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Clinical Condition:

Acute Hip Pain—Suspected Fracture

Variant 1:

Middle-aged and elderly patients. First study.
Radiologic Procedure

Rating

X-ray hip

9

X-ray pelvis

9

MRI pelvis and affected hip without
IV contrast
MRI pelvis and affected hip without
and with IV contrast
CT pelvis and hips without IV
contrast

Comments
AP and cross-table lateral views should be
performed. Perform x-rays of both hip and
pelvis.
AP view should be performed. Perform xrays of both hip and pelvis.

RRL*
☢☢☢
☢☢

1

O

1

O

1

☢☢☢

CT pelvis and hips with IV contrast

1

☢☢☢

CT pelvis and hips without and with IV
contrast

1

☢☢☢☢

US hip

1

O

Tc-99m bone scan hip

1

☢☢☢
*Relative
Radiation Level

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Variant 2:

Middle-aged and elderly patients. Negative or indeterminate radiographs.
Radiologic Procedure

MRI pelvis and affected hip without
IV contrast
CT pelvis and hips without IV
contrast
MRI pelvis and affected hip without
and with IV contrast

Rating

Comments

RRL*

9

O

6

☢☢☢

4

O
Consider using single-photon emission CT
(SPECT) or SPECT/CT.

☢☢☢

Tc-99m bone scan hip

4

CT pelvis and hips with IV contrast

1

☢☢☢

CT pelvis and hips without and with IV
contrast

1

☢☢☢☢

US hip

1

O

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate
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Summary of Literature Review
Introduction/Background
The impact of hip fracture or, more accurately, proximal femoral fracture on society is considerable from both a
health and economic perspective. Recent studies have shown an incidence of hip fracture in approximately 957
per 100,000 women in the United States, with an approximate 30% mortality rate within the first year after the
fracture [1]. Although data appear to demonstrate a recent decline in the fracture rate and subsequent mortality
corresponding with the rise of bisphosphonate treatment [2], osteoporosis and proximal femoral fragility fracture
remain a substantial cause of death in the United States. The mortality rate from fragility fractures is
approximately twice that of breast cancer [3]. The economic impact of proximal femoral fracture has been
estimated at $40,000/patient [4-7]. Costs are considerably higher in cases that go initially undiagnosed [8].
Estimates of undiagnosed fractures have ranged from 3%–9% depending on the age group [9-11]. An approach to
diagnosis founded on available evidence is our best option for minimizing the substantial morbidity and mortality
associated with missed proximal femoral fractures.
Radiography
Radiography is the established initial imaging study of choice for assessing the acutely painful hip. Radiographs
of the hip are widely available, logistically simple for the patient, technically straightforward for the technologist,
and relatively inexpensive. As with any trauma-related musculoskeletal radiographic studies, orthogonal views
are considered standard. Hip anteroposterior (AP) and cross-table lateral views satisfy this requisite. An AP view
is taken with the leg in approximately 15° of internal rotation. However, because nonresponsive, high-energy
trauma patients often present in external rotation, a Judet view with 40° of angulation of the pelvis is suggested.
The Judet or 40° contralateral posterior oblique view will separate the superimposed head and greater trochanter
for adequate evaluation. Another strategy for obtaining orthogonal views of the proximal femur is the frog-leg
lateral, a position that puts the patient in maximal abduction by placing the soles of the feet together. However,
the literature recommends against this view in cases of suspected proximal femoral fracture or dislocation, as it
may further displace the fracture and complicate the injury [12].
The initial imaging study for acute hip pain in low-energy trauma is the radiograph. However, radiographs have
been shown to have limited sensitivity [9-14]. In one series, magnetic resonance imaging (MRI) revealed fractures
in 37% of patients who had negative radiographs for proximal femur fracture [15]. A more recent study
demonstrated false-negative and -positive radiographic findings, which led the authors to conclude their study
demonstrated “poor sensitivity and specificity of radiography of the proximal femur and pelvis in emergency
department evaluation of patients with pain or suspected trauma around these structures [16].” In a recently
published 10-year retrospective study, MRI showed fractures in 83 of 98 patients with negative radiographs [17].
Ultimately, radiographs alone cannot exclude fracture in older patients. There is no current data on the sensitivity
and specificity of radiography in the younger patient population; therefore, clinicians are suggested to proceed
with caution.
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Computed Tomography
Computed tomography (CT) is widely available, rapid, and easily tolerated by patients with potential hip injuries.
The literature cites the use of CT for hip fracture since 1980 [18]. CT was found to be useful in evaluating the
presence of intra-articular, loose osseous fragments within joints. Later, the focus shifted to hip injury and
evaluation of acetabular fractures. Numerous studies using MRI as the gold standard cite CT’s improved
