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ORIGINAL ARTICLE

Reducing Unnecessary Shoulder MRI Examinations
Within a Capitated Health Care System: A Potential
Role for Shoulder Ultrasound

Scott E. Sheehan, MD, MS", John A. Coburn, MD?, Hardeep Singh, MD, MPH", David J. Vanness, PhD’,

Dean F. Sittig, PhD", D. Paul Moberg, PhD", Nasia Safidar, MD, PhD", Kenneth S. Lee, MD",
Michael C. Brunner, MD”

Abstract

Purpose: MRI is frequently overused. The aim of this study was to analyze shoulder MRI ordering practices within a capitated health
care system and explore the potential effects of shoulder ultrasound substitution.

Methods: We reviewed medical records of 237 consecutive shoulder MRI examinations performed in 2013 at a Department of
Veterans Affairs tertiary care hospital. Using advanced imaging guidelines, we assessed ordering appropriateness of shoulder MRI and
estimated the proportion of examinations for which musculoskeletal ultrasound could have been an acceptable substitute, had it been
available. We then reviewed MRI findings and assessed if ultrasound with preceding radiograph would have been adequate for diagnosis,
based on literature reports of shoulder ultrasound diagnostic performance.

Results: Of the 237 examinations reviewed, 106 (45%) were deemed to be inappropriately ordered, most commonly because of an
absent preceding radiograph (n = 98; 92%). Nonorthopedic providers had a higher frequency of inappropriate ordering (44%) relative
to orthopedic specialists (17%) (P = .016; odds ratio = 3.15, 95% confidence interval = 1.24-8.01). In the 237 examinations, ul-
trasound could have been the indicated advanced imaging modality for 157 (66%), and most of these (133/157; 85%) could have had
all relevant pathologies characterized when combined with radiographs. Regardless of indicated modality, ultrasound could have
characterized 80% of all cases ordered by nonorthopedic providers and 50% of cases ordered by orthopedic specialists (2 = .007).

Conclusions: Advanced shoulder imaging is often not ordered according to published appropriateness criteria. While nonorthopedic
provider orders were more likely to be inappropriate, inappropriateness persisted among orthopedic providers. A combined ultrasound

and radiograph evaluation strategy could accurately characterize shoulder pathologies for most cases.
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INTRODUCTION

Overutilization of medical imaging increases costs of health
care delivery and often poses unnecessary risks to patients
without improving clinical outcomes [1]. Initiatives such

as the Choosing Wisely campaign of the American Board
of Internal Medicine Foundation provide goals for
reducing overutilization of high-cost and/or low-value im-
aging examinations [2]. Medical imaging constitutes a
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significant expense within the US Department of Veterans
Affairs (VA): $2.23 billion was spent on VA medical
imaging during fiscal year 2013, with $19,427,720 of
that for upper extremity joint MRI examinations. In
capitated systems such as the VA, unnecessary medical
imaging poses resource burdens that could limit veterans’
access to timely care.

Guidelines the ACR Appropriateness
Criteria® and the Society of Radiologists in Ultrasound

consensus conference statement provide well-defined

such as

criteria for selection of the most appropriate advanced
imaging modality (AIM) for shoulder evaluation [3-5].
These guidelines are designed to eliminate low-clinical-
yield examinations and substitute less costly and poten-
tially safer examinations such as ultrasound (US) for
MRI. Studies have demonstrated efficacy of various
clinical findings and physical examination maneuvers for
diagnosing shoulder pathologies. However, differences in
performance and interpretation of these examinations by
clinicians who are not orthopedic specialists limit their
udlity in the primary care setting [6-8]. Ambiguous
clinical diagnoses and the relatively high prevalence of
asymptomatic pathologies—up to 40% in some cases
[9] —suggest that guideline adherence is essential for
appropriate imaging utilization, especially to determine
surgical versus nonsurgical treatment [8].

Radiographs are most often the initial examination of
choice per established guidelines [3,4]. To evaluate the
most common sources of shoulder pain in adults, US
and MRI often demonstrate similar efficacy as next
injury,
including the rotator cuff and long head biceps tendon.

steps for diagnosing shoulder soft tissue
This suggests that US could be a more cost-effective
initial AIM [10-16]. MRI uncommonly alters clinical
care beyond diagnostic US, with studies showing a 5%
MRI follow-up rate primarily to exclude intra-articular
pathology [17].

