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Variant 1: Chronic hip pain. Initial Imaging.
Procedure Appropriateness Category Relative Radiation Level
Radiography pelvis Usually Appropriate 1Y)
Radiography hip Usually Appropriate DO
US hip (0]
Image-guided anesthetic +/- corticosteroid .
injection hip joint or surrounding structures Varies
MR arthrography hip (0]
MRI hip without and with IV contrast (0]
MRI hip without IV contrast (0]
Bone scan hip DS
CT arthrography hip L)
CT hip with IV contrast L)
CT hip without and with I'V contrast SO
CT hip without IV contrast S8
Fluoride PET/CT skull base to mid-thigh DO
Variant 2: Chronic hip pain. Suspect noninfectious extra-articular abnormality, such as tendonitis or

bursitis. Radiographs negative or nondiagnostic. Next imaging study.

Procedure Appropriateness Category Relative Radiation Level
US hip Usually Appropriate 0]
MRI hip without IV contrast Usually Appropriate (0]
e e Ny B A
MR arthrography hip (0]
MRI hip without and with IV contrast (0]
Bone scan hip DO
CT arthrography hip DS
CT hip with IV contrast DS
CT hip without and with IV contrast DS
CT hip without I'V contrast L)
Fluoride PET/CT skull base to mid-thigh SO
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Variant 3: Chronic hip pain. Suspect impingement or dysplasia. Radiographs negative or nondiagnostic.

Next imaging study.
Procedure Appropriateness Category Relative Radiation Level

MR arthrography hip Usually Appropriate O

MRI hip without IV contrast Usually Appropriate O
Radiography hip additional views May Be Appropriate

e i, My B Appropei

CT arthrography hip May Be Appropriate SO

CT hip without IV contrast May Be Appropriate

US hip Usually Not Appropriate @)

MRI hip without and with IV contrast Usually Not Appropriate @)

Bone scan hip Usually Not Appropriate PIII)

CT hip with IV contrast Usually Not Appropriate PIII)

CT hip without and with IV contrast Usually Not Appropriate PIII)

Fluoride PET/CT skull base to mid-thigh Usually Not Appropriate SO

Variant 4: Chronic hip pain. Suspect labral tear. Radiographs negative or nondiagnostic. Next imaging
study.
Procedure Appropriateness Category Relative Radiation Level

MR arthrography hip Usually Appropriate O

MRI hip without IV contrast Usually Appropriate O

My Be Apropria

CT arthrography hip May Be Appropriate L)

US hip Usually Not Appropriate O

MRI hip without and with IV contrast Usually Not Appropriate O

Bone scan hip Usually Not Appropriate eI L)

CT hip with IV contrast Usually Not Appropriate

CT hip without and with IV contrast Usually Not Appropriate

CT hip without IV contrast Usually Not Appropriate

Fluoride PET/CT skull base to mid-thigh Usually Not Appropriate PIII)
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Variant 5:

Chronic hip pain. Radiographs equivocal or positive for

articular cartilage integrity. Next imaging study.

mild osteoarthritis. Evaluate

Procedure Appropriateness Category Relative Radiation Level

MR arthrography hip Usually Appropriate 0]
MRI hip without IV contrast Usually Appropriate 0]
CT arthrography hip May Be Appropriate S8
US hip (0]
Image-guided anesthetic +/- corticosteroid Varies
injection hip joint or surrounding structures

MRI hip without and with IV contrast (0]
Bone scan hip PIII)
CT hip with IV contrast DO
CT hip without and with IV contrast DS
CT hip without IV contrast DS
Fluoride PET/CT skull base to mid-thigh PIII)

Variant 6:

Chronic hip pain. Radiographs suspicious for intra-articular synovial hyperplasia or

neoplasia, including nodular synovitis, diffuse tenosynovial giant cell tumor,
osteochondromatosis, other synovial neoplasm. Next imaging study.
Procedure Appropriateness Category Relative Radiation Level
MRI hip without and with IV contrast Usually Appropriate (0]
MRI hip without IV contrast Usually Appropriate (0]
CT arthrography hip May Be Appropriate L)
US hip 0]
1Ir}ag§—guic'1eq a'nesthetic +/- cgrticosteroid Varies
injection hip joint or surrounding structures
Image-guided aspiration hip Varies
MR arthrography hip 0]
Bone scan hip S8
CT hip with IV contrast S8
CT hip without and with IV contrast DO
CT hip without IV contrast DO
Fluoride PET/CT skull base to mid-thigh DO

ACR Appropriateness Criteria®

Chronic Hip Pain



Variant 7: Chronic hip pain with low back or knee pathology or pain. Radiographs demonstrate hip
osteoarthritis. Want to quantify amount of pain related to the hip. Next imaging study.

Procedure Appropriateness Category Relative Radiation Level
s
US hip O
MR arthrography hip 0]
MRI hip without and with IV contrast 0]
MRI hip without IV contrast 0]
Bone scan hip DO
CT arthrography hip DO
CT hip with IV contrast DO
CT hip without and with IV contrast DS
CT hip without IV contrast DS
Fluoride PET/CT skull base to mid-thigh PIII)
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CHRONIC HIP PAIN
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Summary of Literature Review

Introduction/Background

Chronic hip pain is a common chief complaint for patients, reportedly affecting 30% to 40% of adults who play
sports [1,2], and 12% to 15% of all adults over 60 [3.,4]. A wide variety of pathological entities may cause hip pain,
including osseous as well as intra- or extra-articular soft tissue abnormalities [5-7]. Pathology involving the lumbar
spine, sacroiliac, or knee joints can also cause hip pain [8], and these etiologies should be investigated as needed.
There is limited original research that specifically targets the imaging of chronic hip pain, but imaging of specific
conditions is widely discussed in the published literature.

Before imaging, an appropriate assessment of a patient’s clinical history and physical examination is essential in
trying to pare down the range of possible etiologies for a patient’s symptoms. Important historical details include
symptom duration, pain patterns (eg, activity or inactivity related, symptomatic worsening at night or in the
morning), alleviating or exacerbating factors, and a sensation of locking or snapping. On physical examination,
assessing a patient’s range of motion, gait, and pain level using a variety of provocative maneuvers is usually
performed. Following a history and physical examination, targeted imaging can play a vital role in distinguishing
the etiologies of a patient’s symptoms, thus allowing appropriate treatment of the patient’s underlying condition.

Bone tumors—both malignant and benign—may be identified as part of the initial diagnostic evaluation of a patient
presenting with chronic hip pain. A detailed discussion of the appropriate imaging workup of primary bone tumors
is covered in the ACR Appropriateness Criteria® topic on “Primary Bone Tumors” [9]. Systemic disease may also
manifest as chronic hip pain, and the appropriate imaging workup of patients with chronic joint pain thought to
stem from infectious or inflammatory arthritis is covered in the ACR Appropriateness Criteria® topic on “Chronic
Extremity Joint Pain-Suspected Inflammatory Arthritis” [10]. Osteonecrosis can also be a cause of chronic hip pain,
and the appropriate imaging workup of patients with suspected osteonecrosis is included in the ACR
Appropriateness Criteria® topic on “Osteonecrosis” [11].

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:

e 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

e There are complementary procedures (ie, more than one procedure is ordered as a set or
simultaneously where each procedure provides unique clinical information to effectively manage
the patient’s care).
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Discussion of Procedures by Variant
Variant 1: Chronic hip pain. Initial Imaging.

Bone Scan Hip
There is no relevant literature to support the use of bone scan of the hip in the initial evaluation of chronic hip pain.

CT Arthrography Hip
There is no relevant literature to support the use of CT arthrography of the hip in the initial evaluation of chronic
hip pain.

CT Hip With IV Contrast
There is no relevant literature to support the use of CT hip with intravenous (IV) contrast in the initial evaluation
of chronic hip pain.

CT Hip Without and With IV Contrast
There is no relevant literature to support the use of CT hip without and with IV contrast in the initial evaluation of
chronic hip pain.