sensitivity to fracture when compared to radiographs [14,19-21]. One study demonstrated that CT had a femoral
neck fracture sensitivity of 70%; however, sensitivity decreased to 58% when femoral head fracture subjects were
included [22]. A recent review proposed an algorithm that used CT following negative radiographs in cases of
high-energy trauma [9]. The rationale was that the substantial forces experienced in high-energy trauma would
likely cause cortical disruption that could be well-demonstrated with CT. However, the authors did not mention
the likely concurrent abdominal and pelvic CT imaging from which the high-energy trauma patient’s proximal
femora could be evaluated. Currently, there are no data to suggest that CT alone could rule out fracture in highenergy trauma among the younger age group; however, such an approach appears sensible. Alternatively, younger
high-energy trauma patients who do not undergo scanning for other potential injuries would likely benefit from
the more sensitive MRI examination to avoid the substantial radiation associated with pelvic and hip imaging.
A more recent, retrospective study of CT demonstrated impressive findings. Among 193 patients who underwent
CT, 84 scans were negative for fractures. Subsequent MRI or other diagnostic criteria found 4 of those 84 to have
fractures. These results indicate a CT sensitivity of 95% [23]. The authors described interpretation criteria from a
previous study [24] and admitted that using CT to identify fracture “may sometimes be more difficult to interpret
than MRI, especially for inexperienced radiologists.” The major weakness of this study was the absence of an
imaging gold standard for all cases. Using the same technique, the authors had demonstrated near perfect
interobserver agreement with kappa values ranging from 0.85 to 0.97 [25]. Further application of these advanced
interpretation strategies within the community setting may help guide future recommendations [24].
Magnetic Resonance Imaging
Since 1989, the literature has shown the use of MRI in identifying radiographically occult proximal femoral
fracture [19]. All 23 patients scanned by Deutsche et al were later determined to have fractures, as demonstrated
by MRI. In another study using clinical outcomes as a standard, MRI demonstrated 100% accuracy in detecting
fractures in 20 patients who had indeterminate radiographs [20]. An early study comparing MRI with scintigraphy
for evaluating occult fractures demonstrated comparable sensitivity [11]. In an additional study, MRI detected
fractures in 10 of 15 patients who had negative radiographs for femoral fracture. The remaining 5 patients were
evaluated as negative on MRI and successfully treated conservatively [26]. In yet another confirmatory study of
33 patients, MRI found fractures among two-thirds; the patients with negative MRIs were followed over time to
confirm that they did not subsequently fracture [27]. These studies suggest that MRI for radio-occult proximal
femur fracture is highly sensitive, specific, and accurate in evaluating fracture.
In addition to increased sensitivity in proximal femoral fracture detection, MRI has been shown to be useful in
characterizing fracture morphology. Schultz et al [28] described MRI’s ability to unequivocally detect the
incomplete intertrochanteric fracture in 31 patients. Although complete fractures require surgery, incomplete
fractures potentially may be treated conservatively. The clinical significance of distinguishing incomplete versus
complete intertrochanteric fractures was demonstrated in a study that followed 68 patients with suspected fracture
of the proximal femur [29]. Eight patients were identified with incomplete intertrochanteric fractures; 3 were
treated operatively, and 5 were treated conservatively. None were admitted for completion of their fracture. The
study suggests that patients with incomplete intertrochanteric fractures may be treated conservatively and,
consequently, that MRI may have a future role in directing treatment.
Additionally, authors have evaluated MRI’s ability to detect extra-femoral trauma in cases of acute hip pain and
negative radiographs. A study to evaluate the frequency of unsuspected pelvic fracture in patients sent for MRI to
evaluate for proximal femoral fracture demonstrated that 80% of patients had significant pelvic bone or soft-tissue
abnormalities. Of those patients whose scans were negative for proximal femoral fracture, 50% were found to
have bone or soft-tissue abnormalities [15]. A more recent study in patients without radiograph evidence of
proximal femoral fracture found that 14 of 28 patients had fractured femurs. Of those patients who were
radiographically negative for proximal femur fracture, all had alternative causes for symptoms, including gluteus
maximus strains, hematomas, avascular necrosis, or effusions [30]. In a larger series of 70 patients worked up for
proximal femur fracture, 21% had pubic rami fractures, and 19% had sacral fractures [8]. In this study, it was
interesting that patients with proximal femur fractures had lengths of stay twice (21 days) those of patients with
ACR Appropriateness Criteria®
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insufficiency pelvic fractures and soft-tissue injuries (10-11 days), suggesting that ruling out proximal femur