Thus, our objective was to retrospectively apply
appropriateness criteria for shoulder imaging examina-
tions to assess adherence to imaging guidelines, and
explore the potential role for diagnostic shoulder US as a
complementary and cost-effective alternative to MRI.

METHODS

Data Collection
After institutional review board approval, a literature re-
view was performed to standardize the lexicon, grading,

and adequate imaging to characterize shoulder pathol-
ogies (Table 1). We then obtained data on all shoulder

MRI examinations performed at the study site during
the 2013 calendar year. The ordering provider, order
indications, timing of the order and examination
execution dates, and findings listed in the radiology
report were recorded. We also reviewed electronic
health records (EHR) for patient demographics, relevant
clinical notes describing symptoms, injury chronicity,
physical examination findings, and treatment history.

Each shoulder MRI examination and corresponding
radiograph, if available, were also retrospectively evalu-
ated independently by a single, fellowship-trained
musculoskeletal radiologist with six years of experience,
and all relevant findings were categorized and then
recorded as a binary dependent variable (“absent” or
“present”). Potential discrepancies between the retro-
spective interpretation and the original radiology report
were resolved via consensus with an MRI-specialist radi-
ologist with 25 years of musculoskeletal imaging
experience.

Study Outcomes
Each MRI examination order was initially evaluated for
ordering appropriateness per established guidelines. We
determined if requisite imaging recommendations had
been followed and if clinical criteria warranted advanced
imaging consideration. Examinations were deemed
inappropriate if: (1) a preceding radiograph was not ob-
tained prior to MRI ordering for patients with shoulder
trauma, or for nontraumatic shoulder pain in patients
over 40 years of age [3,4]; (2) radiographs and MRI
orders were placed concurrently, as this would preclude
the use of radiograph findings to inform decision
making when ordering MRI; (3)

established the suspected diagnosis without interval

prior imaging
worsening of symptoms or reinjury (eg, suspected
rotator cuff tear was diagnosed on prior imaging); (4)
the suspected diagnosis could be established via clinical
examination and radiograph (eg, suspected osteoarthritis
or adhesive capsulitis); (5) the examination ordered
would likely prove inadequate to address the indication
(eg, unenhanced MRI for suspected tumor or infection).

We then analyzed the clinical indications and radio-
graphic findings to determine the most appropriate initial
AIM. Because shoulder US was not available at the study
site during the study year, all patients referred for
advanced imaging underwent MRI. A consolidated
version of the Society of Radiologists in Ultrasound
consensus conference statement and ACR Appropriate-
ness Criteria guidelines were retrospectively applied to
determine if US or MRI would have been the indicated
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Table 1. Types of imaging data with corresponding diagnostic imaging modalities adequate for diagnosis, and associated

shoulder pathology prevalence within the study population

Adequate Diagnostic # (%) Injuries in

MRI Findings Radiograph Findings Modalities* Study Population’
Rotator cuff
Tendinosis Irregular greater tuberosity Us, MRI [18,19] 183 (77.2)
Calcific tendinosis Calcific tendinosis Radiograph, US, MRI [20] 18 (7.6)
Partial tear US, MRI [11-14,19] 156 (65.8)
Full-thickness tear High riding humeral head US, MRI [11-14,19] 97 (40.9)
Muscle atrophy/fatty infiltration US, MRI [21] 90 (38.0)
Long head biceps tendon
Tendinosis/tenosynovitis Arthroscopy (US = MRI) [15,22] 100 (42.2)
Partial tear Arthroscopy (US = MRI) [15, 22] 72 (30.4)
Rupture US, MRI [10,15] 19 (8)
Dislocation Us, MRI [10] 39 (16.5)
Glenohumeral joint
Moderate/severe cartilage degeneration Severe cartilage Clinical examination and 46 (19.4)
degeneration radiograph [23,24]
Focal cartilage lesion MRI [25] 14 (5.9)
Synovitis US, MRI [26] 41(17.3)
Capsule/labrum
Adhesive capsulitis Clinical examination 15 (6.3)
(dx of exclusion) [27]
SLAP tear MRA, MRI [28] 23 (9.7)
Bankart variant or destabilizing Osseous Bankart or MRA, MRI [28] 22 (9.3)
glenoid/labral injury Hill-Sachs lesion
Acromioclavicular joint
Osteolysis Osteolysis Radiograph [29] 4(1.7)
Os acromiale Os acromiale Radiograph, CT, MRI [30] 9 (3.8)
Moderate/severe degeneration Severe degeneration Radiograph, MRI [5,31] 78 (32.9)
Separation Separation Radiograph, MRI [32] 2(0.8)
Other
Bursitis US, MRI [33] N4 (48.)
Fracture Fracture Radiograph, MRI [34] 3(1.3)
Tumor Tumor MRI [35] 2(0.8)
Osteomyelitis/abscess Osteomyelitis MRI [36] 0 (0)
Septic arthritis Effusion, osseous destruction US, MRI [4] 0 (0

