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Clinical Condition: Chronic Wrist Pain
Variant 1: With or without prior injury. Best initial study.
Radiologic Procedure Rating Comments RRL*
X-ray wrist 9 &
MRI wrist with or without contrast 1 0
CT wrist without contrast 1 &
US wrist 1 0]
Tc-99m bone scan wrist 1 OB
*Relative

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

Radiation Level

Variant 2: Routine radiographs normal or nondiagnostic. Persistent symptoms. Next study.
Radiologic Procedure Rating Comments RRL*
Most of the time, imaging is not required.
MRI wrist without contrast 9 If imaging is to be performed, this is the @]
study of choice.
CT wrist without contrast 1 @
US wrist 1 0]
Tc-99m bone scan wrist 1 O
Biopsy/aspiration wrist 1 NS
*Relative

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

Radiation Level

Variant 3: Routine radiographs normal or nondiagnostic. Suspect arthritis. Next study.
Radiologic Procedure Rating Comments RRL*
Most of the time, imaging is not required.
If imaging is to be performed, this is the
MRI wrist with contrast 9 study of choice. See statement regarding @]
contrast in text under “Anticipated
Exceptions.”
US wrist 5 Dependent on expertise. O
CT wrist without contrast 3 &
Tc-99m bone scan wrist 1 TN
Biopsy/aspiration wrist 1 NS
*Relative

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

Radiation Level
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Clinical Condition: Chronic Wrist Pain

Variant 4: Nonspecific arthritis on radiographs. Exclude infection. Next study.
Radiologic Procedure Rating Comments RRL*

Aspiration wrist 9 NS

MRI wrist with or without contrast 1 0

CT wrist with contrast 1 &

US wrist 1 0]

Tc-99m bone scan wrist 1 DS
*Relative

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

Radiation Level

Variant 5: Pain on ulnar side, suspect triangular fibrocartilage or lunotriquetral ligament tear.
Radiographs normal. Next study.
Radiologic Procedure Rating Comments RRL*

Either MR arthrogram or routine MRI is
appropriate. Depends on availability and

MR arthrography wrist 9 institutional preference. See statement @]
regarding contrast in text under
“Anticipated Exceptions.”
Either MR arthrogram or routine MRI is

MRI wrist without contrast 9 appropriate. Depends on availability and @)
institutional preference.

. If MRI is not available or is
CT arthrography wrist 8 contraindicated. &
i . CT or MR arthrography may add osseous

X-ray arthrography wrist 7 or soft-tissue detail. &

US wrist 3 Dependent on expertise. 0

Biopsy/aspiration wrist 1 NS

CT wrist without contrast 1 &

Tc-99m bone scan wrist 1 TN

*Relative

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

Radiation Level
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Clinical Condition: Chronic Wrist Pain

Variant 6: Radiographs show positive ulnar variance and irregularity in proximal lunate
articular surface. Next study.
Radiologic Procedure Rating Comments RRL*

Either MR arthrogram or routine MRI is

MRI wrist without contrast 8 appropriate. Depends on availability and @)
institutional preference.
Either MR arthrogram or routine MRI is

MR arthrography wrist 8 appropriate. Depends on availability and O
institutional preference.

US wrist 3 Dependent on expertise. ]

X-ray arthrography wrist 2 &

CT wrist without contrast 2 &

Tc-99m bone scan wrist 2 TN

Biopsy/aspiration wrist 2 NS

*Relative

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

Radiation Level

Variant 7: Radiographs normal or equivocal. Suspect Kienbdck's disease. Next study.
Radiologic Procedure Rating Comments RRL*
MRI wrist without contrast 9 O
CT wrist without contrast 5 @
Tc-99m bone scan wrist 2 O
US wrist 1 0]
Biopsy/aspiration wrist 1 NS
*Relative

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

Radiation Level

Variant 8: Kienbdck’s disease on radiographs. Next study.
Radiologic Procedure Rating Comments RRL*
CT wrist without contrast 5 Only if ne_eded to assess degree of collapse @
and associated fractures.

MRI wrist without contrast 1 0]

US wrist 1 ]

Tc-99m bone scan wrist 1 DD

Biopsy/aspiration wrist 1 NS
*Relative

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

Radiation Level
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Clinical Condition:

Chronic Wrist Pain

Variant 9: Pain for more than 3 weeks. Suspect occult fracture. Radiographs nondiagnostic.
Next study.
Radiologic Procedure Rating Comments RRL*
MRI wrist without contrast 9 0]
CT wrist without contrast 7 If hook of ha}mate is suspected, CT is @
study of choice.
Additional views (carpal tunnel or
X-ray wrist 2 semipronational oblique) may be of value &
if not obtained at time of original study.
US wrist 1 0]
Tc-99m bone scan wrist 1 TN
Biopsy/aspiration wrist 1 NS
*Relative

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

Radiation Level

Variant 10: Suspect carpal tunnel syndrome.

