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Abstract
Introduction: Ultrasonography and magnetic resonance imaging (MRI) are used to
evaluate shoulder disorders. This implementation study investigated outpatient ultrasonography at an orthopedic practice in a managed care setting.
Methods: A portable ultrasound machine was introduced at an orthopedic clinic in a
group practice. An orthopedic surgeon who primarily treated shoulder disorders received 15
hours of training. The impact of physician-performed ultrasonography on subsequent MRI
and other outcomes of patients with shoulder disorders from January 2011 through October
2011 was determined using automated administrative and clinical data. Comparisons were
made to patients who did not undergo ultrasonography at the experimental practice and 2
orthopedic clinics in the same practice.
Results: During the study, 146 ultrasound examinations were administered. Compared
with patients who did not undergo ultrasonography, patients who received ultrasonography
had significantly higher comorbidity. However, they were significantly less likely to have
MRI (9.7% with ultrasonography vs 14.4% without; p = 0.03) although equally likely to
undergo surgery (33.6% with ultrasonography vs 22.1% without, p = 0.77). Mean time
to surgery was 89.3 ± 49.3 days for patients with ultrasonography vs 32.9 ± 43.3 days
for patients without (p < 0.05). No ultrasonography-examined patients had an incorrect
diagnosis at surgery. For patients receiving ultrasonography, an estimated 35 MRIs were
avoided, saving a predicted $17,603, a 50% return in less than 1 year on a $34,897
investment for an ultrasound machine and supplies.
Conclusion: Outpatient ultrasonography by an orthopedic surgeon can be useful for
diagnosing shoulder disorders and might reduce MRI utilization.

Introduction
The US spends more per capita on health
care than other developed nations, and
overuse of high-end imaging is a factor in
these higher costs. The Organization for Economic Cooperation and Development, which
tracks health care use and outcomes among
34 industrialized nations, found that in the
US, per capita rates of magnetic resonance
imaging (MRI) use rose 9.4% during 2003 to
2007.1 In 2007, more than 80 million tests
were performed at a cost of more than $120
billion. Data from the Commonwealth Fund
suggest that at least 15% of high-end imaging
tests are considered unnecessary,2 suggesting that a large number of patients undergo
expensive and time-consuming tests that
do not necessarily contribute to outcomes.
As a diagnostic tool for specific presentations of pathology of the upper arm

and shoulder, ultrasonography can be as
sensitive and specific as more expensive,
invasive, and time-consuming technologies
such as MRI. Ultrasonography is superior to
MRI for some presentations such as rotator
cuff injuries, because it is faster and less
expensive, yet it results in similar clinical
outcomes.3-10 Advantages of ultrasonography
include the ability to visualize both shoulders
with a dynamic, low-cost examination. Ultrasonography is the modality of choice after
total joint replacement because it avoids artifacts that can severely inhibit visualization of
the rotator cuff tendon. Ultrasonography is
also helpful for claustrophobic patients and
for patients in the immediate postoperative
period whose healing tissue can be difficult
to differentiate on MRI.3,8
In addition to being faster and less
expensive at the point of service, ultra-