Note: MRA = magnetic resonance angiography; SLAP = superior labrum anterior to posterior; US = ultrasound.
*Adequate diagnostic imaging modalities were determined via literature review.
Hinjury numbers for each category are independent (ie, multiple pathologies can coexist within a single patient).

initial AIM, had US been available (Fig. 1). The assigned
AIM was subsequently correlated with the MRI findings
to estimate the incidence of incompletely characterized
injuries, based on published efficacy of radiographs, US,
and MRI for these same pathologies within the
literature (Table 1).

Data Analysis

We calculated statistics for provider ordering patterns by
categories including orthopedic specialists (physician
[MD], nurse practitioner [NP], and physician assistant
[PA]), nonorthopedic medical specialty providers (MD,

NP, PA), emergency medicine providers (MD), and
primary care providers (MD, NP, PA) to determine
relative rates of inappropriate examination ordering and
estimated adequacy of ultrasound substitution. Because at
our center all trainees order imaging under direct
attending physician supervision, trainee orders were
attributed to the attending physician. Significance testing
was performed with the generalized estimating equation
and the %” and Kruskal-Wallis tests using STATA version
14.0 (Statacorp LP), controlling for clustering of orders
on a per-provider basis, with a P value of .05 deemed
significant.
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Fig 1. Advanced imaging modality (AIM) assignment algorithm. AIM assignment is driven by the imaging indication and clinical
history, combined with the radiograph findings, if applicable. Note: OA = osteoarthritis; AC = acromioclavicular.

RESULTS

A total of 237 shoulder MRI examinations were per-
formed at the study site during 2013, constituting
approximately 8% (237/3075) of all MRI examina-
tions. Most subjects were male (n = 217; 92%) and
mean age was 56 years (median 60 years, mode 66
years). MRI examinations were performed on average
30 days after the order was placed (median 26 days,
mode 42 days).

On review, 106 shoulder MRI examinations (45%)
were determined to be ordered inappropriately. Ninety-
eight of these (92%) were deemed inappropriate
because of the absence of a preceding radiograph
(Table 2); 83 of them (83/98; 85%) were instead
obtained during the same imaging appointment. There
was significantly higher frequency of inappropriate
ordering among nonorthopedic providers relative to
orthopedic specialists for any reason (P = .016; odds
ratio [OR] = 3.15, 95% confidence interval [CI] =
1.24-8.01), notably, failing to obtain a preceding
radiograph in 44% and 17% of cases, respectively.
Among primary care providers, no significant difference
was seen in ordering appropriateness between physicians
and nonphysician providers (P = .353).

Retrospective review of subjects’ shoulder MRI
studies demonstrated rotator cuff tearing and/or atrophy
in 167 (70%) and of long head biceps tendon tearing
and/or dislocation in 98 (41%). MRI-identified pathol-
ogies in the study population are listed in Table 1.