Radiologic Procedure Rating Comments RRL*
X-ray wrist 9 As a baseline evaluation. &
MRI wrist without contrast 2 If mass is suspected or symptoms recur 0

post surgery.
US wrist 2 0]
CT wrist without contrast 1 &
Tc-99m bone scan wrist 1 O
Biopsy/aspiration wrist 1 NS
X-ray arthrography wrist 1 &
*Relative

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

Radiation Level
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CHRONIC WRIST PAIN

Expert Panel on Musculoskeletal Imaging:
Judy S. Blebea, MD*; Kristen E. Lott, MD? Richard H.
Daffner, MD?; Barbara N. Weissman, MD*; Erin Arnold,
MD?>; Laura Bancroft, MD®%; D. Lee Bennett, MD, MA’;
lan Blair Fries, MD®; Jon A. Jacobson, MD?; William B.
Morrison, MD*; William K. Payne IlI, MD, MPH;
Charles S. Resnik, MD'; Catherine C. Roberts, MD"?;
Mark E. Schweitzer, MD"; Leanne L. Seeger, MD™;
Mihra S. Taljanovic, MD*®; James N. Wise, MD.*’

Summary of Literature Review

The role of imaging in chronic wrist pain has received
much attention but remains controversial. There is
considerable disagreement about which imaging study, if
any, should be performed in a given situation. If one
compares the radiologic literature to the orthopedic
literature, the controversy becomes apparent.

Radiography

Most physicians agree that imaging evaluation of the
painful wrist should begin with radiographs [1]. This
simple, relatively inexpensive study may establish a
specific diagnosis in patients with arthritis, complications
of injury, infection, some bone or soft-tissue tumors, and
impaction syndromes, and occasionally in patients with
wrist instability. Magnetic resonance imaging (MRI), on
the other hand, detects bone marrow edema and
chondromalacia at an earlier stage [2]. The standard
radiographic examination consists of posterior-anterior
(PA) and lateral views, and often an oblique view as well
[2,3]. The lateral view is important for demonstrating
malalignment indicative of instability, and soft-tissue
changes such as abnormalities of the pronator quadratus
fat stripe [4]. If the patient is suspected of having wrist
instability, other views are often added to this routine [5].
A variety of dynamic views can be performed to elicit
subtle instability not seen on static views [6], although
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radiography only gives indirect information about
ligamentous integrity [4]. Accurate measurements of
ulnar variance are only possible by radiography [7]. The
clenched-fist stress view of both wrists has been shown to
aid in the diagnosis of scapholunate dissociation [8].
Specific suspected problems may require additional views
(eg, PA in ulnar deviation) to look for a scaphoid fracture.

Fluoroscopy or video imaging has been used to establish
the diagnosis of dynamic wrist instability, and it has been
suggested that it is a cost-effective method of making this
diagnosis [9]. However, at the present time, fluoroscopy
is rapidly becoming a lost art and is primarily used for
injection localization with arthrography.

Scintigraphy
Bone scintigraphy has been used for diagnosing occult
wrist fractures and also as a screening procedure in
patients with wrist pain and negative radiographs.
However, while sensitive, scintigraphy suffers from a lack
of specificity.

Arthrography

Wrist arthrography with a radiocarpal injection was
commonly used in diagnosing tears of the triangular
fibrocartilage (TFCC) and interosseous ligaments [10].
Some authors have replaced the standard radiocarpal wrist
arthrogram with a three-injection technique, with
injections into the radiocarpal, midcarpal, and distal
radioulnar joints [11]. Others have advocated bilateral
tricompartmental ~ arthrography  because  bilateral
intercarpal communications are not uncommon [12].

Magnetic Resonance Imaging

MRI has been advocated for patients with chronic wrist
pain because it provides a global examination of both the
osseous and soft-tissue structures [13]. It may be
diagnostic in patients with TFCC and interosseous
ligament tears, occult fractures, avascular necrosis
(AVN), and miscellaneous other abnormalities [7,14-16].
It is also recommended for evaluating tendon pathology,
including tendinopathy, tenosynovitis, and rupture [2,17].
Currently, preoperative MRI is recommended by some
authors to direct appropriate operative intervention or
nonoperative treatment [18]. Contrast-enhanced and
dynamic MRI have been suggested in specific situations
such as detecting erosions and their progression in
rheumatoid arthritis [19,20].

