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Objectives—To assess the impact of musculoskeletal shoulder sonography (US) on
clinical decision making,

Methods— This Health Insurance Portability and Accountability Act—compliant ret-
rospective study received Institutional Review Board approval with a waiver of
informed consent. Consecutive musculoskeletal shoulder US examinations ordered
over a 12-month period were retrospectively reviewed. The medical records of each
patient were analyzed, recording immediate pre- and post-US treatment plans.
Treatment plans were categorized as follows: 1, no further treatment; 2, conserva-
tive management/physical therapy; 3, therapeutic injection; 4, surgical intervention;
S, change in diagnosis; and 6, need additional imaging. Data were analyzed by non-
parametric statistical methods.

Results—A total of 935 patient examinations met inclusion criteria. Of 93$
patients, S91 (63.2%) had a post-US treatment plan that differed from pre-US
treatment, showing a statistically significant impact on patient treatment
(P < .001). In 744 of the 935 examinations (79.6%), the treating physician ini-
tially prescribed conservative therapy as a treatment plan; 423 of those 744
patients (56.9%) were subsequently prescribed a more invasive form of treat-
ment. Of the remaining 191 of 93S patients (20.4%) initially treated with invasive
treatment, 101 (52.9%) received a change in the treatment plan after the US
examinations, with 46 patients (24.1%) relegated to noninvasive treatment.
Sonography also played a role in surgical planning, with 25 studies (2.7%) specifi-
cally performed to evaluate rotator cuff integrity when deciding between conven-
tional and reverse shoulder arthroplasty.

Conclusions—Musculoskeletal shoulder US has a substantial impact on clinical
decision making and patient treatment.
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senting symptom after knee and low back pain. Affecting 16%
to 26% of the population, shoulder pain is often recurrent and
can result in substantial disability." Because many common shoulder
disorders present similarly, clinical assessment is difficult.” On the
basis of the history and physical examination, including specific
orthopedic maneuvers, clinicians may be able to narrow the differen-
tial diagnosis for the presenting shoulder symptoms by following an
algorithmic approach.” Radiography, computed tomography, mag-
netic resonance imaging (MRI), and sonography (US) imaging are
validated imaging modalities that can be used to further narrow the
differential diagnosis and direct patient care.*
Rotator cuff disease is one of the most common causes of
shoulder pain.*® After initial radiographs, MRI has long been the

S houlder pain is the third most common musculoskeletal pre-
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primary diagnostic imaging modality used in the evalua-
tion of rotator cuff disorders. However, advances in US
technology have spurred a diagnostic shift,”® supported
by current literature’'* confirming the accuracy of mus-
culoskeletal US in the evaluation of partial-thickness
(sensitivity, 0.84; specificity, 0.89) and full-thickness
(sensitivity, 0.96; specificity, 0.93) rotator cuff tears.
Sonography has also been shown to have a good correla-
tion with MRI in the assessment of secondary rotator
cuff muscular atrophy.'>'® Validation of musculoskeletal
US as a diagnostic tool, development of affordable porta-
ble US equipment, and incentives to reduce health care
costs have led to increased use of musculoskeletal US in
the evaluation of suspected rotator cuff disease,”® by
both radiologists and other subspecialists.'” > Recogniz-
ing this trend, the Society of Radiologists in Ultrasound
recently issued a consensus statement of recommended
imaging algorithms for the evaluation of rotator cuff dis-
orders and acknowledged the widespread growth of
musculoskeletal US as a validated cost-effective diagnos-
tic imaging modality in patients with suspected rotator
cuff-induced shoulder pain.”' However, to the best of
our knowledge, there has been no investigation into the
actual diagnostic impact of musculoskeletal shoulder US
on the current orthopedic clinical evaluation.

The purpose of this study was to assess the impact
of musculoskeletal US of the shoulder on clinical deci-
sion making. Our hypothesis was that musculoskeletal
shoulder US currently plays a substantial role in daily cli-
nician decision making and patient treatment.

Materials and Methods

This Health Insurance Portability and Accountability
Act—compliant retrospective study received Institutional
Review Board approval. Informed consent was waived
by the review board secondary to the retrospective
nature of this analysis.