Based on ordering indications and clinical histories
correlated with radiograph findings and guidelines, US
would be the indicated initial AIM in 66% of cases, MRI
would be indicated in 21% of cases, and no AIM would
be indicated in 13% of cases (Table 3). There was no
difference between specialties (P = .515), or between
physician and nonphysician primary care provider
ordering (P = .467), as to whether or not advanced
imaging was indicated. However, orthopedic provider
orders were more likely to have MRI deemed the
indicated AIM relative to nonorthopedic providers (P =
.014; OR = 2.11, 95% CI = 1.16-3.81).

The estimated adequacy of US to diagnose all of the
abnormal MRI findings per subject differed significantly
based on the retrospectively assigned AIM for all spe-
cialties. Ultrasound could be expected to adequately di-
agnose 85% of case pathologies when US itself was the
indicated AIM, 77% when no AIM was indicated, but
only 53% when MRI was the indicated AIM (P < .001)
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Table 2. Inappropriate imaging ordering by provider specialty

All Emergency Primary Medical Ceneral

Specialties Orthopedics Medicine Care  Rheumatology Specialists Neurology Surgery
# Providers 79 ll 6 51 7 2 1 1
# MRI orders 237 24 10 180 19 2 1 1
# (%) Inappropriate*
— For any reason 106 (45) 521 5 (50) 83 (46) S (47) 2 (100) 1(100) 1(100)
— NPR 88 (41) 4(17) 5 (50) 78 (43) 8 (42) 2 (100) 1(100) 0 (0
— KNOWN 12 (5) 218 0 (0) 10 (6) 0@ 0@ 0@ 0@
— CLIN/RAD DX 7(3) 0@ 0 (0) 503) 20m 0@ 0@ 0@
— WRONGEXAM 6(3) 1(04) 0 (0 3(2) 0@ 1(50) 0@ 1(100)

Note: CLIN/RAD DX = imaging ordered to make a diagnosis that is best made with clinical examination and/or radiographs; KNOWN = known
pathology previously diagnosed without intervening injury; NPR = no prior radiograph; WRONGEXAM = imaging examination ordered is

inappropriate to make the requested diagnosis.

*A total of 17 of 237 orders were deemed inappropriate for two reasons, and thus summed values for each inappropriateness reason may exceed

the specialty totals.

(Table 3). Regardless of AIM assignment, US and
radiograph could be expected to adequately diagnose all
pathologies in 80% of cases from nonorthopedic
providers but only 50% of orthopedic cases (P = .007;
OR = 3.75, 95% CI = 1.44-9.75). For cases where
MRI was the assigned AIM, US was deemed adequate
for only 13% of orthopedic cases but 61% of
nonorthopedic cases (P = .011; OR = 7.9, 95% CI =
1.62-38.69).

When US and radiograph were deemed inadequate,
the potentially US-occult destabilizing glenoid labral in-
juries (6/31) and tumors (1/31) were found on exami-
nations ordered by nonorthopedic providers. Superior
labrum anterior to posterior tears (17 of 31 cases)
comprised the most common reason for US inadequacy.
Concomitant rotator cuff tears were present in 77% of
cases where US was deemed inadequate, calling to ques-
tion the source of the patient’s symptoms.

We also assessed the financial impact of unnecessary
imaging by using relative value units published by CMS

for shoulder US and MRI in 2013, and made modifica-
tions with internal VA cost multipliers for diagnostic
services. This resulted in estimated costs of a shoulder
MRI ranging from $474.06 to $764.23, depending on
the use of contrast material. Similarly estimating upper
extremity US at $152.45 resulted in a conservative dif-
ferential of $321.59 per substituted examination.
Assuming 5% of substituted US examinations would
require MRI follow-up imaging, we conservatively esti-
mate that providing shoulder US with an appropriate
preceding radiograph could have supplanted or elimi-
nated up to 178 (75%) of shoulder MRI examinations
where either US or no AIM were indicated, with annual
savings of $57,243 and an approximately 6% (178/3075)
reduction in associated MRI scheduling delays at our
facility.