Some investigators have used MR arthrography, both
direct and indirect, to detect ligamentous abnormalities of
the wrist [21,22]. Haims and Schweitzer [23] found that
indirect MR arthrography was more sensitive than
conventional MRI in  detecting  scapholunate
abnormalities but did not improve sensitivity in detecting
TFCC or lunatotriquetral tears. While high accuracy has
been reported for the MRI detection of central and radial-
sided tears of the TFCC, conventional MRI is less
accurate for peripheral tears [5,16]. Ruegger et al [24]
found that MR arthrography of the distal radioulnar joint
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was accurate in depicting peripheral tears of the TFCC.
MR arthrography has been specifically recommended in
ulnar-sided wrist pain because of the complex anatomy at
this site [22,25]. Note that differentiation should be made
between the intrinsic and extrinsic ligaments of the wrist,
as optimal imaging and treatment strategies may differ for
visualization of these two subsets on MRI [4,22].

For scapholunate ligament tears, direct MR arthrography
is superior to both MRI and conventional arthrography,
especially for subtle injuries [22]. MR arthrography may
permit exact localization of tears and inform about
adjacent structures, including cartilage and ligaments
[2,18]. MR arthrography, with its inherently high soft-
tissue contrast, also enables detection of indirect signs of
injury chronicity [21]. Direct MR arthrography is
recommended for clinically relevant, suspected tears of
the peripheral ulnar attachments of the TFCC because of
its improved accuracy compared to conventional MRI
[16].

The combination of MRI and MR arthrography may
increase diagnostic accuracy as well [26]. Zanetti et al
[27] felt that MR arthrography increased the diagnostic
performance of the noncontrast examination.

One paper showed that immediate MRI for patients with
possible occult wrist fractures with a modified screening
protocol was nearly equivalent in cost to follow-up with
delayed imaging [28]. This included the cost of
orthopedic consultation and casting as well as additional
follow-up with radiographs and orthopedic clinic visit(s).
The loss of productivity resulting from casts and splints
was excluded from the cost analysis. Differentiation
between acute and chronic fracture, by the degree of
enhancement and other MRI findings, is somewhat less
reliable. MRI is highly recommended for occult scaphoid
fractures [16].

Herneth et al [29] performed radiography, high-resolution
ultrasound (US), and MRI on 15 consecutive patients with
suspected scaphoid fractures. Of nine fractures, five were
positive on radiograph, seven were positive on US and all
nine were present on MRI.

MRI is helpful in diagnosing ulnar-sided pain caused by
impaction syndromes [7,22]. It can differentiate between
the impaction syndromes and also detect other causes of
ulnar-sided pain, including occult fractures and TFCC
tears. MRI and MR arthrography are considered superior
to radiography for diagnosing early impaction syndromes,
as radiography detects findings of impingement or
impaction only after bony changes have occurred [7].

Other authors used computed tomography (CT)
postarthrography for diagnosing ligament injuries of the
wrist and claimed that it increased precision without
affecting the sensitivity or specificity of the diagnosis
[30]. Potential advantages of CT arthrography include the
ability to image claustrophobic patients and obtain a more
detailed evaluation of cortical bone [31]. One group
routinely combines multidetector CT arthrography and
MR arthrography in one synergistic and cost-effective
procedure [31]. When comparing the two techniques,

Schmid et al [32] found that interobserver agreement was
increased with CT arthrography and that CT arthrography
was superior to MR arthrography for dorsal segment
tears, with more equivalent performance for central and
palmar tears.

Carpal tunnel syndrome is usually diagnosed by signs and
symptoms and the results of electrodiagnostic studies
[33]. MRI may be helpful in the evaluation of mass
lesions in the carpal tunnel and for recurrent carpal tunnel
symptoms postoperatively [34]. The findings obtained
with MRI of the carpal tunnel have also been reported to
predict surgical benefit independent of nerve conduction
studies, and patients prefer MRI over electrodiagnostic
studies [35]. Radiographs of the wrist may be obtained in
the setting of suspected carpal tunnel syndrome as a
baseline evaluation.

Newly developed, higher-field-strength magnets (3.0
Tesla) offer additional benefits, including increased
signal-to-noise ratio (SNR), enhanced T2* contrast,
increased chemical shift resolution, and better overall
diagnostic  performance, which is crucial for
musculoskeletal applications, especially for the imaging
of small joints, the median and ulnar nerves, and
radiocarpal and intercarpal cartilage [26]. Another study
demonstrated that 3.0 T imaging yields images with better
SNR and contrast-to-noise ratio (CNR) than 15 T
imaging in a reasonable acquisition time and with few
artifacts [36]. Many speculate that 3.0 T imaging will
overcome some of the shortcomings of MR arthrography
at lower field strengths as well, especially for diagnosis of
subtle TFCC lesions [24]; however, it has not been
conclusively shown that MRI at higher field strength will
improve diagnostic accuracy in detecting wrist
abnormalities as compared to MRl at 1.5 T.