Study Population

The patient population was selected from the institu-
tion’s searchable radiology information system database
with Current Procedural Terminology Code 76881 applied.
Musculoskeletal shoulder US is performed as a complete
US examination at our institution. A total of 912 patients
with 1037 consecutive musculoskeletal shoulder US
examinations ordered by 15 different academic orthope-
dic surgery faculty at our institution over a 12-month
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period were retrospectively reviewed. Among these
patients, 125 had bilateral examinations, which were
managed independently and therefore scored as individ-
ual examinations; 102 examinations were excluded from
the study: 100 did not have pre- and post-US clinic
notes, and 2 were performed for contralateral compari-
sons. A total of 935 patient examinations had both pre-
and post-US clinical evaluations, meeting inclusion crite-
ria for the study.

Imaging

All US examinations were performed with a LOGIQ E9
scanner (GE Healthcare, Milwaukee, WI) using a 6-15-
MHz linear array transducer. Harmonic imaging was
applied in nearly all cases. Real-time scanning was per-
formed by 10 different academic radiologists (4-30 years
of experience), each specifically trained in musculoskel-
etal US, following a standard accepted protocol and
technique.””

Medical Record Review and Treatment Plan
Characterization

Three fellowship-trained musculoskeletal radiologists
(M.V.E, TJ.H, and J.LD.) with 4 to 8 years of experi-
ence independently analyzed the electronic medical
records and clinic notes of each patient, recording imme-
diate pre- and post-US diagnoses and treatment plans.
Treatment plans were assigned a number as follows: 1,
no further treatment; 2, conservative management/phys-
ical therapy (PT); 3, therapeutic injection; 4, surgical
intervention; S, change in diagnosis/nonshoulder etiol-
ogy; and 6, need additional imaging.

All pre-US initial treatment plans involved catego-
ries 2, 3, and 4. Because categories 2 and 3 were fre-
quently prescribed together, they were analyzed as a
distinct treatment plan when grouped accordingly. Cate-
gory 2 was considered noninvasive conservative manage-
ment. Categories 3 and 4 (including when categories 2
and 3 were prescribed together) were considered inva-
sive treatment.

Treatment plans were strictly categorized according
to a definitive statement of intent by the treating clini-
cian regarding treatment, documentation in the medical
record of a pharmacy or PT prescription, and a proce-
dure or surgical note that directly correlated with the
clinical encounter in question.
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Statistical Analysis

Data were analyzed for changes in clinical management
based on US results by nonparametric statistical meth-
ods. The significance of treatment plan invasiveness
alterations was assessed by a McNemar test performed
with MedCalc Statistics for Biomedical Research version
12.6.1.0 software (MedCalc Software, Mariakerke, Bel-
gium). P < .05 was considered significant.

Results

Of 935S total patient examinations, 591 (63.2%) had a
post-US treatment plan that differed from pre-US treat-
ment (Figure 1), showing a statistically significant
impact of shoulder US on the invasiveness of patient
treatment (P < .001; Table 1). The diagnosis was
changed to nonshoulder etiology in 23 patients (2.5%).
Twelve patients (1.3%) were referred for additional
imaging with MRI to evaluate for intra-articular
etiologies.

In 744 of the 935 patient examinations (79.6%), the
treating physician initially prescribed conservative ther-
apy as a management plan. After the musculoskeletal
shoulder US examinations were obtained for those 744
patients, the specific treatment plan was altered in 490
(65.9%) of those examinations (Table 2); 254 (34.1%)
of those patients had no change in treatment; and 42

Table 1. Change in Treatment Plan Invasiveness After the US
Examination

Post-US Plan
Pre-US Plan Noninvasive (-) Invasive (+)
Noninvasive (-) 321 423
Invasive (+) 145 46

Figure 1. Pre— and post—shoulder US treatment plans.

B

Surgery

235

68
PT + Injection
192

@
3

Injection

=

Conservative/PT

No Treatment

)
.O
FS
&

100 200 300 400 500 600 700 800

mPreUSplan  mPost US plan

J Ultrasound Med 2017; 36:1365-1371

(5.7%) of those patients who were initially treated con-
servatively received no further treatment. Categories 2
and 3 (PT/injection), 3 (injection), and 4 (surgery)
were viewed as incremental increases in treatment plan
invasiveness from category 2 (conservative/PT). On the
basis of this assumption, 423 of 744 patients (56.9%)
were subsequently prescribed a more invasive form of
treatment (272 patients, therapeutic injection; 151
patients, surgery).