A total of 79 providers representing 7 specialties or-
dered an average of 3.0 patient MRI examinations per
year (median = 2, min = 1, max = 18). There was no
difference in median number of orders per provider across

Table 3. Estimated adequacy of ultrasound in characterizing MRI imaging findings by advanced imaging modality assignment

and ordering specialty

All Emergency Primary Medical General
Specialties Orthopedics  Medicine Care Rheumatology Specialists Neurology Surgery
MRI indicated 49 8 0 37 2 1 0 1
US adequate 26 1 24 0 1 0
% Adequate 53.06% 12.5% 64.86% 0.00% 100.00% 0.00%
US indicated 157 13 9 121 13 1 0 0
US adequate 133 9 7 105 12 0
% Adequate 84.71% 69.23% 77.78% 86.78% 92.31% 0%
Neither indicated 31 3 1 22 4 0 1 0
US adequate 24 2 1 16 4 1
% Adequate 77.42% 66.67% 100.00% 72.73% 100.00% 100.00%
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specialty groups (P = .152), though subgroup analysis
demonstrated a significantdy higher number of studies
3.53,
median = 2) than non-primary care providers (mean =
2.04, median =1) (P = .01). There was no difference in
median number of studies ordered between physician and

ordered by primary care providers (mean =

nonphysician providers across specialties (P = .192) or
within primary care (P = .713).

DISCUSSION

On retrospective evaluation, we found that advanced
shoulder imaging is often not ordered according to
published appropriateness criteria. Within the study year,
nonorthopedic providers ordered more than 90% of
shoulder MRI orders, with 75% attributable to primary
care. Nonorthopedic providers also demonstrated more
inappropriate ordering, usually for absent preceding
radiograph (nearly 45% of cases), similar to prior studies
[37,38]. Our data suggest that efforts to improve ordering
practices targeting both primary care and other
nonorthopedic providers would yield the highest returns
toward ordering appropriateness, though orthopedic
providers would also benefit from such interventions.
Even though ultrasound was not available to our
providers, our imaging algorithm offers a strong meth-
odology for selection of AIM. Prior studies have shown
that orthopedic specialty providers tend to order shoulder
imaging more appropriately than nonspecialists [37], with
considerable potential cost savings of ultrasound
substitution for MRI [39]. However, prior studies
evaluating US substitution adequacy only designated a
“primary” diagnosis for evaluation without confirming
that it was responsible for the patient’s symptoms. As

often coexist, any proposed

should

performance of competing modalities to assess a//

multiple pathologies

imaging modality substitution assess  the
potential pathologies to better identify the relevant
symptom generator. Rotator cuff and biceps tendon
injuries were the most common pathologies within our
study population, with 72% of patients found to have
tearing of one or more of these structures, though these
injuries rarely existed in isolation. Given the high
prevalence of pathologies such as rotator cuff tears in
the asymptomatic population [9], clinically identifying
the most likely etiology of the patient’s symptoms is
critical to guiding imaging and treatment decisions.
Prior studies disadvantaging shoulder US against MRI
fail to account for the information provided by the
indicated preceding radiograph or utilize US imaging

algorithms to inform the choice of AIM, with resultant
low estimated adequacy of US substitution at 38%
[39]. By udilizing all relevant clinical information and
radiograph findings to assign the AIM, we estimate that
US could diagnose all relevant pathologies for nearly
85% of patients when indicated. In cases where US was
deemed inadequate, previous studies have shown that
only approximately 5% of patients may require follow-
up MRI after US, and only 10% of these had intra-
articular pathology that altered the treatment approach
[17].

US would have been less adequate for diagnosis in
examinations ordered by orthopedic providers, possibly
reflecting more complex pathologies referred for ortho-
pedic evaluation, or suggesting that orthopedic specialists
apply more rigorous internal clinical criteria for AIM
appropriateness than is evident in retrospective EHR re-
view. Orthopedic specialists may make diagnoses with
clinical and radiographic examination more confidently,
obviating advanced imaging for all but the most complex
or clinically ambiguous cases. Our data suggest that ef-
forts to facilitate US substitution would be best targeted
toward nonorthopedic providers.

