interest

Normal bone scintigraphy generally excludes a diagnosis of stress fracture, and the patient can
return to normal activity. However, there are exceptions. In elderly or patients with osteoporosis,
abnormalities may not show up on bone scintigraphy for several days after the injury. Patients
using corticosteroids may also have less sensitive bone scintigraphy results [66]. The characteristic
"Honda" or "H" sign on bone scintigraphy is commonly referred to as diagnostic of sacral
insufficiency fracture. A study by Fuijii et al [67] confirmed this finding with a positive predictive
value of 94% for the Honda sign; however, absence of the sign did not rule out a fracture because
only 63% of patients with sacral insufficiency fractures demonstrated this sign. In fact, there may be
an overemphasis on the Honda sign, because many fractures are oriented in the sagittal plane,
parallel to the sacroiliac joint. In most cases, bone scintigraphy (even with SPECT) lacks specificity
(with synovitis, arthritis, degenerative joint disease, stress reactions, and tumor appearing similar)
and supplemental imaging with MRI or CT may be necessary for conclusive diagnosis or to avoid
false positives [66]. Because bone scintigraphy is often nonspecific, and supplemental imaging is
frequently required, there is consensus in the literature that cross-sectional imaging should
supersede bone scintigraphy as the imaging of choice for suspected insufficiency fracture when
the radiograph is negative [31].

Variant 4: Adult. Suspect stress fracture, excluding vertebrae. High risk for fracture
completion (ie, a patient with osteoporosis on bisphosphonate therapy) or immediate



"need-to-know.” Radiographs negative or indeterminate. Next imaging study.
B. CT area of interest with IV contrast

There is no relevant literature to support the use of CT area of interest with IV contrast because it
does not provide added information over noncontrast imaging with regard to stress injury.

Variant 4: Adult. Suspect stress fracture, excluding vertebrae. High risk for fracture
completion (ie, a patient with osteoporosis on bisphosphonate therapy) or immediate
"need-to-know.” Radiographs negative or indeterminate. Next imaging study.

C. CT area of interest without and with IV contrast

There is no relevant literature to support the use of CT area of interest without and with IV contrast
because it does not provide added information over noncontrast imaging with regard to stress
injury.

Variant 4: Adult. Suspect stress fracture, excluding vertebrae. High risk for fracture
completion (ie, a patient with osteoporosis on bisphosphonate therapy) or immediate
"need-to-know.” Radiographs negative or indeterminate. Next imaging study.

D. CT area of interest without IV contrast

CT is not supported as the next imaging study for suspected stress fractures following radiographs
but may offer an adjunctive role when other imaging modalities are equivocal [22]. Although
superior to radiography, it is less sensitive than nuclear scintigraphy or MRI [23]. The benefit of CT
seems to lie in its specificity, ranging from 88% to 98% in a recent meta-analysis regarding
accuracy of imaging modalities for lower extremity stress fractures and thus may confirm a finding
suspected to represent stress fracture on MRI [24].

Variant 4: Adult. Suspect stress fracture, excluding vertebrae. High risk for fracture
completion (ie, a patient with osteoporosis on bisphosphonate therapy) or immediate
"need-to-know.” Radiographs negative or indeterminate. Next imaging study.

E. MRI area of interest without and with IV contrast

There is no relevant literature to support the use of MRI area of interest without and with IV
contrast because it does not provide added information over noncontrast imaging with regard to
stress injury.

Variant 4: Adult. Suspect stress fracture, excluding vertebrae. High risk for fracture
completion (ie, a patient with osteoporosis on bisphosphonate therapy) or immediate
"need-to-know.” Radiographs negative or indeterminate. Next imaging study.

F. MRI area of interest without IV contrast

MRI is beneficial after initial negative radiographs to prevent delayed diagnosis. MRI has excellent
sensitivity, and it allows for definitive diagnosis. MRI typically demonstrates linear T1 and T2
hypointense signal, representing fracture lines, and T1 hypointense and T2 hyperintense signal in
the surrounding bone marrow, representing associated edema. MRI demonstrates stress
abnormalities as early as bone scintigraphy but with more specificity [25-28].

Variant 4: Adult. Suspect stress fracture, excluding vertebrae. High risk for fracture
completion (ie, a patient with osteoporosis on bisphosphonate therapy) or immediate
"need-to-know.” Radiographs negative or indeterminate. Next imaging study.

G. Radiography area of interest repeat in 10-14 days

A follow-up radiographic examination has increased sensitivity compared to initial radiographs [43]

but is less sensitive than MRI. Radiographs are typically not useful for assessing a patient’s "return
to play.” In patients with high risk for fractures or in the need-to-know setting, imaging should not



be delayed.