CT Hip Without IV Contrast
There is no relevant literature to support the use of CT of the hip without IV contrast in the initial evaluation of
chronic hip pain.

Fluoride PET/CT Skull Base to Mid-Thigh
There is no relevant literature to support the use of fluoride PET/CT skull base to mid-thigh in the initial evaluation
of chronic hip pain.

Image-Guided Anesthetic +/- Corticosteroid Injection Hip Joint or Surrounding Structures
There is no relevant literature to support the use of image-guided anesthetic +/- corticosteroid injection hip joint or
surrounding structures in the initial evaluation of chronic hip pain.

MR Arthrography Hip
There is no relevant literature to support the use of MR arthrography of the hip in the initial evaluation of chronic
hip pain.

MRI Hip Without and With IV Contrast
There is no relevant literature to support the use of MRI of the hip without and with IV contrast in the initial
evaluation of chronic hip pain.

MRI Hip Without IV Contrast
There is no relevant literature to support the use of MRI of the hip without IV contrast in the initial evaluation of
chronic hip pain.

Radiography Hip

The literature indicates that radiography is a first-line screening tool, and hip radiographs are useful in the initial
imaging workup of chronic hip pain [12]. Oftentimes a pelvic radiograph, which includes imaging of both hips,
may be obtained concurrently with additional dedicated collimated radiograph(s) of the affected hip(s). Findings on
hip radiographs can result in an imaging diagnosis such as osteoarthritis or can lead to more advanced workups of
less common causes of chronic hip pain such as primary bone tumors. The results of screening hip radiographs can
help guide the use of additional imaging studies such as more specialized radiographic views or more advanced
modalities such as CT, ultrasound (US), MRI, radionuclide bone scans, and fluoride PET [13-15].

Radiography Pelvis

The literature indicates that radiography is a first-line screening tool, and pelvic radiographs are useful in the initial
imaging workup of chronic hip pain [12]. A pelvic radiograph is an excellent initial examination because it allows
for evaluation of both hip joints on a single radiographic image, allowing for comparison of the ipsilateral and
contralateral hips. Oftentimes, a pelvic radiograph may be obtained concurrently with additional dedicated
radiograph(s) of the affected hip. Findings on pelvic radiographs can result in an imaging diagnosis such as
osteoarthritis or may lead to more advanced workups of less common causes of chronic hip pain such as primary
bone tumors. The results of the pelvic radiograph can help the clinician for the selection of additional imaging
techniques and for comparison with studies such as MRI, CT, radionuclide bone scans, and fluoride PET [13-15].
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US Hip
There is no relevant literature to support the use of US hip in the initial evaluation of chronic hip pain.

Variant 2: Chronic hip pain. Suspect noninfectious extra-articular abnormality, such as tendonitis or
bursitis. Radiographs negative or nondiagnostic. Next imaging study.

Bone Scan Hip
There is no relevant literature to support the use of bone scan of the hip in the evaluation of extra-articular soft
tissue abnormalities.

CT Arthrography Hip

The instillation of intra-articular contrast may elucidate periarticular soft tissue abnormalities such as labral or
capsular pathology [16-18]. However, CT arthrography is limited for evaluating the extra-articular soft tissue
pathology because of the inherent poor soft tissue contrast of CT. Within the limitation of CT; however, some extra-
articular pathologic entities, such as a large, distended bursa may be evident on CT. Tendinous pathology is not
particularly well depicted on CT.

CT Hip With IV Contrast
There is no relevant literature to support the use of CT hip with IV contrast in the evaluation of tendon or bursal
pathology.

CT Hip Without and With IV Contrast
There is no relevant literature to support the use of CT hip without and with IV contrast in the evaluation of tendon
or bursal pathology.

CT Hip Without IV Contrast

CT hip without I'V contrast is of limited use in the evaluation of extra-articular soft tissue pathology because of the
inherent poor soft tissue contrast of CT [18]. Within the limitation of the contrast resolution of CT, some extra-
articular pathologic entities, such as a large, distended bursa may be evident on CT. Tendinous pathology is not
well evaluated on CT.

Fluoride PET/CT Skull Base to Mid-Thigh
There is no relevant literature to support the use of fluoride PET/CT skull base to mid-thigh in the evaluation of
chronic hip pain thought to be due to a noninfectious extra-articular abnormality.

Image-Guided Anesthetic +/- Corticosteroid Injection Hip Joint or Surrounding Structures

Fluoroscopic-, CT-, or US-guided anesthetic and/or corticosteroid injections can be a useful tool for the diagnosis
of chronic hip pain. In addition to intra-articular injections, selective trochanteric and iliopsoas bursal/peritendinous
injections can be performed for diagnostic purposes using anesthetic and/or corticosteroid injectate, respectively.
Symptomatic relief following selective injection of particular structure(s) can help to define the etiology of the
patient’s symptoms and guide future therapy [19-22].

MR Arthrography Hip
There is no relevant literature to support the use of MR arthrography in the evaluation of extra-articular soft tissue
pathology.

MRI Hip Without and With IV Contrast
There is no relevant literature to support administration of IV contrast (gadolinium chelate agents) for routine MRI
of the hip.

MRI Hip Without IV Contrast

MRI without IV contrast is useful for evaluating soft tissues given its high soft tissue contrast resolution [23].
Numerous studies have demonstrated that MRI is both highly sensitive and specific for evaluation of the articular
and periarticular soft tissues [24]. As such, noncontrast MRI should be considered as the next imaging test following
radiographic evaluation of the hip joint [25-34]. Trochanteric, iliopsoas, ischial, and subiliacus bursitis are well
demonstrated on noncontrast MRI, as are abductor and adductor tendinosis and tears, hamstring injuries, athletic
pubalgia, and calcific tendinosis. Large field-of-view images obtained as part of a hip MRI can also sometimes

ACR Appropriateness Criteria® 7 Chronic Hip Pain



reveal pathology of the spine, sacroiliac joints, or even the knee joint, which could be the source of a patient’s
chronic hip pain [35-37].

US Hip

The literature indicates that US is useful for the evaluation of extra-articular soft tissues in the region of the hip
[23]. US can also nicely demonstrate fluid collections around the hip, such as bursitis and paralabral cysts. Tendon
pathology, such as tendinosis, tears, or snapping iliopsoas tendons can also be identified with US [38-41]. US may
also be useful for the dynamic evaluation of the iliopsoas tendon, such as in snapping hip syndrome.

Variant 3: Chronic hip pain. Suspect impingement or dysplasia. Radiographs negative or nondiagnostic.
Next imaging study.

Bone Scan Hip

There is no relevant literature to support to the use of bone scan of the hip in the evaluation of suspected hip
impingement.

CT Arthrography Hip

Pathology associated with femoracetabular impingement (FAI) may be both intra- and extra-articular. CT is often
used for preoperative assessment of bony anatomy in the setting of FAI and hip dysplasia [42-44]. CT arthrography
has been shown to be sensitive for detection of acetabular labral tears [17], which may be associated with FAIL. CT
arthrography has also been shown to be more helpful in identifying chondral lesions [16] when compared to MRI.
However, arthrography does not offer an advantage over noncontrast CT for the detection of extra-articular
impingement (eg, ischiopelvic, ischiotrochanteric, subspinous, and femoropelvic).

CT Hip With IV Contrast

CT without IV contrast is often used for preoperative assessment of bony anatomy in the setting of FAI and hip
dysplasia [42-44]. However, IV contrast administration does not confer an additional advantage for evaluation of
hip impingement.

CT Hip Without and With IV Contrast
Noncontrast CT is often used for preoperative assessment of bony anatomy in the setting of FAI and hip dysplasia
[42-44]. IV contrast administration is not warranted for evaluation of hip impingement.