fractures may allow for more rapid transfer to rehabilitation and a potential savings of acute care resources.
Multiple studies have confirmed that MRI sensitivity approaches 100% in cases of occult hip fractures. It is
important to determine whether using MRI to evaluate such cases is cost effective and, if so, which patient
population may best benefit from it. Several studies have examined the cost-effectiveness of MRI in occult
fracture detection. One study demonstrated that delaying surgery only 1 day led to 1.27 times greater risk of death
[31]. A second study challenged the assertion that increased preoperative time was associated with increased
mortality when corrected for comorbidities. However, there was an increased length of stay in the delayed group,
again emphasizing the cost-effectiveness of an early and accurate diagnosis with respect to proximal femur
fracture [32]. A third study supported the finding that a delay in surgery in patients corrected for comorbidities led
to increased mortality [33]. A subsequent study confirmed the increased mortality and morbidity with delayed
diagnoses [34]. Finally, a meta-analysis has demonstrated that early surgery leads to decreased length of stay,
morbidly, and mortality [35].
A 1998 study measuring the cost-effectiveness of MRI against bone scintigraphy [36] emphasized that the time to
diagnosis using a bone scan was roughly 4 times greater than with MRI. The time to surgery in the bone scan
group was 1 day greater than for the MRI group. More recently, a group in Denmark evaluated the costeffectiveness of MRI and demonstrated high sensitivity, specificity, and accuracy with excellent agreement
between radiology readers as well as a savings of approximately 250-650 ($325-845 US) related to prompt
diagnosis [21]. Dy et al [37] demonstrated the overall cost-effectiveness in allocating additional health-care
resources for performing surgery <48 hours after patients were diagnosed with proximal femur fractures.
Specific scanning protocols have emphasized either speed or comprehensiveness. In 1993, Quinn and McCarthy
suggested a single T1-weighted sequence to evaluate for fracture [20]. With equipment from 1993, the 7-minute
sequence proved 100% accurate in detecting hip fractures. A more recent study suggested the usefulness of
limited imaging for a rapid, more cost-effective, definitive diagnosis [38]. The use of contrast has been suggested
as a way to potentially change femoral neck fracture treatment algorithms based on vascularity of the femoral
head [39]. In a study from Japan, dynamic contrast-enhancement curves were predictors of avascular necrosis,
potentially guiding treatment between screw fixation and arthroplasty. The study results suggested that
nondisplaced fractures demonstrated normal head vascularity and displaced fractures had abnormal vascularity.
These results support the utility of the present radiographic Garden classification [40]. Alternatively, nondisplaced
fractures showed decreased perfusion in a study from Japan that demonstrated decreased enhancement perfusion
curves in 4 of 16 patients who had nondisplaced intra-articular fractures, with 2 cases progressing to avascular
necrosis [41]. A more recent study demonstrated decreased vascularity in only 1 of 17 (6%) of the nondisplaced
fractures [42]. Given the relatively small number of cases with vascular compromise at this time it is not clear that
contrast-enhanced MRI of the hip is useful in evaluating nondisplaced hip fracture.
With emphasis on time to diagnosis, some emergency departments have adopted a CT strategy for evaluating
radiographically occult fracture. Because a CT scan is fast and readily available, a noncontrast scan of the hip is a
tempting option for a quick and seemingly sensitive modality when a proximal femoral fracture is suspected in a
patient with fracture-negative radiograph.
Head-to-head comparison of CT and MRI first appeared in the literature in 2005 [14]. Among 17 patients (whose
average age was 73), 6 received both MRI and CT for evaluation. Assuming an MRI gold standard, 4 of the 6
cases were misdiagnosed using CT; only 2 diagnoses were concordant among the 6 patients. One subcapital
fracture on MRI was interpreted as a greater trochanteric fracture on CT. Three intertrochanteric fractures on MRI
were misdiagnosed as greater trochanteric fractures on CT. This change in diagnosis lead to a change in treatment;
the trochanteric fractures was treated nonsurgically, and the intertrochanteric fractures required surgery. A second
group in the study underwent MRI alone. The time to diagnosis between the 2 arms (MRI and CT versus MRI
alone) varied, with the MRI and CT group at 80 hours, and the MRI-only group at 32 hours. The authors
concluded that CT results were inaccurate in 66% of studies, and therapy was changed in 50% of cases based on
the MRI results. Secondly, they suggested that an accurate and prompt diagnosis will aid in reducing cost,
morbidity, and mortality. Note, however, that the study was limited by a small sample size.
In a more recent, larger study, 129 patients (whose average age was 65) received both CT and MRI for pelvic and
proximal femoral insufficiency fractures. MRI demonstrated 99% sensitivity, when compared to 69% for CT, in