sonography might reduce downstream
health care costs by eliminating the need
for a dedicated radiology visit and a
follow-up visit with the surgeon to discuss
MRI results and plan a course of treatment. Ultrasonography can also increase
patient satisfaction. In a study that examined perceptions and satisfaction with
MRI and ultrasonography of 118 patients
with shoulder pain who underwent both
procedures, patients reported less pain
with ultrasonography.8 Only 2 patients
thought the ultrasonography took too
much time compared with 28 who had
that perception of MRI. All patients were
willing to repeat the ultrasonography, but
only 10 were willing to repeat MRI. Most
patients with shoulder pain preferred ultrasonography to MRI, with 93 preferring
ultrasonography, 8 preferring MRI, and 17
stating no preference.8
With proper training, surgeons and clinical staff can introduce ultrasonography
into initial consultations with patients for
diagnosis of shoulder pathology. Jeyam
et al11 found that surgeons are capable of
diagnosing rotator cuff tears using ultrasonography in outpatient settings. Iannotti
and colleagues12 found that a well-trained
office staff and an experienced orthopedic surgeon can effectively use ultrasonography in conjunction with clinical
examination and a review of shoulder
radiographs to accurately diagnose the
extent of rotator cuff tears. Moosmayer
and Smith13 found that surgeons quickly
become adept at performing ultrasonography, despite previous assertions that
long experience was required to ensure
diagnostic accuracy.
This descriptive study investigated the
implementation of a portable ultrasound
machine in the practice of a single, boardcertified orthopedic surgeon with a sports
subspecialty certification (the “experimental
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practice”). The goal was to determine the
feasibility of outpatient ultrasonography
for diagnosis of rotator cuff disorders. We
compared patients who received ultrasonography at the experimental practice to
patients who did not receive ultrasonography at the experimental practice and at two
comparable orthopedic practices that did not
have portable ultrasound machines. Patients
were not randomly assigned to a treatment
but received ultrasonography as appropriate
during normal care. We analyzed automated
data to evaluate patient characteristics, subsequent use of MRI, likelihood of surgical
outcome, and speed with which surgical
patients completed care. We postulated that
ultrasonography would reduce costs measured as subsequent MRI, whose institutional
costs include the time of a radiologist, a
technologist, and the orthopedic surgeon for
correlation of the findings. Although direct
application of ultrasonography does not
replace the need for MRI, we investigated
whether it could be added to the practice
of an orthopedic surgeon in an effort to
reduce institutional and patient costs while
maintaining a high quality of care.
Materials and Methods
Introduction of
Ultrasonography and Training
Ultrasonography as a diagnostic tool for
shoulder and upper arm pathologies, primarily rotator cuff pathologies, was evaluated in a single experimental orthopedic
office that is part of Group Health Cooperative (Group Health), which provides health
care and preventive care on a prepaid
basis to more than 630,000 individuals.
In Fall 2010, an orthopedic surgeon was
trained over 3 months to use a portable
ultrasound machine. Training was 15 hours
over 1 month to establish technique and
correlate anatomy using 20 healthy volunteers, guided by 4 hours of consulting
from a certified musculoskeletal ultrasonographer. This period was also used to
assess examination room logistics. The
following 2 months were used to define
pathology using patients with preexisting
imaging data. Approximately 60 patients
with known pathology, documented by
other imaging techniques, were scanned
preoperatively to correlate technique and
findings. The ultrasonographer returned for
a 2-hour session before the study interval
started, to ensure correct technique.
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Patients and Data
The enrollment interval for this study
was January 1, 2011, to October 31, 2011.
Included in comparisons were patients
from the clinics of two other orthopedic
surgeons with similar backgrounds as
the surgeon and staff at the experimental practice and who worked under the
same policies and workflow of the same
health care system but without physicianperformed ultrasonography. Only patients
with surgical consultations for diagnoses
relevant to shoulder and arm pathology
were included in final analyses. Patients
treated in the practice that administered
ultrasonography gave informed consent
before each procedure. All patients were
given the option of obtaining an MRI in
lieu of ultrasonography when clinically appropriate. The study was reviewed by the
Group Health institutional review board
and was deemed a quality-improvement/
quality-assurance project and not research
under the federal definition.
For the experimental practice, two sets
of encounters were identified: one for
patients who presented with shoulder
and arm pathology who received ultrasonography and one for patients presenting
with similar diagnoses who did not receive
ultrasonography. Patients receiving similar
diagnoses were identified at the comparator practices. The pathways for this convenience sample of patients presenting with
shoulder or arm pathology are depicted
in Figure 1.10 Patient characteristics and
diagnoses are shown in Table 1.
Information on health services use
among individuals included in our analysis
was from Group Health automated clinical and administrative records. Through
an electronic health record, Group Health
information systems capture all services
provided by physicians who practice in
the integrated group practice. A unique
procedure code was established for tracking physician-performed ultrasonography
in the electronic health record.
Outcome Metrics
Evaluated outcomes were patient demographics, including body mass index
(BMI); use of ultrasonography and MRI;
primary care, orthopedic clinic, and physical
therapy visits; surgery; and time to surgery.
To determine subsequent services received,
we examined MRIs performed and all likely

surgical events in the 180 days following the
end of the study period through December
31, 2011. Surgical events were identified by
examining patient records for either surgical codes or anesthesia codes that were
occasionally present despite the absence
of a specific surgical code. The resource
utilization band measure of the Adjusted
Clinical Group classification system was
used to determine statistically significant
baseline differences in patient mix. This
method groups diagnoses received by
individuals in the previous year into 1 of 6
hierarchical classes that indicate likelihood
of greater future health service use, with 0
reflecting lowest and 5 reflecting the highest expected health care use based on an
individual’s comorbidity profile.14-21
Diagnoses related to shoulder pathology
were validated by individual chart review
of all patients in the experimental practice
during the study period who proceeded to
surgery specifically for rotator cuff disorder,
identified by surgical code.
For statistical analyses, continuous variables were analyzed by t test, and discrete
variables were tested by χ2 test.
Results
Patient Characteristics
Table 1 provides a descriptive summary
of patients who did and did not receive
ultrasonography during their initial consultation with an orthopedic surgeon at
the experimental practice or the 2 comparator practices. Compared with patients
not receiving ultrasonography, patients
receiving ultrasonography were as likely