CT Hip Without IV Contrast

FAI is associated with both intra- and extra-articular pathology. Noncontrast CT is often used for preoperative
assessment of bony anatomy in the setting of FAI and hip dysplasia [42-44]. CT without [V contrast is not; however,
helpful in the assessment of the articular cartilage or labral status. Volume rendered 3-D reconstructions generated
from noncontrast CT data are useful for quantifying the femoral head-neck morphology and providing a noninvasive
assessment of hips at risk of FAI [62]. Some centers evaluate the shape and contours of the femoral neck by
employing radial imaging or radial reconstructions. Software programs can use CT data to generate virtual models
of the hip that can detect the presence of impingement throughout a hip’s range of motion. CT can also be helpful
in identifying extra-articular impingement (ischiopelvic, ischiotrochanteric, subspinous, and femoropelvic) [45,46].
Measurements can be performed on radiography, CT, and MRI [42-44,47,48]. Sometimes limited images of the
knees may be obtained as part of the hip CT to evaluate for femoral version; occasionally knee pathology may be
identified on these images as a possible cause of the patient’s hip pain [49].

Fluoride PET/CT Skull Base to Mid-Thigh

One study demonstrated the potential use of fluoride PET to demonstrate increased bone turnover in the setting of
chronic hip pain and FAI [50]. One other study demonstrated that fluoride PET can demonstrate acetabular
contrecoup injuries in patients with FAI [51]. However, increased radiotracer uptake is a nonspecific finding, and,
overall, there is insufficient literature to support the use of fluoride PET/CT skull base to mid-thigh in the evaluation
of chronic hip pain thought to be due to hip impingement and/or dysplasia.

Image-Guided Anesthetic +/- Corticosteroid Injection Hip Joint or Surrounding Structures

Fluoroscopic-, CT-, or US-guided anesthetic and/or corticosteroid injections can be a useful tool for clarifying the
source of a patient’s chronic hip pain. In addition to intra-articular injections, selective trochanteric and iliopsoas
bursal/peritendinous injections can be performed for both diagnostic or therapeutic purposes using anesthetic and/or
corticosteroid injectate, respectively. Symptomatic relief following selective injection of particular structure(s) can
help to define the etiology of the patient’s symptoms and can guide future therapy [19-22].
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MR Arthrography Hip

Direct MR arthrography, performed following the intra-articular injection of a 1:200 solution of gadolinium chelate
in saline, is useful for diagnosing acetabular labral tears [65-70] that are frequently associated with FAI [71,72]
and/or hip dysplasia. MR arthrography has been shown to have a sensitivity of 94.5% and a specificity of 100% for
the detection of labral tears [52], which may be associated with FAI. Some authors have shown that MRI without
IV contrast and MR arthrography are similarly accurate and sensitive for detecting labral tears in the setting of FAI
[53], and other authors have shown that MR arthrography is superior to conventional MRI [54,55]. Several
publications show that MR arthrography is superior to CT arthrography and noncontrast MRI for evaluation of
labral tears [18,56], but there are other publications that demonstrate that CT arthrography and noncontrast MRI are
superior [16,57-59]. MR arthrography may also nicely demonstrate acetabular chondral delamination [60].
Although MR arthrography can be useful for demonstrating labral and chondral pathology associated with
impingement, the presence of intra-articular contrast offers no advantage over noncontrast MRI for the detection of
extra-articular abnormalities associated with impingement.

MRI Hip Without and With IV Contrast

Indirect arthrography is a technique that falls under the category of MRI hip with contrast. When administered
intravenously, gadolinium chelate contrast can diffuse into the joint space via the synovium, and this results in
indirect arthrography. There is limited literature supporting the use of indirect arthrography instead of direct MR
arthrography for evaluating intra-articular disorders [34,61-63]. IV, rather than intra-articular, injection of contrast
is faster and easier to perform and does not require image guidance, but indirect arthrography does not distend the
joint capsule and results in less consistent enhancement of the joint space. The accuracy of indirect arthrography
for evaluation of the acetabular labrum and articular cartilage remains uncertain. Because the literature supporting
indirect arthrography is scant, it is a technique that is not often used clinically.

MRI without IV contrast is useful for evaluating the labrum and articular cartilage in the setting of FAI and/or
dysplasia. It can even be used for the detailed assessment of osseous anatomy, such as the shape and contour of the
femoral neck. A noncontrast MRI can demonstrate findings of extra-articular impingement as well. At times,
indirect arthrography may be performed following noncontrast image acquisition in order to obtain a
complementary assessment of the hip and its synovium.

Quantitative ultrastructural cartilage imaging may be helpful in determining a patient’s suitability for and the
potential timing of surgical intervention [64,65]. One of the techniques for ultrastructural cartilage imaging, delayed
gadolinium-enhanced MRI of cartilage, is performed by administering IV contrast, having the patient exercise, and
then scanning the patient after the contrast agent has localized in the articular cartilage [66,67].

MRI Hip Without IV Contrast

FAI and dysplasia are associated with both intra- and extra-articular abnormalities, both osseous and soft tissue.
The literature demonstrates that a noncontrast MRI is useful in the assessment of labral and cartilage lesions in the
setting of hip impingement. Investigators have demonstrated success in detecting labral and articular cartilage
lesions with high-resolution MRI of the hip at 1.5T without intra-articular contrast [58,68]. Additional literature has
shown that high-resolution 3T MRI without IV contrast can further improve the visualization of the acetabular
labrum and the articular cartilage of the femoral head and acetabulum [69,70].

Quantitative cartilage imaging may be helpful in determining a patient’s suitability for and the potential timing of
surgical intervention [64,65].

Evaluation of cortical bone is more difficult with conventional MRI than it is with CT, but the use of isotropic MR
sequences has been shown to be effective in the evaluation of FAI [71]. Some centers routinely evaluate the shape
and contours of the femoral neck by utilizing radial imaging or radial reconstructions. Additional research has
shown that the zero-echo time pulse sequence offers excellent visualization of cortical bone on MRI without the
need for contrast, and it has been shown to be an effective sequence for evaluating osseous hip morphology [72].

MRI can also be useful in detecting extra-articular impingements (ischiopelvic, ischiotrochanteric, subspinous, and
femoropelvic) [45,46].

Although there is a paucity of supportive data, some surgeons may use both MRI and CT in order to define the soft
tissues (labrum and articular cartilage) and the bone, respectively. Measurements can be performed on radiography,
CT, and MRI [42-44,47,48].
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Radiography Hip Additional Views

For further evaluation of disorders such as dysplasia or FAI specialized views such as the false profile or elongated
femoral neck lateral (Dunn) views can provide more detailed evaluation of the anatomy of the femoral head and
neck and the degree of acetabular coverage of the femoral head [47].

US Hip

In general, US is limited in its use for evaluating osseous structures. However, there is limited literature that
demonstrates that US can be used to evaluate osseous features of FAI such as the alpha-angle [73]. However, US is
not able to adequately evaluate osseous abnormalities deep to the cortex. One of the advantages of US is its ability
to dynamically evaluate for extra-articular soft tissue impingement. US is not as sensitive as MRI or CT
arthrography for the detection of labral tears [17], but it can be useful for the detection and localization of paralabral
cysts for aspiration and injection [39,41].

Variant 4: Chronic hip pain. Suspect labral tear. Radiographs negative or nondiagnostic. Next imaging
study.

Bone Scan Hip
There is no relevant literature to support the use of bone scan of the hip for the workup of an acetabular labral tear
in a patient with chronic hip pain.

CT Arthrography Hip

Some authors have shown that CT arthrography can be useful in the detection of acetabular labral tears [17,74],
which may be associated with FAI, but other authors have shown that CT arthrography is not very good for the
detection of labral tears [18].

CT Hip With IV Contrast
There is no relevant literature to support the use of CT hip with IV contrast for the workup of an acetabular labral
tear in a patient with chronic hip pain.

CT Hip Without and With IV Contrast
There is no relevant literature to support the use of CT hip without and with IV contrast for the workup of an
acetabular labral tear in a patient with chronic hip pain.