detecting all pelvic and proximal femoral fractures when using a clinical reference standard augmented by followACR Appropriateness Criteria®
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up imaging. With respect to proximal femoral fractures specifically, only 70% were detected by CT and 90% by
MRI [22]. Interestingly, radiographs visualized only 15% of fractures diagnosed on MRI and 21% on CT. A
similar study to the Cabarrus et al study evaluated CT and MRI head to head in detecting pelvic fractures in
patients whose average age was 74 years. The study demonstrated fracture detection rates of 96% for MRI and
77% for CT when compared to a clinical reference standard [43].
Ultrasound
A single study, n = 10, using ultrasound (US) to detect radiographically occult proximal femoral fractures yielded
100% sensitivity and 65% specificity with an MRI reference standard. The authors conceded study limitations
with respect to the number of cases as well as the potential availability of experienced musculoskeletal US-trained
radiologists. [44]. Given only a single small study, there is not enough evidence to support the role of US in the
workup of radiographically occult hip fracture.
Bone Scan
Prior to MRI, a bone scan was considered the test of choice for a radiographically occult fracture. Studies from
1979 and 1987 demonstrated 93% and 95% sensitivity, respectively. In 1998, Rubin et al demonstrated that MRI
was more sensitive, specific, and cost effective relative to a bone scan. Two separate groups were scanned, one
with nuclear bone scan and the second with MRI. The 2 groups were compared with respect to time to diagnosis,
time to surgery, and cost. The bone-scan group averaged an additional day prior to surgery, thus incurring
substantial additional costs. The authors concluded that MRI was a cost-effective alternative to a nuclear bone
scan [36].
Although a bone scan has comparable high sensitivity relative to MRI, numerous limitations have been noted in
the literature. False-positive scans are common, as any process that leads to increased bone turnover (arthritis,
soft-tissue injury, and neoplasms) will demonstrate increased activity [11]. Combining the high sensitivity of bone
scintigraphy with the superior spatial resolution of multislice CT may prove useful in patients for whom MRI
cannot be performed, but no comparative data are yet available.
The target patient population represents challenges for bone scanning. Cardiac and renal function are important in
optimizing bone scintigraphy and are often compromised. Increased bone turnover related to osteoporosis may
decrease the signal-to-noise ratio of the fracture and yield a false-negative scan [45]. Additionally, bone scan
availability may be limited in some centers.
Ultimately, bone scintigraphy is time consuming and has been demonstrated to lead to delayed treatment relative
to MRI. The role of scintigraphy for detecting fractures may be an alternative for patients with contraindication
for MRI. However, given mounting recent evidence, the bone scan’s role as a second line of study may be
usurped by CT in the future.
Bone Densitometry
The ACR–SSR Practice Guideline for the Performance of Dual-Energy X-Ray Absorptiometry (DXA) states that
DXA is indicated for all patients with a fragility fracture. Osteoporosis is defined as “A skeletal disorder
characterized by compromised bone strength predisposing to an increased risk of fracture” [46]. By definition, a
fragility fracture indicates a diagnosis of osteoporosis. The strategy behind obtaining a DXA in the postfragility
fracture patient is to establish a baseline for measuring the effectiveness of potential future therapy.
Summary
 The medical and socioeconomic impact of proximal femoral fractures is substantial. Expeditious diagnosis and
treatment are critical for cost-effective care.
 Radiographs represent the best first test for evaluation.
 MRI is the most appropriate imaging choice for evaluating radiographically occult fracture in individuals >50
years old.
 CT and bone scintigraphy are second-line modalities, and US’s role is unclear to date.
 Patients >50 years old with fractures from minimal or no trauma should undergo a DXA study for osteoporosis
evaluation [47].
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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 quantity 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, both because of 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 to 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
Relative Radiation Level*

Adult Effective Dose Estimate
Range

Pediatric Effective Dose Estimate
Range

O

0 mSv

0 mSv

☢

<0.1 mSv

<0.03 mSv

☢☢

0.1-1 mSv

0.03-0.3 mSv

☢☢☢

1-10 mSv

0.3-3 mSv

☢☢☢☢

10-30 mSv

3-10 mSv

☢☢☢☢☢

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 (eg, region of the body exposed to ionizing radiation, the imaging guidance that is
used). The RRLs for these examinations are designated as “Varies”.

Supporting Documents
For additional information on the Appropriateness Criteria methodology and other supporting documents go to
www.acr.org/ac.
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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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