Figure 1. Pathways for patients presenting with shoulder
or arm pathology.
MRI = magnetic resonance imaging.
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to be women but were older and had a
higher comorbidity index as measured by
the resource utilization band scale. Patients
receiving ultrasonography were significantly
more likely to have a diagnosis of shoulder
arthropathy (International Classification of
Diseases, Ninth Revision [ICD-9] code 719)
or rotator cuff injury (code 726). Rotator
cuff injury is a presentation for which ultrasonography is a superior diagnostic tool,4-7
and the surgeon at the experimental practice
specializes in shoulder and arm pathology.
Patient Outcomes
Overall, patients who received ultrasonography were 55% less likely to have an
MRI and 37% more likely to proceed to
surgery without further imaging than patients who did not receive ultrasonography
at either the comparator or experimental
practices. Patients who were seen at the
experimental practice but did not receive
ultrasonography were 58% less likely to

have surgery than patients at the clinic
who received ultrasonography. Compared
with patients who did not undergo ultrasonography, patients who received ultrasonography were significantly less likely to
have shoulder MRI regardless of whether
they eventually had surgery. Patients who
received ultrasonography were 34% more
likely to have surgery than patients who
did not receive ultrasonography. These
findings suggested that ultrasonography
was used for the proper indication and in
a way that decreased the need for subsequent diagnostic work.
To validate diagnoses of people who received ultrasonography and then proceeded
to surgery, the experimental surgeon pulled
cases by surgical code. This method identified 41 patients in the experimental practice
who proceeded to rotator cuff surgery on
the basis of ultrasonography diagnosis
alone. These patients were classified into
4 categories: 1) correct diagnosis; 2) cor-

rect diagnosis but missed glenohumeral
pathology (which ultrasonography is poor
at recognizing); 3) incorrect diagnosis; or 4)
correct diagnosis but inaccurate assessment
(eg, partial rotator cuff tear that was actually a full tear, or a small tear that was larger
than predicted with ultrasonography). Of
the 41 patients who proceeded to rotator
cuff surgery based on ultrasonography
diagnosis alone, 31 patients (76%) had a
correct diagnosis, including degree of pathology; 3 (7%) had the correct diagnosis
with missed intra-articular pathology (all
but 1 case was glenohumeral chondral pathology); and 7 (17%) correctly progressed
to surgery, although with underestimated
pathology. All patients in the latter category
received a diagnosis of partial-thickness
rotator cuff pathology and at the time
of surgery had either a higher degree of
partial thickness change or a small, fullthickness component. No patients during
the study period were found to require

Table 1. Characteristics and outcomes of ultrasonography-examined and no-ultrasonography patients
Characteristic or outcome
Total participants
Women, %
Age in years, mean (SD)
BMI, mean (SD)
Comorbidity index, % resource utilization band
Low
Mid-range
High
Diagnoses at index visit, ICD-9 code, %
715 Osteoarthritis
718 Dislocation of joint of shoulder region
719 Shoulder pain
726 Injury to rotator cuff
727 Calcium deposits in tendon and bursa
812 Fracture of greater tuberosity of humerus
831 Closed dislocation of shoulder
840 Sprains and strains of shoulder and upper arm
959 Other and unspecified injury to shoulder and upper arm
Mean (SD) Orthopedic Department clinical visits in study interval
Mean (SD) primary care visits in study interval
Mean (SD) Physical Therapy Department clinical visits in study interval
Orthopedic physician-performed shoulder ultrasonography
Shoulder MRI, %
Shoulder surgery, %
Mean (SD) days to MRI after initial Orthopedic Department evaluation
Mean (SD) days to surgery after initial Orthopedic Department evaluation

Ultrasonography
143
51.4
62.4 (12.1)
27.1 (6.5)