CT Hip Without IV Contrast
Because of its inherent poor contrast resolution, there is no relevant literature supporting the use of CT hip without
IV contrast for the workup of an acetabular labral tear in a patient with chronic hip pain.

Fluoride PET/CT Skull Base to Mid-Thigh
There is no relevant literature to support the use of fluoride PET/CT skull base to mid-thigh in the evaluation of
chronic hip pain thought to be due to a labral tear.

Image-Guided Anesthetic +/- Corticosteroid Injection Hip Joint or Surrounding Structures
Diagnostic joint injections are safe and useful tools for confirming the etiology of pain, such as a labral tear or
symptomatic paralabral cyst [20-22].

MR Arthrography Hip

Direct MR arthrography, with the intraarticular injection of a 1:200 solution of gadolinium chelate in saline, has
been established as a reliable technique for diagnosing acetabular labral tears [75-80] that are frequently associated
with FAI [81,82]. MR arthrography has been shown to have a sensitivity of 94.5% and a specificity of 100% for
the detection of labral tears [52]. Within some of the published literature, MR arthrography has often been
demonstrated to be superior to CT arthrography and noncontrast MRI for evaluation of labral tears [18,56].
However, in other articles, CT arthrography and noncontrast MRI fare better [16,57-59].

MRI Hip Without and With IV Contrast

Indirect arthrography is a technique that falls under the category of MRI hip with contrast. For performance of
indirect MR arthrography, gadolinium chelate contrast is administered by IV injection and diffuses into the joint
space through the synovium. This technique has been proposed as an alternative to direct MR arthrography for
detecting intra-articular disorders [34,61-63] because it is faster and easier to perform than direct arthrography and
does not require image guidance. However, indirect arthrography offers less consistent enhancement of the joint
space and cannot distend the joint capsule. Although the literature is scant, there are a few small studies suggesting
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that indirect MR arthrography may be helpful in detecting labral pathology [83,84]. However, as the literature
supporting indirect arthrography is very limited, it is a technique that is not often used clinically.

MRI Hip Without IV Contrast

MRI is currently the reference standard for evaluation of labral pathology [85]. For evaluating labral tears, MRI
with or without arthrography can be used [76-79]. Several investigators suggest that high-resolution 3T MRI may
improve the visualization of the acetabular labrum and the hyaline articular cartilage [69,70], which may obviate
the need for intra-articular contrast [86]. Other investigators have obtained satisfactory results in detecting labral
and hyaline cartilage lesions with high-resolution MRI of the hip at 1.5T without intra-articular contrast [58,68].

US Hip

Although not as commonly used as MRI for the detection of labral pathology, US has been able to document the
presence of labral tears in patients with hip pain [87,88]. However, it is not as sensitive as other modalities for
detecting labral tears [17]. US can also be used to localize paralabral cysts for aspiration and injection [39,41].

Variant 5: Chronic hip pain. Radiographs equivocal or positive for mild osteoarthritis. Evaluate articular
cartilage integrity. Next imaging study.

Bone Scan Hip

There is no relevant literature to support the use of bone scan of the hip in the assessment of the extent of cartilage
damage in a patient with chronic hip pain.

CT Arthrography Hip

Direct visualization of articular cartilage is possible using those imaging techniques that provide either intrinsic
contrast (MRI and US) or extrinsic contrast (any type of arthrography) [89]. Hip cartilage abnormalities can be
successfully evaluated by high-resolution CT arthrography [18,90-93], thus allowing for improved assessment of
the degree of cartilage loss when compared with the initial radiographs.

CT Hip With IV Contrast
Because of its inherent poor soft tissue contrast resolution, there is no relevant literature to support the use of CT
hip with IV contrast in the assessment of the extent of cartilage damage in a patient with chronic hip pain.

CT Hip Without and With IV Contrast

Because of its inherent poor soft tissue contrast resolution, there is no relevant literature to support the use of CT
hip without and with IV contrast in the assessment of the extent of cartilage damage in a patient with chronic hip
pain.

CT Hip Without IV Contrast
Because of its inherent poor soft tissue contrast resolution, there is no relevant literature to support the use of CT
hip without IV contrast in the assessment of the extent of cartilage damage in a patient with chronic hip pain.

Fluoride PET/CT Skull Base to Mid-Thigh
There is no relevant literature to support the use of fluoride PET/CT skull base to mid-thigh in the assessment of
the extent of cartilage damage in a patient with chronic hip pain.

Image-Guided Anesthetic +/- Corticosteroid Injection Hip Joint or Surrounding Structures

Although image-guided anesthetic and/or corticosteroid injections may be useful in the diagnosis and treatment of
patients with osteoarthritis, it does not offer the possibility of evaluating the extent of cartilage damage that may
exist in a joint. Image-guided therapeutic injections have not been shown to alter patient reported outcome measures
[94].

MR Arthrography Hip

Direct visualization of articular cartilage is possible on MRI because of its intrinsic excellent soft tissue contrast
resolution. Intra-articular administration of contrast can also help with the direct visualization of articular cartilage
[89]. MR arthrography has been shown to have high sensitivity and fair specificity of 92.5% and 54.5%,
respectively, for the detection of chondral pathology in the setting of FAI [52]. A lower sensitivity for the detection
of chondral pathology has been reported for the detection of hip articular cartilage defects in a more generalized
group of patients [55]. Assessment of the T2* relaxation time is not affected by the presence of intra-articular
gadolinium injection [95], and, although more commonly used for research purposes, T2* may be used to assess
cartilage ultrastructure.
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MRI Hip Without and With IV Contrast

Indirect arthrography falls under the technique of MRI hip with IV contrast. The diagnostic accuracy of indirect
MR arthrography has not been widely studied [96], and, as such, there is insufficient literature to support the use of
MRI with IV contrast in assessment for the degree of cartilage damage. IV contrast administration can; however,
help to demonstrate the degree of enhancing inflamed synovium. Delayed gadolinium-enhanced MRI of cartilage
may be useful in assessing the degree of hip cartilage damage, but this is most frequently employed in the research
setting [97]. Overall, given the scant literature supporting indirect arthrography, this is a technique that is not often
used clinically.

MRI Hip Without IV Contrast

Direct visualization of articular cartilage is possible on MRI because of its intrinsic excellent soft tissue contrast
resolution [89]. MRI can demonstrate the articular cartilage and areas of chondral pathology [18,91,93]. MRI has
been shown to be 85.92% accurate for identification of acetabular chondral rim lesions when compared to
arthroscopy [85]. Various MRI techniques such as T2 mapping, Tlrho, and sodium imaging allow for the
ultrastructural assessment of articular cartilage [98]. Although these techniques are primarily used in the research
setting, some have also been applied in the routine evaluation of clinical patients.

US Hip
US is limited in the hip by its inability to evaluate the acetabular or the majority of the femoral head cartilage. The
acoustic window to see articular cartilage in the hip is limited.

Variant 6: Chronic hip pain. Radiographs suspicious for intra-articular synovial hyperplasia or neoplasia
including nodular synovitis, diffuse tenosynovial giant cell tumor, osteochondromatosis, other synovial
neoplasm. Next imaging study.

Image-Guided Aspiration Hip
Image-guided aspiration/injections demonstrate brown or bloody aspirate in patients with the diffuse form of
tenosynovial giant cell tumor [99,100]. The diagnosis of synovial hyperplasia/neoplasia may require a tissue sample.

Bone Scan Hip
There is no relevant literature to support the use of bone scan of the hip in the assessment of the intra-articular
synovial hyperplasia/neoplasia in a patient with chronic hip pain.

CT Arthrography Hip
CT arthrography may be helpful in evaluating whether there are intra-articular bodies or hypertrophic synovium.

CT Hip With IV Contrast
There is no relevant literature to support the use of CT hip with IV contrast for the workup of synovial
hyperplasia/neoplasia in a patient with chronic hip pain.