Clinical decision support (CDS) can decrease imaging
overutilization when implemented as part of a comput-
erized physician order entry (CPOE) system [40-43].
Such

examination appropriateness by providing study-specific

systems can improve communication and
templates for examination ordering, ensuring that the
most relevant clinical questions have been addressed
before consideration of advanced imaging [44]. These
tools can also be targeted toward specific providers or
clinical settings where overutilization is more prevalent,
and can be designed to minimize their obtrusiveness to
[45-47].

inappropriate ordering may include patient preference

ordering  providers Potential ~ causes of
for advanced imaging, logistics of consolidating clinical
and imaging appointments, or ingrained practice
patterns favoring advanced imaging in pursuit of
diagnoses [48,49]. Significant rates of inappropriate
imaging can persist within capitated systems despite the
lack of specific financial incentives, with most instances
of inappropriateness in other studies similarly attributed
to a select provider subset [50]. However, CDS within
CPOE

appropriateness of MRI utilization among primary care

systems has been shown to improve
providers, by providing real-time instruction on imag-
ing guidelines at the time of order entry [40,51]. Similar
results with CDS/CPOE systems were reported among

emergency medicine providers, with one recent study
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showing decreased imaging volume and concomitant
increased yield of CT angiography for exclusion of
pulmonary emboli [52]. Our data suggest that CDS
targeted toward nonorthopedic providers should prompt
them to both order a preceding radiograph and provide
the most relevant clinical findings, affording the most
appropriate AIM selection. Our most common MRI
indication was “nonspecific pain, weakness” (51%),
without additional relevant clinical history provided.
Capturing more relevant patient history through CPOE
both

communication of critical clinical findings.

could improve imaging appropriateness and

The potential cost savings of substituting musculo-
skeletal US for MRI are substantial [37,39]. Our
estimated cost differential of $321.59 per substituted
examination is similar to values reported in the
literature [39]. This differential would be reduced if the
reported 5% rate of follow-up MRI after US were real-
ized [17]. Though it is unclear that VA patients would
require similar rates of repeat imaging, decreased MRI
resource utilization should decrease waiting times for
indicated MRI examinations.

Study limitations include the use of retrospective re-
view and imaging analysis to determine outcomes.
Despite the rigorous EHR review, important clinical
context may have been lost in determining ordering
appropriateness, potentially affecting our estimates of the
value of US. Some of the patients for whom no prior
radiograph was available may have undergone imaging at
another institution, although EHR review showed no
evidence of radiograph review by clinicians. Regardless,
future prospective studies might elucidate MRI ordering
once US is available and highlight why there are differ-
ences in ordering appropriateness between provider spe-
cialties. Finally, because shoulder US is not yet widely
offered at our center, an accurate assessment of cost
savings or impact of increase in ultrasound imaging uti-
lization is not currently feasible.

In summary, 45% of shoulder MRI examinations in
our study did not meet ordering appropriateness criteria.
Inappropriate ordering was more common among pri-
mary care and other nonorthopedic provider—originated
examinations, although both orthopedic and non-
orthopedic providers could benefit from interventions to
modify ordering practices. The combination of ultra-
sound and radiograph substitution for MRI could provide
accurate shoulder pathology characterization for a high
percentage of cases originated by nonorthopedic pro-
viders, with highest diagnostic performance demonstrated
when specifically indicated by imaging guidelines. We

conservatively estimate that if musculoskeletal ultrasound
had been available within our center in 2013, we could
have saved $57,243, with an associated 6% reduction in
scheduling delays for all MRI examinations. These annual
savings should be magnified if musculoskeletal ultrasound
were similarly instituted at additional VA health care
facilities.

TAKE-HOME POINTS

Approximately 45% of shoulder MRI examinations
are ordered inappropriately based on established
criteria, most commonly due to the absence of a
preceding radiograph.

While inappropriate ordering was more common
among nonorthopedic providers, both orthopedic
and nonorthopedic providers could benefit from
interventions to modify ordering practices to
improve appropriateness.

Based on clinical and radiograph criteria, ultrasound
would be indicated as a cost-effective substitution
for 66% of MRI orders, and the combination of US
and radiograph could accurately diagnose approxi-
mately 85% of all shoulder pathologies present in
those cases.

Adequacy of ultrasound for diagnosis was highest
among primary care and other nonorthopedic
provider—originated examinations, so that in-
terventions to modify ordering practices to incor-
porate shoulder ultrasound should target these
provider groups.
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