No ultrasonography
830
45.1
55.3 (16.6)
27.6 (6.5)

13.1
55.5
34.5

13.5
67.8
18.7

8.8b
2.0
8.1
46.6
27.0
0
2.1
1.4
3.4
3.2 ( 2.3)
4.6 (3.3)
5.2 (4.1)
146b
9.7
33.6
17.5 (39.4)
89.3 (49.3)

9.5
6.5
35.5
23.1
5.8
1.4
1.1
5.3
11.2
2.7 (2.1)
3.8 (3.2)
4.6 (3.6)
0
14.4
22.1
80.0 (45.7)
32.9 (43.3)

p valuea
NS
NS
NS

< 0.05

< 0.05

NS
NS
NS
NA
0.028
NS
< 0.05
< 0.05

p < 0.05 criterion for statistical significance.
Discrepancies in numbers are because full utilization records were not always available for all patients.
BMI = body mass index; ICD-9 = International Classification of Diseases, Ninth Revision; MRI = magnetic resonance imaging; NA = not available; NS = not significant;
SD = standard deviation.
a
b
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surgery following the initial assessment for
which no surgery was indicated.
Of the 33 patients who underwent
surgery on the basis of MRI diagnosis, 22
patients (67%) had the correct diagnosis, 3
patients (9%) had the correct diagnosis but
missed glenohumeral pathology, 1 patient
(3%) had an incorrect diagnosis, and 7
patients (21%) had the correct diagnosis
with underestimated tear size/pathology.
Table 1 reports the mean time from the
initial consultation to a subsequent surgical procedure for patients who eventually
had surgery. These data suggested that
patients who had ultrasonography during
their initial consultation did not progress
to surgery faster than patients in the
comparator practices. Of note, except for
a single patient who underwent surgery
at 16 days, the subgroup of patients who
received ultrasonography who were classified as correctly progressing to surgery
with underestimated pathology underwent
surgery at an average of 112 days, more
than twice the average of the other groups.
The counterintuitive result of longer
times to surgical procedures for patients
who had ultrasonography led to an
examination of whether this trend was
constant over the course of the 10-month
evaluation. We estimated time to surgery
following the initial consultation for the
comparator practices and the experimental practice. The mean days to surgery
following initial consultation fell from
nearly 100 in January to under 40 days
in October for the experimental practice,
whereas the wait times in the comparator
practices fell from approximately 75 to 40
days. These results are probably based on
2 factors: surgeons typically start the year
with a backlog of cases, and the surgeon
at the experimental practice had recently
joined the group practice and thus started
the evaluation period with a larger patient
set than at the other practices. Thus, the
overall mean times to surgery among the
patients who experienced ultrasonography probably do not reflect a steady state.
Discussion
Our implementation study demonstrated
the clinical and economic value of use
of a portable ultrasound machine in an
orthopedic practice. Analysis of automated
data and surgeon review of patient records
confirmed that the use of ultrasonography
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provided valid, sensitive, and specific diagnosis of shoulder pathology when used
for patients who presented with symptoms
appropriate to rotator cuff disorders.
The use of ultrasonography in lieu of
MRI for specific shoulder and arm pathology is expected to reduce costs subsequent
to the initial consultation. The ultrasound
machine, operating supplies, and maintenance contracts cost $34,897. Using a
national, weighted, Centers for Medicare
and Medicaid Services resource-based relative value scale, fully loaded professional
and facility-based reimbursement for an
MRI was between $1350 and $1500.22 By
comparing the experiences of patients in
the experimental and comparator practices,
we estimated that 35 MRIs were avoided
by using ultrasonography. Therefore, the
35 avoided MRIs saved between $12,353
and $17,603, for a 35% to 50% return on
investment in less than 1 year. Although
this does not include training costs, it also
does not include the costs of follow-up
visits to interpret the MRI and plan a course
of treatment, or out-of-pocket costs to
patients for additional visits.
Although Group Health is reimbursed
on a capitated basis, it is appropriate
to consider the cost of ultrasonography
relative to MRI for clinicians and systems
that reimburse on a fee-for-service basis.
The national average reimbursement for
an ultrasonography of the upper torso,
including the full professional and facility
charge, is $114. The net savings, therefore, if each MRI that was avoided were
replaced by a reimbursed ultrasonography,
would be reduced to a range of $8362 to
$13,613. This still reflects a strong return on
investment to the purchase of the portable
ultrasound machine.
None of the 41 patients in the experimental practice who received surgery on
the basis of ultrasonography diagnosis
alone required a follow-up visit to discuss
the imaging results. This equates to fewer
patient copays and less time off from
work. It also equates to 41 more clinic
appointments available for the surgeon to
evaluate other patients. Even a follow-up
phone visit for MRI review requires time
and effort from both the patient and surgeon that are not required if diagnosis is
by ultrasonography.
Our report is limited by differences in
patient sets. The trend toward patients