CT Hip Without and With IV Contrast

It can be quite difficult to distinguish diffuse tenosynovial giant cell tumor from synovial chondromatosis and other
proliferative synovial processes on imaging. CT without IV contrast might help to detect calcification. However,
there is no added benefit of administering IV contrast for the diagnosis of a synovial proliferative process.

CT Hip Without IV Contrast

Intra-articular sources of pain such as synovitis, whether inflammatory (eg, Lyme disease), proliferative (eg,
synovial chondromatosis), or neoplastic (eg, chondroma), are well demonstrated on MRI. It can be quite difficult
to distinguish tenosynovial giant cell tumor from synovial chondromatosis and other proliferative synovial
processes, although CT might help to detect subtle calcifications, which can sometimes be seen with synovial
chondromatosis but are not typically seen in the setting of tenosynovial giant cell tumor.

Fluoride PET/CT Skull Base to Mid-Thigh
There is no relevant literature to support the use of fluoride PET/CT skull base to mid-thigh in the assessment of
the intra-articular synovial hyperplasia/neoplasia in a patient with chronic hip pain.

Image-Guided Anesthetic +/- Corticosteroid Injection Hip Joint or Surrounding Structures

There is no relevant literature to support the use of image-guided anesthetic +/- corticosteroid injection hip joint or
surrounding structures in the assessment of the intra-articular synovial hyperplasia/neoplasia in a patient with
chronic hip pain.
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MR Arthrography Hip

Instillation of intra-articular contrast may be helpful in elucidating whether a body/bodies are intra-articular.
However, in cases in which precise intra-articular pathology is still unknown and neoplasm remains a consideration,
histologic sampling of the neoplastic process is probably indicated before instillation of contrast into the joint to
avoid unintended harm.

MRI Hip Without and With IV Contrast
MRI hip with IV contrast administration may be helpful in distinguishing enhancing inflamed synovium from a
bland joint effusion.

MRI Hip Without IV Contrast

Intra-articular sources of pain such as synovitis, whether inflammatory (eg, Lyme disease), proliferative (eg,
synovial chondromatosis), or neoplastic (eg, chondroma), are well demonstrated on MRI. It can be quite difficult
to distinguish tenosynovial giant cell tumor from synovial chondromatosis and other proliferative synovial
processes. MRI, including a gradient-echo sequence, may be useful in assessing for blooming, which would indicate
the presence of hemosiderin, such as can be seen in tenosynovial giant cell tumor.

US Hip
There is no relevant literature to support the use of diagnostic US hip in the assessment of the intra-articular synovial
hyperplasia/neoplasia in a patient with chronic hip pain.

Variant 7: Chronic hip pain with low back or knee pathology or pain. Radiographs demonstrate hip
osteoarthritis. Want to quantify amount of pain related to the hip. Next imaging study.

Bone Scan Hip
Although a bone scan of the hip may be able to demonstrate pathology about the hip, it cannot be used to quantify
the amount pain that is generated from the hip pathology.

CT Arthrography Hip

Hip cartilage abnormalities can be successfully evaluated by high-resolution CT arthrography [18,90-93].
Visualization of the degree of cartilage loss does not enable quantification of the amount of pain that is generated
by the patient’s hip pathology. However, the injection of an anesthetic agent along with the contrast that is
administered for arthrography may help determine whether intra-articular pathology can account for the patient’s
symptoms [13].

CT Hip With IV Contrast
Although CT hip with IV contrast may be able to demonstrate pathology about the hip, it cannot be used to quantify
the amount pain that is generated from the hip pathology.

CT Hip Without and With IV Contrast
Although CT hip without and with IV contrast may be able to demonstrate pathology about the hip, it cannot be
used to quantify the amount pain that is generated from the hip pathology.

CT Hip Without IV Contrast
Although CT hip without IV contrast may be able to demonstrate pathology about the hip, it cannot be used to
quantify the amount pain that is generated from the hip pathology.

Fluoride PET/CT Skull Base to Mid-Thigh
Although fluoride PET/CT skull base to mid-thigh may be able to demonstrate pathology about the hip, knee, and
spine, it cannot be used to quantify the amount pain that is generated from the hip pathology.

Image-Guided Anesthetic +/- Corticosteroid Injection Hip Joint or Surrounding Structures

Fluoroscopic-, CT-, or US-guided anesthetic and/or corticosteroid injections can be a useful tool for the diagnosis
of chronic hip pain. In addition to intra-articular injections, selective trochanteric and iliopsoas bursal/peritendinous
injections can be performed for diagnostic purposes using anesthetic and/or corticosteroid injectate. Symptomatic
relief following selective injection of particular structure(s) can help to define the etiology of the patient’s symptoms
and guide future therapy [19-22].

MR Arthrography Hip
Although MR arthrography hip may be able to demonstrate pathology about the hip, it cannot be used to quantify
the amount pain that is generated from the hip pathology. If anesthetic is mixed with the contrast that is injected
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into the joint, this may help determine whether the patient’s symptoms are the result of intra-articular pathology
[13].

MRI Hip Without and With IV Contrast
Although MRI hip without and with IV contrast may be able to demonstrate pathology about the hip, it cannot be
used to quantify the amount pain that is generated from the hip pathology.

MRI Hip Without IV Contrast
Although MRI hip without IV contrast may be able to demonstrate pathology about the hip, it cannot be used to
quantify the amount pain that is generated from the hip pathology.

US Hip
Although US hip may be able to demonstrate pathology about the hip, it cannot be used to quantify the amount pain
that is generated from the hip pathology.

Summary of Recommendations

e Variant 1: Radiography pelvis and Radiography hip are usually appropriate for the initial imaging of chronic
hip pain. These procedures are complementary (ie, more than one procedure is ordered as a set or simultaneously
in which each procedure provides unique clinical information to effectively manage the patient’s care).

e Variant 2: In the setting of chronic hip pain with negative or nondiagnostic radiographs, MRI hip without IV
contrast or US hip is usually appropriate as the next imaging study for suspected noninfectious extra-articular
abnormality, such as tendonitis or bursitis. These procedures are equivalent alternatives (ie, only one procedure
will be ordered to provide the clinical information to effectively manage the patient’s care).

e Variant 3: In the setting of chronic hip pain with negative or nondiagnostic radiographs, MR arthrography hip
or MRI hip without IV contrast is usually appropriate as the next imaging study for suspected impingement or
dysplasia. These procedures are equivalent alternatives (ie, only one procedure will be ordered to provide the
clinical information to effectively manage the patient’s care).

e Variant 4: In the setting of chronic hip pain with negative or nondiagnostic radiographs, MR arthrography hip
or MRI hip without IV contrast is usually appropriate to evaluate for a labral tear. These procedures are
equivalent alternatives (ie, only one procedure will be ordered to provide the clinical information to effectively
manage the patient’s care).

e Variant 5: In the setting of chronic hip pain with equivocal or mild osteoarthritis by radiographs, MR
arthrography hip or MRI hip without IV contrast is usually appropriate as the next imaging study to assess
articular cartilage integrity. These procedures are equivalent alternatives (ie, only one procedure will be ordered
to provide the clinical information to effectively manage the patient’s care).

e Variant 6: In the setting of chronic hip pain, MRI hip without and with IV contrast or MRI hip without IV
contrast is usually appropriate as the next imaging study when radiographs are suspicious for intra-articular
synovial hyperplasia or neoplasia, including nodular synovitis, diffuse tenosynovial giant cell tumor,
osteochondromatosis, or other synovial neoplasm. These procedures are equivalent alternatives (ie, only one
procedure will be ordered to provide the clinical information to effectively manage the patient’s care).

e Variant 7: In the setting of concomitant chronic hip pain with low back or knee pathology or pain, Image-
guided anesthetic +/- corticosteroid injection of the hip joint or surrounding structures is usually appropriate as
the next imaging study to quantify the amount of pain arising from the hip when radiographs also demonstrate
hip osteoarthritis.