For the remaining 191 of 935 examinations
(20.4%), the patients initially underwent invasive treat-
ment; 137 patients were treated with therapeutic injec-
tion, and 54 were scheduled for surgery before
undergoing a US examination. Of those 191 patients,
101 (52.9%) received a change in the treatment plan
after the US examination, with 46 patients (24.1%) rele-
gated to noninvasive treatment (Table 2). Clinical man-
agement was altered in 39 patients (20.4%) from
nonsurgical to surgical treatment. Nine of the 54
patients (16.7%) originally scheduled for surgery were
downgraded to nonsurgical treatment after the US
examination.

Sonography also played a role in surgical planning,
with 25 of the 935 studies (2.7%) specifically performed
to evaluate rotator cuff integrity and muscle atrophy
when deciding between conventional and reverse

shoulder arthroplasty.
Discussion

Propelled by technological advancements, low-cost capi-
tal investment, and emphasis on cost-conscious medical
care, there has been remarkable growth in the use of
musculoskeletal shoulder US in recent years.” Dynamic,
real-time US imaging has been shown to be effective in
the evaluation of both rotator cuff and non-rotator cuff
shoulder disorders.”>** The diagnostic accuracy of mus-
culoskeletal shoulder US and comparativeness with MRI
in the evaluation of rotator cuff disease has been vali-
dated”"''**' The impact of musculoskeletal US has
been examined in the setting of rheumatic disease.”>*
However, to our knowledge, there has been no investiga-
tion into the actual diagnostic impact of musculoskeletal
shoulder US on the current orthopedic clinical evalua-
tion. Impact studies are important for investigating the
clinical relevance of a particular diagnostic test. Although
it is accepted that musculoskeletal shoulder US provides
valid diagnostic information, how those data influence a
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clinician’s diagnostic algorithm and ultimately their ther-
apeutic decisions should be assessed. The results of this
study document the considerable impact of musculoskel-
etal shoulder US on clinical decision making. In review
of consecutive US examinations performed over a 12-
month period at a large academic center, musculoskel-
etal shoulder US had a significant impact on the inva-
siveness of patient treatment, with 63.2% (591 of 935)
of examinations resulting in a change from pre-US-
prescribed treatment.

In nearly four-fifths (79.6% [744 of 935]) of the
examinations performed, patients were initially treated
conservatively with a combination of rest, ice, PT and
nonsteroidal medication. This approach to patient treat-
ment is supported by recent studies showing rotator
cuff-related symptom relief with noninvasive treat-
ment.”’° However, after the diagnostic shoulder US
examination was performed, 56.9% (423 of 744) of
those patients were restratified to a more invasive treat-
ment plan including an injection or surgery. This finding
supports our hypothesis that clinicians are increasingly
accepting and reliant on musculoskeletal shoulder US as
an imaging modality in the evaluation of suspected rota-
tor cuff disease, opting to withhold invasive treatment
until a diagnosis is confirmed.

In the remaining 20.4% (191 of 935) of examina-
tions, the ordering clinician opted for invasive treatment
before the US examination, including therapeutic injec-
tions and scheduled surgery. In both of these clinical set-
tings, musculoskeletal shoulder US also resulted in a
substantial impact, as 52.9% (101 of 191) of patient
examinations had a change in the treatment plan
after the US examination was performed. Forty-six of
those patients with initial invasive treatment plans were
downgraded to noninvasive treatment after the US
examination.

In the current medical environment, rotator cuff
surgery is rarely performed without diagnostic imaging,

Table 2. Pre- and Post-US Diagnostic Plans for Patients

The history and physical examination by experienced
providers can result in a confident diagnosis, allowing
for preemptive surgical scheduling.” However, diagnostic
imaging affects presurgical planning and patient expecta-
tions regarding the complexity of the repair, secondary
interventions that may be required, anticipated func-
tional outcomes, and whether surgical intervention is
even necessary.”’ >~ A recent study evaluated the cost-
effectiveness of preoperative imaging and found that
although preoperative costs are substantial, they repre-
sent a fraction of the total cost of surgical treatment.>
Furthermore, it was suggested that other diagnostic
modalities should be used, reserving MRI for patients
with inconclusive results.*® In our study, 5.8% (54 of
935) of patients were scheduled for surgery at the initial
clinical visit before undergoing a US examination. Of
those 54 patients, 45 (83.3%) proceeded to surgical
interventions. The remaining 9 patients (16.7%)
canceled surgery on the basis of the US results and
pursued revised less-invasive treatment plans: no treat-
ment (1 patient), PT (4 patients), therapeutic injection
(2 patients), and referral for cervical radiculopathy (2
patients). Conversely, 20.3% (190 of 935) of the total
patient examinations were changed from nonsurgical to
surgical treatment after the US examination.