with increasing age and comorbidities
in the ultrasonography group can be explained by patient selection and referral
patterns. The practice that implemented
ultrasonography tended to see patients
with more severe shoulder disorders or
previously failed treatments; this explains
why the ultrasonography-examined patients were generally older,
with greater comorbidity,
… a follow-up
and had more orthopedic,
visit … even a
primary care, and physical
phone visit …
therapy visits than patients
[is] not required
without ultrasonography.
if diagnosis is by
For diagnosis of shoulder
ultrasonography.
disorders, ultrasonography
is most useful for evaluation of rotator cuff disorders. Patients with
rotator cuff disorders tend to be older and
have more medical issues. Patients with
glenoid labral pathology and other shoulder disorders excluding arthritis tend to be
younger and healthier as a population. In
addition, as the ultrasonography evaluation
period progressed in this study, referral
patterns increased, specifically for ultrasonography. Many of these referrals were
for primary ultrasonography indications,
including failed rotator cuff surgery or
arthroplasty, and were frequently patients
with pacemakers. Patients with pacemakers cannot have MRI and tend to be older
with more clinical comorbidities than the
pooled MRI population.
Patients receiving ultrasonography also
had a greater length of time between the
initial orthopedic consultation and eventual
surgery; however, this is possibly because
of a greater patient queue in the experimental practice, or administrative issues
such as vacations and backlogs that were
not related to the use of ultrasonography.
In any case, many of the time- and
cost-saving advantages of ultrasonography
over MRI would apply to all practices. Our
cost-reduction calculations do not include
other musculoskeletal conditions for which
ultrasonography can be used. Within 15
months of the start of the study, more than
300 ultrasound examinations were performed for rotator cuff conditions in this
single practice. Ultrasonography could be
done in less than 15 minutes and did not
change visit durations or patient interval
times; the experimental surgeon saw more
patients overall during the study period
than either of the comparator clinic sur-
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geons. Extrapolating these figures across
a small group practice, the ultrasound
machine can easily pay for itself within a
year in cost savings to the institution that
are directly related to decreased MRI use.
Despite the advantages of ultrasonography as a diagnostic tool in orthopedic
practice, several barriers must be overcome before it can be widely implemented. First, orthopedic surgeons are
not routinely trained in ultrasonography
administration, although this study found
this barrier to be surmountable. Second,
most orthopedic offices do not have a
readily available ultrasound machine,
in particular a mobile device that is easily moved between examination rooms.
Mobile ultrasound devices currently cost
$30,000 to $40,000. Finally, surgeons
must overcome the worry that using ultrasonography will take too much time,
effectively limiting the ability to efficiently
see patients in the clinic.
Conclusion
In this study, we showed that an orthopedic surgeon can be trained to perform
musculoskeletal ultrasonography at substantial institutional and patient cost savings
without compromising patient care. Our
results were observed in a single practice
at a single specialty center, with patients
presenting with conditions ideally suited
for ultrasonography as a diagnostic tool.
Ultrasonography was administered by a
physician with specific expertise in diagnosing shoulder pathology, but no substantial
training in ultrasonography. In the interest
of specificity, we did not include the use
of ultrasonography for other musculoskeletal conditions or for needle localization
procedures. Given the other proven uses
of musculoskeletal ultrasonography in an
orthopedic practice, a case can be made for
even more dramatic cost savings.
The implication of our findings is that
additional training in musculoskeletal
ultrasonography should be considered
for orthopedic residents and fellows.
Widespread review of radiographs, MRIs,
and computed tomography images are
currently part of training. Adding didactics
in ultrasonography is feasible and desirable
based on the results presented here and
elsewhere.2-6 Ultrasonography is not the
first-line imaging technique for all shoulder
and arm pathologies; however, when used
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correctly, it provides fast, inexpensive, and
accurate diagnosis of rotator cuff injuries.
On the basis of our experience, we are
currently developing a didactic series to
help train practicing surgeons in the use of
ultrasonography. v
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