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 go to
WWWw.acr.org/ac.
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Appropriateness Category Names and Definitions

Appropriateness

Rating Appropriateness Category Definition

Appropriateness Category Name

The imaging procedure or treatment is indicated in the
Usually Appropriate 7,8,0r9 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 alternative to
May Be Appropriate 4,5, 0r6 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 transparency

May Be Appropriate 5 regarding the panel’s recommendation. “May be

(Disagreement) appropriate” is the rating category and a rating of 5 is
assigned.

The imaging procedure or treatment is unlikely to be

: indicated in the specified clinical scenarios, or the

Usually Not Appropriate 1,2,0r3 risk-benefit ratio for patients is likely to be

unfavorable.

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, 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 [101].

Relative Radiation Level Designations
Relative Radiation Level* Adult Effective Dose Estimate Pediatric Effective Dose Estimate
Range Range
@) 0 mSv 0 mSv
& <0.1 mSv <0.03 mSv
& 0.1-1 mSv 0.03-0.3 mSv
OO 1-10 mSv 0.3-3 mSv
DO 10-30 mSv 3-10 mSv
OO0 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.”

References

1. Langhout R, Weir A, Litjes W, et al. Hip and groin injury is the most common non-time-loss injury in
female amateur football. Knee Surg Sports Traumatol Arthrosc 2019;27:3133-41.

ACR Appropriateness Criteria® 15 Chronic Hip Pain


https://www.acr.org/-/media/ACR/Files/Appropriateness-Criteria/RadiationDoseAssessmentIntro.pdf

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Thorborg K, Rathleff MS, Petersen P, Branci S, Holmich P. Prevalence and severity of hip and groin pain
in sub-elite male football: a cross-sectional cohort study of 695 players. Scand J Med Sci Sports
2017;27:107-14.

Cecchi F, Mannoni A, Molino-Lova R, et al. Epidemiology of hip and knee pain in a community based
sample of Italian persons aged 65 and older. Osteoarthritis Cartilage 2008;16:1039-46.

Christmas C, Crespo CJ, Franckowiak SC, Bathon JM, Bartlett SJ, Andersen RE. How common is hip pain
among older adults? Results from the Third National Health and Nutrition Examination Survey. J Fam Pract
2002;51:345-8.

Blankenbaker DG, Tuite MJ. The painful hip: new concepts. Skeletal Radiol 2006;35:352-70.

Byrd JW. Evaluation of the hip: history and physical examination. N Am J Sports Phys Ther 2007;2:231-
40.

Suarez JC, Ely EE, Mutnal AB, et al. Comprehensive approach to the evaluation of groin pain. J Am Acad
Orthop Surg 2013;21:558-70.

Saito J, Ohtori S, Kishida S, et al. Difficulty of diagnosing the origin of lower leg pain in patients with both
lumbar spinal stenosis and hip joint osteoarthritis. Spine (Phila Pa 1976) 2012;37:2089-93.

Bestic JM, Wessell DE, Beaman FD, et al. ACR Appropriateness Criteria® Primary Bone Tumors. J] Am
Coll Radiol 2020;17:S226-S38.

Jacobson JA, Roberts CC, Bencardino JT, et al. ACR Appropriateness Criteria® Chronic Extremity Joint
Pain-Suspected Inflammatory Arthritis. J Am Coll Radiol 2017;14:S81-S89.

American College of Radiology. ACR Appropriateness Criteria® Osteonecrosis. Available at:
https://acsearch.acr.org/docs/69420/Narrative/. Accessed September 30, 2022.

Taljanovic MS, Hunter TB, Fitzpatrick KA, Krupinski EA, Pope TL. Musculoskeletal magnetic resonance
imaging: importance of radiography. Skeletal Radiol 2003;32:403-11.

Jacobson JA, Bedi A, Sekiya JK, Blankenbaker DG. Evaluation of the painful athletic hip: imaging options
and imaging-guided injections. AJR Am J Roentgenol 2012;199:516-24.

Newberg AH, Newman JS. Imaging the painful hip. Clin Orthop Relat Res 2003:19-28.

Peat G, Croft P, Hay E. Clinical assessment of the osteoarthritis patient. Best Pract Res Clin Rheumatol
2001;15:527-44.

Christie-Large M, Tapp MJ, Theivendran K, James SL. The role of multidetector CT arthrography in the
investigation of suspected intra-articular hip pathology. Br J Radiol 2010;83:861-7.

Jung JY, Kim GU, Lee HJ, Jang EC, Song IS, Ha YC. Diagnostic value of ultrasound and computed
tomographic arthrography in diagnosing anterosuperior acetabular labral tears. Arthroscopy 2013;29:1769-
76.

Perdikakis E, Karachalios T, Katonis P, Karantanas A. Comparison of MR-arthrography and MDCT-
arthrography for detection of labral and articular cartilage hip pathology. Skeletal Radiol 2011;40:1441-7.
Adler RS, Buly R, Ambrose R, Sculco T. Diagnostic and therapeutic use of sonography-guided iliopsoas
peritendinous injections. AJR Am J Roentgenol 2005;185:940-3.

Berquist TH. Diagnostic and therapeutic injections as an aid to musculoskeletal diagnosis. Semin intervent
Radiol 1993;10:326-43.

Byrd JW, Jones KS. Diagnostic accuracy of clinical assessment, magnetic resonance imaging, magnetic
resonance arthrography, and intra-articular injection in hip arthroscopy patients. Am J Sports Med
2004;32:1668-74.

Migliore A, Tormenta S, Lagana B, et al. Safety of intra-articular hip injection of hyaluronic acid products
by ultrasound guidance: an open study from ANTIAGE register. Eur Rev Med Pharmacol Sci
2013;17:1752-9.

Westacott DJ, Minns JI, Foguet P. The diagnostic accuracy of magnetic resonance imaging and
ultrasonography in gluteal tendon tears--a systematic review. Hip Int 2011;21:637-45.

Oehler N, Ruby JK, Strahl A, Maas R, Ruether W, Niemeier A. Hip abductor tendon pathology visualized
by 1.5 versus 3. 0 Tesla MRIs. Arch Orthop Trauma Surg 2020;140:145-53.

Bencardino JT, Mellado JM. Hamstring injuries of the hip. Magn Reson Imaging Clin N Am 2005;13:677-
90, vi.

Bordalo-Rodrigues M, Rosenberg ZS. MR imaging of the proximal rectus femoris musculotendinous unit.
Magn Reson Imaging Clin N Am 2005;13:717-25.

Bredella MA, Stoller DW. MR imaging of femoroacetabular impingement. Magn Reson Imaging Clin N
Am 2005;13:653-64.

ACR Appropriateness Criteria® 16 Chronic Hip Pain


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

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

Dillon JE, Connolly SA, Connolly LP, Kim YJ, Jaramillo D. MR imaging of congenital/developmental and
acquired disorders of the pediatric hip and pelvis. Magn Reson Imaging Clin N Am 2005;13:783-97.
Dwek J, Pfirrmann C, Stanley A, Pathria M, Chung CB. MR imaging of the hip abductors: normal anatomy
and commonly encountered pathology at the greater trochanter. Magn Reson Imaging Clin N Am
2005;13:691-704, vii.

Hodnett PA, Shelly MJ, MacMahon PJ, Kavanagh EC, Eustace SJ. MR imaging of overuse injuries of the
hip. Magn Reson Imaging Clin N Am 2009;17:667-79, vi.

Mellado JM, Bencardino JT. Morel-Lavallee lesion: review with emphasis on MR imaging. Magn Reson
Imaging Clin N Am 2005;13:775-82.

Nelson EN, Kassarjian A, Palmer WE. MR imaging of sports-related groin pain. Magn Reson Imaging Clin
N Am 2005;13:727-42.

Shabshin N, Rosenberg ZS, Cavalcanti CF. MR imaging of iliopsoas musculotendinous injuries. Magn
Reson Imaging Clin N Am 2005;13:705-16.

Zoga AC, Morrison WB. Technical considerations in MR imaging of the hip. Magn Reson Imaging Clin N
Am 2005;13:617-34, v.