Ultrasound

US has been used to evaluate wrist ganglia [2,37,38],
tenosynovitis, tendon rupture, and undiagnosed pain and
swelling [39-41]. Occult or small wrist ganglia are
equally well evaluated with US and MRI [16]. Recently,
additional roles for US have been described, including
measurements of TFCC thickness, detection of TFCC,
detection of scapholunate and lunotriquetral tears, and the
diagnosis of carpal tunnel syndrome [39,42-44]. When
US is combined with radiography and stress views,
instability may be diagnosed [39]. As it is readily
available, noninvasive, and relatively inexpensive, it is
likely to be increasingly used for high-resolution
evaluation of superficial structures [39,45], and more
work is needed to assess the applications of this technique
and address issues of operator dependence [45]. US
guidance has also been used for intra-articular injections
and interventional procedures of the wrist [46-48]. Future
directions may include sonographic arthrography for
better delineation of the radial aspect of the wrist [39].

Computed Tomography

CT can be used, particularly in the follow-up of complex
fractures or distal radioulnar subluxations. Serial CT
imaging may be performed for assessing the degree of
healing of wrist fractures [49]. Advantages of CT in wrist
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imaging include its widespread availability, rapidity, and
relatively lower cost [22]. CT is also useful for evaluating
extent of subluxation at the distal radioulnar joint [2].
Multidetector CT arthrography has been reported to be
useful in the diagnosis of tears of the interosseous
ligaments and triangular fibrocartilage complex while also
demonstrating cartilage and bone abnormalities [50].

Arthroscopy

Many articles, particularly in the orthopedic literature,
dispute the value of imaging in the diagnosis of
ligamentous tears, because the authors believe that
arthroscopy is more accurate and that treatment can be
performed along with the diagnostic portions of the
procedure [51-53]. Traditionally, open surgery or
arthroscopy has been considered the gold standard, but
arthroscopy cannot be used to evaluate the extrinsic
ligaments [4,21]. Arthroscopy is also a more expensive
and invasive technique [18]. As always, clinical history,
patient age, and exact site of pain are essential for
narrowing the differential diagnoses, specifically with
regard to traumatic versus degenerative lesions [22]. In
one study, a new technique, virtual MR arthroscopy,
revealed the TFCC in 12 of 19 patients, showing promise
in TFCC evaluation from an intra-articular perspective
[54]. To our knowledge, no outcome or cost analysis
studies have been performed regarding the results of the
various imaging options.

Aspiration/Biopsy

Ganglion cysts may be treated by surgical excision or
aspiration followed by corticosteroid injection, which can
be performed under US guidance. Percutaneous biopsy
has been shown to be safe and accurate for diagnosing

musculoskeletal lesions [55]. US or CT may be used for
guiding percutaneous biopsy.

Summary

e Evaluation of the chronically painful wrist should
begin with radiographs.

e Conventional wrist arthrography can be used to
diagnose communicating ligament tears, but it does
not provide a global examination of the wrist.

e MRI is recommended to evaluate the osseous and
soft-tissue structures of the wrist. Direct MR
arthrography is superior to MRI and conventional
arthrography in diagnosing scapholunate ligament
tears and peripheral tears of the triangular
fibrocartilage.

e MRI is highly recommended for diagnosing occult
fractures. CT is recommended for evaluating
complex fractures and their follow-up as well as for
distal radioulnar joint subluxation.

e US can be used to evaluate wrist ganglia,
tenosynovitis, and tendon rupture, but its role in the
evaluation of ligamentous tears remains to be
determined.

Anticipated Exceptions

Nephrogenic systemic fibrosis (NSF) is a disorder with a
scleroderma-like presentation and a spectrum of

manifestations that can range from limited clinical
sequelae to fatality. It appears to be related to both
underlying  severe renal dysfunction and the
administration of gadolinium-based contrast agents. It has
occurred primarily in patients on dialysis, rarely in
patients with very limited glomerular filtration rate (GFR)
(ie, <30 mL/min/1.73m?), and almost never in other
patients. There is growing literature regarding NSF.
Although some controversy and lack of clarity remain,
there is a consensus that it is advisable to avoid all
gadolinium-based contrast agents in dialysis-dependent
patients unless the possible benefits clearly outweigh the
risk, and to limit the type and amount in patients with
estimated GFR rates <30 mL/min/1.73m°. For more
information, please see the ACR Manual on Contrast
Media [56].

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 Adult Effective Pediatric
Radiation Dose Estimate Effective Dose
Level* Range Estimate Range

(0] 0 mSv 0 mSv
@ <0.1 mSv <0.03 mSv
@S 0.1-1 mSv 0.03-0.3 mSv

RN 1-10 mSv 0.3-3 mSv

DD 10-30 mSv 3-10 mSv

OO 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 NS (not
specified).
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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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