Variant 4: Adult. Suspect stress fracture, excluding vertebrae. High risk for fracture
completion (ie, a patient with osteoporosis on bisphosphonate therapy) or immediate
"need-to-know.” Radiographs negative or indeterminate. Next imaging study.

H. US area of interest

There is increasing evidence of the usefulness of US in the early diagnosis of stress fractures of the
distal extremities [44,45] and may allow for visualization of posterior sacral fractures. However,
definitive diagnosis of suspected hip or pelvic fractures should not be delayed by choosing US as
the second-line study following negative or indeterminate radiographs, considering that additional
imaging may be required following a negative or US indeterminate examination.

Variant 5: Adult. Suspect subchondral stress fracture at an extremity joint. Radiographs
negative or indeterminate. Next imaging study.

Area of Interest: pelvis, ankle, elbow, femur, foot, forearm, hand, hip, humerus, knee, leg tib/fib,
shoulder, or wrist.

Variant 5: Adult. Suspect subchondral stress fracture at an extremity joint. Radiographs
negative or indeterminate. Next imaging study.
A. Bone scan whole body with SPECT or SPECT/CT area of interest

Normal bone scintigraphy generally excludes a diagnosis of stress fracture, and the patient can
return to normal activity. Tc-99m-methyl diphosphonate is a marker of bone perfusion and bone
turnover [68]. Relative uptake is dependent on both the perfusion of a region of bone as well as
the area of the mineralization front of bone (eg, osteoid). Thus, there will be focal uptake in any
location of new bone formation. Although bone scintigraphy is very sensitive for stress reactions,
including subchondral stress fractures, in most cases it lacks specificity, with synovitis, arthritis,
degenerative joint disease, stress reactions, and tumor appearing similar. Supplemental imaging
with MRI may be necessary for conclusive diagnosis or to avoid false positives [66]. Because planar
bone scintigraphy is often nonspecific and supplemental imaging is frequently required, there is
consensus in the literature that cross-sectional imaging should supersede planar bone scintigraphy
as the imaging of choice for suspected stress fractures when the radiograph is negative [31].

Variant 5: Adult. Suspect subchondral stress fracture at an extremity joint. Radiographs
negative or indeterminate. Next imaging study.
B. CT area of interest with IV contrast

There is no relevant literature to support the use of CT area of interest with IV contrast because it
does not provide added information over noncontrast imaging with regard to stress injury.

Variant 5: Adult. Suspect subchondral stress fracture at an extremity joint. Radiographs
negative or indeterminate. Next imaging study.
C. CT area of interest without and with IV contrast

There is no relevant literature to support the use of CT area of interest without and with IV contrast
because it does not provide added information over noncontrast imaging with regard to stress
injury.

Variant 5: Adult. Suspect subchondral stress fracture at an extremity joint. Radiographs
negative or indeterminate. Next imaging study.
D. CT area of interest without IV contrast

CT is not supported as the next imaging study for suspected subchondral stress fractures following



radiographs but may offer an adjunctive role when other imaging modalities are equivocal [22].
Although superior to radiography, it is less sensitive than nuclear scintigraphy or MRI [23]. The
value of CT in the setting of suspected subchondral stress fracture primarily lies in detection of
articular surface collapse and sclerosis that could indicate secondary necrosis. CT is useful in cases
in which MRI results are equivocal.

Variant 5: Adult. Suspect subchondral stress fracture at an extremity joint. Radiographs
negative or indeterminate. Next imaging study.
E. MRI area of interest without and with IV contrast

There is no relevant literature to support the use of MRI area of interest without and with IV
contrast because it does not provide added information over noncontrast imaging with regard to
stress injury.

Variant 5: Adult. Suspect subchondral stress fracture at an extremity joint. Radiographs
negative or indeterminate. Next imaging study.
F. MRI area of interest without IV contrast

MRI is beneficial after initial negative radiographs to prevent delayed diagnosis. MRI has excellent
sensitivity and allows for definitive diagnosis.

Variant 5: Adult. Suspect subchondral stress fracture at an extremity joint. Radiographs
negative or indeterminate. Next imaging study.
G. Radiography area of interest repeat in 10-14 days

In general, follow-up radiographic examination has increased sensitivity compared to initial
radiographs [43]. However, subchondral insufficiency fractures are typically radiographically occult
until collapse or flattening of the articular surface occurs, at which point morbidity is significantly
increased. Therefore, MRI without IV contrast should be considered as the next imaging study after
initial negative radiographs to prevent delay in diagnosis and preventative treatment.