Finally, the use of musculoskeletal shoulder US in
the setting of preoperative arthroplasty planning was
an interesting, if not unexpected, finding of this study.
Conventional total shoulder arthroplasty relies on a
functioning rotator cuff to recreate anatomic stability
and function. Several studies have shown unsatisfactory
outcomes, with asymmetric liner wear and early failure
of conventional arthroplasty placement in the setting of
massive cuff tears or rotator cuff arthropathy.’>*"
These findings led to the development of reverse total
shoulder arthroplasty, providing semiconstrained sta-
bility in the setting of rotator cuff dysfunction and
prompting surgeons to evaluate rotator cuff integrity

Post-US Plan
Pre-US No Conservative/ PT + Change in Additional
Plan (935) Treatment PT Injection Injection Surgery Diagnosis Imaging
Conservative/PT (744) 42 254 101 171 151 18 7
Injection (69) 4 9 27 3 21 2 3
PT + injection (68) 1 17 1 18 18 2 1
Surgery (54) 1 4 2 0 45 1 1
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before prosthetic placement. In addition to cuff tears,
rotator cuff muscle fatty (chronic) atrophy is an impor-
tant prognostic factor in functional rotator cuff repair
outcomes. Specifically, the likelihood of recurrent fail-
ure after repair is greater in patients who have preoper-
ative chronic muscle atrophy of greater than grade 1
according to the scale of Goutallier et al.*> Magnetic
resonance imaging is commonly considered the refer-
ence standard for evaluating chronic muscle atrophy;
however, recent studies have shown a good correlation
between US and MRI in the evaluation of rotator cuff
muscle fatty infiltration.'>** In our study, 2.7% (25 of
935) of musculoskeletal shoulder US examinations
were ordered preoperatively to specifically assess rota-
tor cuff integrity and chronic muscle atrophy to aid the
surgeon in deciding between conventional and reverse

ball-in-socket shoulder arthroplasty (Figure 2).

There were several limitations to our study. First,
because no assumptions about treatment intent were
made during the chart review, our treatment plan analy-
sis was limited by the quality of the physicians’ docu-
mentation. This potential limitation could be addressed
in a prospective trial including participating treating clini-
cians as well as evaluating clinician confidence in pre-
and post-US diagnosis. Second, this study used the treat-
ment algorithms of 15 different orthopedic faculty at our
institution. This approach offers insight into a broad
spectrum of ordering physicians’ patterns within an aca-
demic department; however, some physicians use mus-
culoskeletal US more readily than others, and the results
may have been influenced by their specific ordering and
treatment methods. Last, extended patient follow-up
was not evaluated for clinically recurrent symptoms or
treatment responses.

Figure 2. Images from a 60-year-old man with end-stage shoulder pain. A US examination was performed to evaluate rotator cuff tendon and
muscle integrity in deciding between traditional and reverse ball-in-socket arthroplasties. A, Shoulder radiograph showing prior rotator cuff repair
with moderate glenohumeral osteoarthritis. B, Sonograms showing asymmetric atrophy and increased echogenicity involving the right supraspi-
natus muscle (SS; arrow), consistent with moderate chronic fatty infiltration. The repair was intact (not shown). C, Sonograms showing severe
chronic fatty atrophy of the right infraspinatus (IS; arrow). D, Shoulder radiograph showing interval reverse ball-in-socket arthroplasty placement,

chosen by the surgeon secondary to chronic cuff fatty atrophy.

J Ultrasound Med 2017; 36:1365-1371

PORTABLE

1369



Friedman et al—Impact of Shoulder Sonography on Clinical Decision Making

In conclusion, musculoskeletal shoulder US is an

established validated diagnostic imaging modality for the
evaluation of clinically suspected rotator cuft disorders. In
concordance with recent increased use, this study finds that
musculoskeletal shoulder US has a substantial impact on
patient treatment and the decision making of clinicians.
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