Sutter R, Dietrich TJ, Zingg PO, Pfirrmann CW. Femoral antetorsion: comparing asymptomatic volunteers
and patients with femoroacetabular impingement. Radiology 2012;263:475-83.

Schmaranzer F, Kheterpal AB, Bredella MA. Best Practices: Hip Femoroacetabular Impingement. AJR Am
J Roentgenol 2021;216:585-98.

Sutter R, Dietrich TJ, Zingg PO, Pfirrmann CW. Assessment of Femoral Antetorsion With MRI:
Comparison of Oblique Measurements to Standard Transverse Measurements. AJR Am J Roentgenol
2015;205:130-5.

Cardinal E, Buckwalter KA, Capello WN, Duval N. US of the snapping iliopsoas tendon. Radiology
1996;198:521-2.

Choudur HN, FEllins ML. Ultrasound-guided gadolinium joint injections for magnetic resonance
arthrography. J Clin Ultrasound 2011;39:6-11.

Deslandes M, Guillin R, Cardinal E, Hobden R, Bureau NJ. The snapping iliopsoas tendon: new
mechanisms using dynamic sonography. AJR Am J Roentgenol 2008;190:576-81.

Migliore A, Granata M, Tormenta S, et al. Hip viscosupplementation under ultra-sound guidance riduces
NSAID consumption in symptomatic hip osteoarthritis patients in a long follow-up. Data from Italian
registry. Eur Rev Med Pharmacol Sci 2011;15:25-34.

Jacobsen S, Romer L, Soballe K. Degeneration in dysplastic hips. A computer tomography study. Skeletal
Radiol 2005;34:778-84.

Jacobsen S, Romer L, Soballe K. The other hip in unilateral hip dysplasia. Clin Orthop Relat Res
2006;446:239-46.

Lee CB, Millis MB. Patient selection for rotational pelvic osteotomy. Instr Course Lect 2013;62:265-77.
Hetsroni I, Larson CM, Dela Torre K, Zbeda RM, Magennis E, Kelly BT. Anterior inferior iliac spine
deformity as an extra-articular source for hip impingement: a series of 10 patients treated with arthroscopic
decompression. Arthroscopy 2012;28:1644-53.

Tannast M, Hanke M, Ecker TM, Murphy SB, Albers CE, Puls M. LCPD: reduced range of motion resulting
from extra- and intraarticular impingement. Clin Orthop Relat Res 2012;470:2431-40.

Clohisy JC, Carlisle JC, Beaule PE, et al. A systematic approach to the plain radiographic evaluation of the
young adult hip. J Bone Joint Surg Am 2008;90 Suppl 4:47-66.

Harris-Hayes M, Commean PK, Patterson JD, Clohisy JC, Hillen TJ. Bony abnormalities of the hip joint:
a new comprehensive, reliable and radiation-free measurement method using magnetic resonance imaging.
J Hip Preserv Surg 2014;1:62-70.

Kraeutler MJ, Chadayammuri V, Garabekyan T, Mei-Dan O. Femoral Version Abnormalities Significantly
Outweigh Effect of Cam Impingement on Hip Internal Rotation. J Bone Joint Surg Am 2018;100:205-10.
Kobayashi N, Inaba Y, Tezuka T, et al. Evaluation of local bone turnover in painful hip by 18F-fluoride
positron emission tomography. Nucl Med Commun 2016;37:399-405.

Oishi T, Kobayashi N, Choe H, et al. Posterior acetabular uptake on (18)F-fluoride positron emission
tomography/computed tomography reveals a putative contrecoup region in patients with femoroacetabular
impingement. J Orthop Surg (Hong Kong) 2019;27:2309499019868929.

Crespo Rodriguez AM, de Lucas Villarrubia JC, Pastrana Ledesma MA, Millan Santos I, Padron M.
Diagnosis of lesions of the acetabular labrum, of the labral-chondral transition zone, and of the cartilage in

ACR Appropriateness Criteria® 17 Chronic Hip Pain



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

femoroacetabular impingement: Correlation between direct magnetic resonance arthrography and hip
arthroscopy. Radiologia 2015;57:131-41.

Saied AM, Redant C, Anthonissen J, et al. Conventional versus direct magnetic resonance imaging in
detecting labral lesions in femoroacetabular impingment - a retrospective multicenter study. Acta Orthop
Belg 2019;85:100-06.

Tian CY, Wang JQ, Zheng ZZ, Ren AH. 3.0 T conventional hip MR and hip MR arthrography for the
acetabular labral tears confirmed by arthroscopy. Eur J Radiol 2014;83:1822-7.

Sutter R, Zubler V, Hoffmann A, et al. Hip MRI: how useful is intraarticular contrast material for evaluating
surgically proven lesions of the labrum and articular cartilage? AJR Am J Roentgenol 2014;202:160-9.
Smith TO, Hilton G, Toms AP, Donell ST, Hing CB. The diagnostic accuracy of acetabular labral tears
using magnetic resonance imaging and magnetic resonance arthrography: a meta-analysis. Eur Radiol
2011;21:863-74.

Ha YC, Choi JA, Lee YK, et al. The diagnostic value of direct CT arthrography using MDCT in the
evaluation of acetabular labral tear: with arthroscopic correlation. Skeletal Radiol 2013;42:681-8.

Mintz DN, Hooper T, Connell D, Buly R, Padgett DE, Potter HG. Magnetic resonance imaging of the hip:
detection of labral and chondral abnormalities using noncontrast imaging. Arthroscopy 2005;21:385-93.
Reurink G, Jansen SP, Bisselink JM, Vincken PW, Weir A, Moen MH. Reliability and validity of
diagnosing acetabular labral lesions with magnetic resonance arthrography. J Bone Joint Surg Am
2012;94:1643-8.

Zaragoza E, Lattanzio PJ, Beaule PE. Magnetic resonance imaging with gadolinium arthrography to assess
acetabular cartilage delamination. Hip Int 2009;19:18-23.

Vahlensieck M, Peterfy CG, Wischer T, et al. Indirect MR arthrography: optimization and clinical
applications. Radiology 1996;200:249-54.

Winalski CS, Aliabadi P, Wright RJ, Shortkroff S, Sledge CB, Weissman BN. Enhancement of joint fluid
with intravenously administered gadopentetate dimeglumine: technique, rationale, and implications.
Radiology 1993;187:179-85.

Zoga AC, Schweitzer ME. Indirect magnetic resonance arthrography: applications in sports imaging. Top
Magn Reson Imaging 2003;14:25-33.

Kim SD, Jessel R, Zurakowski D, Millis MB, Kim YJ. Anterior delayed gadolinium-enhanced MRI of
cartilage values predict joint failure after periacetabular osteotomy. Clin Orthop Relat Res 2012;470:3332-
41.

Rakhra KS, Lattanzio PJ, Cardenas-Blanco A, Cameron IG, Beaule PE. Can T1-rho MRI detect acetabular
cartilage degeneration in femoroacetabular impingement?: a pilot study. J Bone Joint Surg Br
2012;94:1187-92.

Bittersohl B, Hosalkar HS, Kim Y]J, et al. T1 assessment of hip joint cartilage following intra-articular
gadolinium injection: a pilot study. Magn Reson Med 2010;64:1200-7.

Pollard TC, McNally EG, Wilson DC, et al. Localized cartilage assessment with three-dimensional
dGEMRIC in asymptomatic hips with normal morphology and cam deformity. J Bone Joint Surg Am
2010;92:2557-69.

James SL, Ali K, Malara F, Young D, O'Donnell J, Connell DA. MRI findings of femoroacetabular
impingement. AJR Am J Roentgenol 2006;187:1412-9.

Mosher TJ. Musculoskeletal imaging at 3T: current techniques and future applications. Magn Reson
Imaging Clin N Am 2006;14:63-76.

Ramnath RR. 3T MR imaging of the musculoskeletal system (Part II): clinical applications. Magn Reson
Imaging Clin N Am 2006;14:41-62.