Variant 5: Adult. Suspect subchondral stress fracture at an extremity joint. Radiographs
negative or indeterminate. Next imaging study.
H. US area of interest

US does not allow evaluation of subchondral bone and so provides no benefit in this scenario.

Variant 6: Adult. Positive stress fracture on radiographs, excluding vertebrae. Need for
determining extent (ie, for surgical planning, return to activity) or associated complication
(ie, osteonecrosis or delayed healing). Next imaging study.

Area of Interest: pelvis, ankle, elbow, femur, foot, forearm, hand, hip, humerus, knee, leg tib/fib,
ribs, sacrum, shoulder, or wrist.

After a diagnosis of stress fracture is made, additional imaging is typically not needed. Most
patients are followed clinically until they are pain free, at which time they can increase activity in a
controlled manner [14]. Fractures in the long bones may be followed up by radiography, CT, MR,
or a combination thereof as needed to determine full extent of involvement. Occasionally, once
activity/weightbearing is increased, an unexpected incomplete response to conservative therapy
becomes evident with the return of pretreatment symptoms. In this situation, it is recommended
that follow-up imaging be performed as well as re-evaluation of the original imaging studies to
determine whether the true etiology of pain was obscured or simply misdiagnosed.

Other scenarios include progression to osteonecrosis, especially in the case of femoral subchondral



or neck stress fractures, for which MRI should be considered as the next line of imaging. For further
reading on this condition, please see the ACR Appropriateness Criteria® topic on Osteonecrosis
[69]. Patients with osteoporosis or those on bisphosphonate therapy are especially prone to
progression of incomplete stress fractures to completion. More information is available in the ACR
Appropriateness Criteria® topic on Osteoporosis and Bone Mineral Density [70].

Variant 6: Adult. Positive stress fracture on radiographs, excluding vertebrae. Need for
determining extent (ie, for surgical planning, return to activity) or associated complication
(ie, osteonecrosis or delayed healing). Next imaging study.

A. CT area of interest with IV contrast

There is no relevant literature to support the use of CT area of interest with IV contrast because it
does not provide added information over noncontrast imaging with regard to stress injury.

Variant 6: Adult. Positive stress fracture on radiographs, excluding vertebrae. Need for
determining extent (ie, for surgical planning, return to activity) or associated complication
(ie, osteonecrosis or delayed healing). Next imaging study.

B. CT area of interest without and with IV contrast

There is no relevant literature to support the use of CT area of interest without and with IV contrast
because it does not provide added information over noncontrast imaging with regard to stress
injury.

Variant 6: Adult. Positive stress fracture on radiographs, excluding vertebrae. Need for
determining extent (ie, for surgical planning, return to activity) or associated complication
(ie, osteonecrosis or delayed healing). Next imaging study.

C. CT area of interest without IV contrast

CT is useful in identifying possible etiologies in delayed healing after conservative therapy for suspected
stress fracture, such as osteoid osteoma or suspected completion of fracture.

Variant 6: Adult. Positive stress fracture on radiographs, excluding vertebrae. Need for
determining extent (ie, for surgical planning, return to activity) or associated complication
(ie, osteonecrosis or delayed healing). Next imaging study.

D. MRI area of interest without and with IV contrast

MRI with IV contrast may be useful in identifying complications of stress fracture such as
osteonecrosis or in suspected osteoid osteoma or tumor causing persistent symptoms or delayed
healing after conservative therapy for suspected stress fracture.

Variant 6: Adult. Positive stress fracture on radiographs, excluding vertebrae. Need for
determining extent (ie, for surgical planning, return to activity) or associated complication
(ie, osteonecrosis or delayed healing). Next imaging study.

E. MRI area of interest without IV contrast

MRI is useful in identifying complications of stress fracture such as osteonecrosis or in suspected
osteoid osteoma or tumor causing persistent symptoms or delayed healing after conservative
therapy for suspected stress fracture. In athletes, MRI can be used to predict time to return to play
on initial diagnosis. Fredericson et al [71] retrospectively correlated return to activity with an MR
grading system based on the pattern of periosteal and marrow edema on T1-weighted and fat-
suppressed T2-weighted sequences. Similar findings were confirmed in other studies [13,72,73],
including that the finding of abnormal cortical signal intensity or a fracture line was of prognostic
value [73] and that MRI performed better in predicting return to activity than radiographs, bone
scintigraphy, or CT [72,74].


https://acsearch.acr.org/docs/69420/Narrative/
https://acsearch.acr.org/docs/69358/Narrative/

A recent prospective study in university athletes found that MRI grading severity, total-body bone
mineral density evaluated by dual-energy X-ray absorptiometry, and location of injury (ie, cortical
or trabecular bone) were important variables for predicting time to full return to sport [42]. In this
study, periosteal edema as described by Fredericson et al [71] was not associated with return to
sport. Using the modified grading scale and a multiple regression model, for every 1-unit increase
in MRI grade, the time to full return to sport increased by approximately 48 days [42]. Furthermore,
trabecular stress injuries (eg, femur neck and pubic bone) were associated with a longer time to
return to sport than cortical bone stress injuries. In addition, decreased bone mineral density leads
to increased time to return to sport. Therefore, bone mineral density provides additional diagnostic
and prognostic information [42]. The model of MRI grade, trabecular versus cortical bone site, and
total-body bone mineral density accounted for 68% of the variation in time to return to sport [42].
Although further studies are needed, optimization of bone mass may reduce risk of sustaining
stress injuries or possibly reduce recovery time in athletes with these injuries.

Variant 6: Adult. Positive stress fracture on radiographs, excluding vertebrae. Need for
determining extent (ie, for surgical planning, return to activity) or associated complication
(ie, osteonecrosis or delayed healing). Next imaging study.

F. Radiography area of interest repeat in 10-14 days

Follow-up radiographs in patients at high risk for completion of stress fractures can be helpful in
the long bones but are of limited benefit for pelvic or femoral head fractures. Cross-sectional
imaging (ie, CT or MRI) is more sensitive and specific in identifying extent of fracture and/or other
causes of persistent pain after conservative therapy (eg, metastatic disease). Radiographs are
typically not useful for assessing a patient’s "return to play.”

Variant 6: Adult. Positive stress fracture on radiographs, excluding vertebrae. Need for
determining extent (ie, for surgical planning, return to activity) or associated complication
(ie, osteonecrosis or delayed healing). Next imaging study.

G. US area of interest

Although there is increasing evidence of the usefulness of US in the early diagnosis of stress
fractures of the extremities [44,45], later US findings of stress fractures, including subcutaneous
edema, periosteal thickening, cortical bone irregularity, local hyperemia [44-46], and periosteal
callus are often nonspecific and may suggest ongoing healing. However, because US cannot
evaluate the subcortical bone, the status of endosteal callus formation, the true indicator for
fracture healing, cannot be assessed, nor any intraosseous complication (eg, osteonecrosis, tumor,
or abscess).

Summary of Highlights

 Variant 1: Radiography is usually appropriate for the initial imaging of a suspected stress
fracture, excluding the vertebrae. Although the panel did not agree on recommending bone
scan whole body with SPECT or SPECT/CT because there is insufficient medical literature to
conclude whether these patients would benefit from the procedure, its use may be
appropriate.

 Variant 2: In the setting of a suspected stress fracture with negative or indeterminate
radiographs, MRI without IV contrast is usually appropriate as the next imaging of the area of
interest excluding the vertebrae.



« Variant 3: In the setting of suspected pelvis, hip, or sacrum fracture with negative or
indeterminate radiographs, MRI without IV contrast is usually appropriate as the next
imaging study in pregnant patients.

 Variant 4: In the setting of a suspected stress fracture with negative or indeterminate
radiographs, MRI without IV contrast is usually appropriate as the next imaging of the area of
interest excluding the vertebrae for "need to know” situations or patients at high-risk for
fracture completion. Although the panel did not agree on recommending bone scan whole
body with SPECT or SPECT/CT because there is insufficient medical literature to conclude
whether these patients would benefit from the procedure, its use may be appropriate.

 Variant 5: MRI area of interest without IV contrast is usually appropriate for the initial
imaging of a suspected subchondral stress fracture at an extremity joint.

 Variant 6: In the setting of a positive stress fracture by radiographs, MRI area of interest
without IV contrast or CT area of interest without IV contrast is usually appropriate as the
next imaging of the area of interest excluding the vertebrae for determining extent or
associated complication. These procedures are equivalent alternatives (ie, only one procedure
will be ordered to provide the clinical information to effectively manage the patient's care).

Supporting Documents

The evidence table, literature search, and appendix for this topic are available at
https://acsearch.acr.org/list. The appendix includes the strength of evidence assessment and the
final rating round tabulations for each recommendation.

For additional information on the Appropriateness Criteria methodology and other supporting
documents, please go to the ACR website at https://www.acr.org/Clinical-Resources/Clinical-Tools-
and-Reference/Appropriateness-Criteria.