Yan K, Xi Y, Sasiponganan C, Zerr J, Wells JE, Chhabra A. Does 3DMR provide equivalent information
as 3DCT for the pre-operative evaluation of adult Hip pain conditions of femoroacetabular impingement
and Hip dysplasia? Br J Radiol 2018;91:20180474.

Breighner RE, Bogner EA, Lee SC, Koff MF, Potter HG. Evaluation of Osseous Morphology of the Hip
Using Zero Echo Time Magnetic Resonance Imaging. Am J Sports Med 2019;47:3460-68.

Lerch S, Kasperczyk A, Berndt T, Ruhmann O. Ultrasound is as reliable as plain radiographs in the
diagnosis of cam-type femoroacetabular impingement. Arch Orthop Trauma Surg 2016;136:1437-43.

Lee GY, Kim S, Baek SH, Jang EC, Ha YC. Accuracy of Magnetic Resonance Imaging and Computed
Tomography Arthrography in Diagnosing Acetabular Labral Tears and Chondral Lesions. Clin Orthop Surg
2019;11:21-27.

ACR Appropriateness Criteria® 18 Chronic Hip Pain



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Banks DB, Boden RA, Mehan R, Fehily MJ. Magnetic resonance arthrography for labral tears and chondral
wear in femoroacetabular impingement. Hip Int 2012;22:387-90.

Czerny C, Hofmann S, Urban M, et al. MR arthrography of the adult acetabular capsular-labral complex:
correlation with surgery and anatomy. AJR Am J Roentgenol 1999;173:345-9.

Neumann G, Mendicuti AD, Zou KH, et al. Prevalence of labral tears and cartilage loss in patients with
mechanical symptoms of the hip: evaluation using MR arthrography. Osteoarthritis Cartilage 2007;15:909-
17.

Petersilge CA. MR arthrography for evaluation of the acetabular labrum. Skeletal Radiol 2001;30:423-30.
Yoon LS, Palmer WE, Kassarjian A. Evaluation of radial-sequence imaging in detecting acetabular labral
tears at hip MR arthrography. Skeletal Radiol 2007;36:1029-33.

Ziegert AJ, Blankenbaker DG, De Smet AA, Keene JS, Shinki K, Fine JP. Comparison of standard hip MR
arthrographic imaging planes and sequences for detection of arthroscopically proven labral tear. AJR Am
J Roentgenol 2009;192:1397-400.

Kassarjian A, Yoon LS, Belzile E, Connolly SA, Millis MB, Palmer WE. Triad of MR arthrographic
findings in patients with cam-type femoroacetabular impingement. Radiology 2005;236:588-92.
Pfirrmann CW, Mengiardi B, Dora C, Kalberer F, Zanetti M, Hodler J. Cam and pincer femoroacetabular
impingement: characteristic MR arthrographic findings in 50 patients. Radiology 2006;240:778-85.
Petchprapa CN, Rybak LD, Dunham KS, Lattanzi R, Recht MP. Labral and cartilage abnormalities in young
patients with hip pain: accuracy of 3-Tesla indirect MR arthrography. Skeletal Radiol 2015;44:97-105.
Zlatkin MB, Pevsner D, Sanders TG, Hancock CR, Ceballos CE, Herrera MF. Acetabular labral tears and
cartilage lesions of the hip: indirect MR arthrographic correlation with arthroscopy--a preliminary study.
AJR Am J Roentgenol 2010;194:709-14.

Annabell L, Master V, Rhodes A, Moreira B, Coetzee C, Tran P. Hip pathology: the diagnostic accuracy
of magnetic resonance imaging. J Orthop Surg Res 2018;13:127.

Sundberg TP, Toomayan GA, Major NM. Evaluation of the acetabular labrum at 3.0-T MR imaging
compared with 1.5-T MR arthrography: preliminary experience. Radiology 2006;238:706-11.

Orellana C, Moreno M, Calvet J, Navarro N, Garcia-Manrique M, Gratacos J. Ultrasound Findings in
Patients With Femoracetabular Impingement Without Radiographic Osteoarthritis: A Pilot Study. J
Ultrasound Med 2019;38:895-901.

Troelsen A, Mechlenburg I, Gelineck J, Bolvig L, Jacobsen S, Soballe K. What is the role of clinical tests
and ultrasound in acetabular labral tear diagnostics? Acta Orthop 2009;80:314-8.

Gazaille RE, 3rd, Flynn MJ, Page W, 3rd, Finley S, van Holsbeeck M. Technical innovation: digital
tomosynthesis of the hip following intra-articular administration of contrast. Skeletal Radiol 2011;40:1467-
71.

Alvarez C, Chicheportiche V, Lequesne M, Vicaut E, Laredo JD. Contribution of helical computed
tomography to the evaluation of early hip osteoarthritis: a study in 18 patients. Joint Bone Spine
2005;72:578-84.

Nishii T, Tanaka H, Nakanishi K, Sugano N, Miki H, Yoshikawa H. Fat-suppressed 3D spoiled gradient-
echo MRI and MDCT arthrography of articular cartilage in patients with hip dysplasia. AJR Am J
Roentgenol 2005;185:379-85.

Nishii T, Tanaka H, Sugano N, Miki H, Takao M, Yoshikawa H. Disorders of acetabular labrum and
articular cartilage in hip dysplasia: evaluation using isotropic high-resolutional CT arthrography with
sequential radial reformation. Osteoarthritis Cartilage 2007;15:251-7.

Sahin M, Calisir C, Omeroglu H, Inan U, Mutlu F, Kaya T. Evaluation of Labral Pathology and Hip
Articular Cartilage in Patients with Femoroacetabular Impingement (FAI): Comparison of Multidetector
CT Arthrography and MR Arthrography. Pol J Radiol 2014;79:374-80.

Walter WR, Bearison C, Slover JD, Gold HT, Gyftopoulos S. Clinical and patient-reported outcomes after
image-guided intra-articular therapeutic hip injections for osteoarthritis-related hip pain: a retrospective
study. Skeletal Radiol 2019;48:713-19.

Nissi MJ, Mortazavi S, Hughes J, Morgan P, Ellermann J. T2* relaxation time of acetabular and femoral
cartilage with and without intraarticular gadopentetate dimeglumine in patients with femoroacetabular
impingement. AJR Am J Roentgenol 2015;204:W695-700.

Saied AM, Redant C, El-Batouty M, et al. Accuracy of magnetic resonance studies in the detection of
chondral and labral lesions in femoroacetabular impingement: systematic review and meta-analysis. BMC
Musculoskelet Disord 2017;18:83.

ACR Appropriateness Criteria® 19 Chronic Hip Pain



97.

98.

99.

100.

101.

Bulat E, Bixby SD, Siversson C, Kalish LA, Warfield SK, Kim YJ. Planar dGEMRIC Maps May Aid
Imaging Assessment of Cartilage Damage in Femoroacetabular Impingement. Clin Orthop Relat Res
2016;474:467-78.

Eagle S, Potter HG, Koff MF. Morphologic and quantitative magnetic resonance imaging of knee articular
cartilage for the assessment of post-traumatic osteoarthritis. J Orthop Res 2016.

Goldman AB, DiCarlo EF. Pigmented villonodular synovitis. Diagnosis and differential diagnosis. Radiol
Clin North Am 1988;26:1327-47.

Klompmaker J, Veth RP, Robinson PH, Molenaar WM, Nielsen HK. Pigmented villonodular synovitis.
Arch Orthop Trauma Surg 1990;109:205-10.

American College of Radiology. ACR Appropriateness Criteria® Radiation Dose Assessment Introduction.
Available at: https://www.acr.org/-/media/ ACR/Files/Appropriateness-
Criteria/RadiationDoseAssessmentIntro.pdf. Accessed September 30, 2022.

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.
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investigational by the FDA have not been considered in developing these criteria; however, study of new equipment and applications should be encouraged.
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