Gender Equality and Inclusivity Clause

The ACR acknowledges the limitations in applying inclusive language when citing research studies
that predates the use of the current understanding of language inclusive of diversity in sex,
intersex, gender, and gender-diverse people. The data variables regarding sex and gender used in
the cited literature will not be changed. However, this guideline will use the terminology and
definitions as proposed by the National Institutes of Health.

Safety Considerations in Pregnant Patients

Imaging of the pregnant patient can be challenging, particularly with respect to minimizing
radiation exposure and risk. For further information and guidance, see the following ACR
documents:

ACR-SPR Practice Parameter for the Safe and Optimal Performance of Fetal Magnetic
Resonance Imaging (MRI)

ACR-SPR Practice Parameter for Imaging Pregnant or Potentially Pregnant Patients with
lonizing Radiation

ACR-ACOG-AIUM-SMFM-SRU Practice Parameter for the Performance of Standard
Diagnostic Obstetrical Ultrasound

ACR Manual on Contrast Media

ACR Manual on MR Safety


https://acsearch.acr.org/list
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria

Appropriateness Category Names and Definitions

Appropriateness  |Appropriateness

Category Name Rating Appropriateness Category Definition

The imaging procedure or treatment is indicated in
Usually Appropriate 7,8 0r9 the specified clinical scenarios at a favorable risk-
benefit ratio for patients.

The imaging procedure or treatment may be
indicated in the specified clinical scenarios as an

May Be Appropriate 4,5,0r6 alternative to imaging procedures or treatments with
a more favorable risk-benefit ratio, or the risk-benefit
ratio for patients is equivocal.

The individual ratings are too dispersed from the
panel median. The different label provides

5 transparency regarding the panel’s recommendation.
“May be appropriate” is the rating category and a
rating of 5 is assigned.

May Be Appropriate
(Disagreement)

The imaging procedure or treatment is unlikely to be
indicated in the specified clinical scenarios, or the
risk-benefit ratio for patients is likely to be
unfavorable.

Usually Not Appropriate 1,2,0r3

Relative Radiation Level Information

Potential adverse health effects associated with radiation exposure are an important factor to consider
when selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures
associated with different diagnostic procedures, a relative radiation level (RRL) indication has been
included for each imaging examination. The RRLs are based on effective dose, which is a radiation dose
guantity that is used to estimate population total radiation risk associated with an imaging procedure.
Patients in the pediatric age group are at inherently higher risk from exposure, because of both organ
sensitivity and longer life expectancy (relevant to the long latency that appears to accompany radiation
exposure). For these reasons, the RRL dose estimate ranges for pediatric examinations are lower as
compared with those specified for adults (see Table below). Additional information regarding radiation
dose assessment for imaging examinations can be found in the ACR Appropriateness Criteria® Radiation
Dose Assessment Introduction document.

Relative Radiation Level Designations

Adult Effective Dose Estimate Pediatric Effective Dose

Relative Radiation Level*

Range Estimate Range
0] 0 mSv 0 mSv
@ <0.1 mSv <0.03 mSv
SIS 0.1-1 mSv 0.03-0.3 mSv

@O 1-10 mSv 0.3-3 mSv
BISISID, 10-30 mSv 3-10 mSv
AEEEE 30-100 mSv 10-30 mSv

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in
these procedures vary as a function of a number of factors (e.g., region of the body exposed to ionizing
radiation, the imaging guidance that is used). The RRLs for these examinations are designated as “Varies.”


https://edge.sitecorecloud.io/americancoldf5f-acrorgf92a-productioncb02-3650/media/ACR/Files/Clinical/Appropriateness-Criteria/ACR-Appropriateness-Criteria-Radiation-Dose-Assessment-Introduction.pdf
https://edge.sitecorecloud.io/americancoldf5f-acrorgf92a-productioncb02-3650/media/ACR/Files/Clinical/Appropriateness-Criteria/ACR-Appropriateness-Criteria-Radiation-Dose-Assessment-Introduction.pdf
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Disclaimer

The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for
determining appropriate imaging examinations for diagnosis and treatment of specified medical
condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring
physicians in making decisions regarding radiologic imaging and treatment. Generally, the complexity and
severity of a patient’s clinical condition should dictate the selection of appropriate imaging procedures or
treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked.
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of
this condition are not considered in this document. The availability of equipment or personnel may




influence the selection of appropriate imaging procedures or treatments. Imaging techniques classified as
investigational by the FDA have not been considered in developing these criteria; however, study of new
equipment and applications should be encouraged. The ultimate decision regarding the appropriateness
of any specific radiologic examination or treatment must be made by the referring physician and
radiologist in light of all the circumstances presented in an individual examination.
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