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Background: Shoulder injuries are a prevalent form of musculoskeletal disorders and common reason to seek healthcare. Health
system level care utilization patterns for shoulder disorders are unknown. Accordingly, we described the frequency and timing of
diagnostic imaging and treatment for a new episode of shoulder pain and determine usage variations across common diagnostic
subgroups, military, and private sector care clinics.

Methods: A retrospective cohort of US Military Health System beneficiaries (n = 456,241) classified into 1) non-specific shoulder
diagnosis only, 2) rotator cuff/sub-acromial pain, 3) acromioclavicular (AC joint) dysfunction, 4) shoulder instability/dislocation, 5)
hypomobility/adhesive capsulitis, 6) osteoarthrosis, and 7) multiple diagnoses. Outcomes were healthcare use encounters within the
first three months of the index visit classified into diagnostic imaging, pharmacological, and non-pharmacological treatments.
Results: The mean age of the cohort was 41 years old (SD 13). A majority of the cohort never received diagnostic imaging (76.7%).
Advanced imaging was common for the multiple diagnoses group (53.6% of all advanced imaging). NSAIDS was the most common
pharmacological treatment with 10.4% receiving at least one prescription, and physical therapy was the most common nonpharma-
cologic treatment received by 31% of the cohort. There was lower physical therapy and active treatment use and higher MRI or X-ray
use for the same diagnostic group when care was initiated in a civilian clinic. Patients with rotator cuff disorders, multiple shoulder
diagnoses, and hypomobility disorders were likely to have received at least one steroid joint injection if care was initiated in civilian
compared to military clinics (28.1% vs 16%; 41.2% vs 32%; and 18.6% vs 13.3%, respectively).

Conclusion: Care patterns for high volume shoulder injuries were largely congruent across military and civilian clinics. However, for
specific diagnostic groups, use of imaging, steroid injections and physical therapy varied notably between military and civilian clinics.
Keywords: shoulder condition, health care utilization, shoulder disorder, care patterns

Introduction
Shoulder conditions and disorders are commonly experienced musculoskeletal pain conditions and have a prevalence (20.9%)
comparable to back (26.9%) and neck pain (20.6%)." For example, in a 15-year population-based study in the Netherlands,
only 47% of the cohort were free of chronic arm, neck, or shoulder pain throughout the observation period.! The 53%
experiencing these conditions were further described as having either development (18.3%), persistence (8.5%), recovery
(7.5%), or variable (18.7%) disease courses.” Moreover, the healthcare burden is high for those with shoulder injuries,
including up to 58% of those with chronic arm, neck, and shoulder pain from the aforementioned Netherlands cohort study.’
Health system level care utilization patterns for shoulder conditions and disorders have not previously been well
described; a stark contrast to other commonly occurring musculoskeletal conditions like low back pain.*> Furthermore,

Clinical Epidemiology 2025:17 1049-1060 1049
Received: 23 July 2025 © 2025 George et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http:/creativecommons.org/licenses/by-nc/4.0/). By accessing the

Accepted: 25 November 2025
Published: 10 December 2025

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-4988-9421
http://orcid.org/0000-0002-3963-7389
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

George et al

available literature for characterizing shoulder conditions has included cross-sectional analysis which does not allow for an
understanding of healthcare utilization and care trajectories over time.® This knowledge gap has potentially important
ramifications for data-driven recommendations improving care for this highly prevalent musculoskeletal condition. Also, in
many instances, shoulder conditions are grouped broadly as “musculoskeletal pain” for population-based studies, including
being clustered with neck and arm pain as in the aforementioned cohort study in the Netherlands, as well as other studies.”*®
Most large-scale healthcare resource utilization (HCRU) studies have focused on other areas of musculoskeletal pain,
leaving shoulder conditions and disorders as under-studied. Furthermore, the lack of shoulder-specific data on HCRU limits
the development of value-based models that have been established in similarly prevalent conditions.

Similar to other body regions, several different diagnostic categories of shoulder conditions exist, ranging from acute
injuries to severe degenerative disease requiring surgery. Moreover, prognosis and care trajectories can vary substantially
across shoulder conditions. Therefore, when examining healthcare utilization patterns at the population level, conditions
should be evaluated separately. From a policy and planning perspective, knowledge of how healthcare use varies across
different diagnostic categories is a necessary first step to understanding which care patterns have the highest impact on
the health system. The knowledge of healthcare use across different shoulder diagnostic categories is important because it
informs whether ongoing management is potentially aligned with best practice recommendations. Investigation of
alignment with best practice recommendations for shoulder conditions and disorders is largely missing from existing
literature but is important to know given its high prevalence. One analysis investigating the timing and ordering of
manual therapy and opioid prescription for shoulder pain within the military health system provided insights related to
the economic burden of these care pathways.’ Another analysis of the same health system, this time for knee disorders,
demonstrated cost savings to the organization when stepped care pathways are followed.'® However, such examples are
rarely reported in the literature. Filling this information gap will also allow future assessment of whether shoulder care

11-13

(in this and other health systems) aligns with best practice recommendations for diagnostic imaging use, and

pharmacologic and nonpharmacologic treatments.'>!'*!>

This analysis used routinely collected health data to 1) describe the frequency and timing of diagnostic imaging
(x-rays and advanced imaging services) and treatment use (non-pharmacologic and pharmacologic) for a new episode of
shoulder pain and 2) identify how usage varied across high-volume shoulder conditions in different settings (military
clinics versus private sector care). High volume conditions represent those most commonly seen within the health
system. This analysis adds to the existing literature by HCRU among patients within different shoulder diagnostic
categories, thereby enabling future efforts to better understand what constitutes value-based care for this highly prevalent

musculoskeletal condition.

Methods

Study Overview

This was a retrospective cohort study of United States Military Health System (MHS) beneficiaries seeking care for
a shoulder disorder. The MHS is a single-payer government health system and one of the largest health systems in the
US, with over 50 hospitals and over 400 clinics. We used de-identified data from the MHS Data Repository (MDR) from
January 2013 to July 2019; specifically, the Comprehensive Ambulatory/Professional Encounter Records (CAPER), the
Non-Institutional TRICARE Encounter Data (TED-NI), the Ancillary Laboratory and Radiology data (Ancillary), the
Pharmacy Detail Transaction Service data (PDTS), the Defense Enrollment Eligibility Reporting System (DEERS), the
Institutional TRICARE Encounter Data (TED-I), and the Standard Inpatient Data Records (SIDR). CAPER and SIDR
include data from the outpatient and inpatient electronic medical records used in military clinics. TED-NI and TED-I
include claims data from outpatient and inpatient visits in the private sector. The ancillary file includes imaging
procedures that take place in military clinics, and PDTS includes all prescription data from outpatient encounters. The
index date was defined as the date the individual had their first encounter that recorded a shoulder disorder diagnosis or
procedure (Supplemental Table 1). Both sources that feed to the MDR, from military or private sector care clinics, are

based on procedure (Current Procedural Terminology — CPT) and diagnosis (International Statistical Classification of
Diseases and Related Health Problems (ICD) codes, allowing for a standardized comparison).'®
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Ethics Approval

This project received ethics approval from the Institutional Review Board at US Army Medical Center of Excellence, San
Antonio, TX (#25-00019n, PI: Dan Rhon). The Institutional Review Board at Duke University reviewed this project and
declared it as exempt because statistical analyses were performed on de-identified data (Pro00109909, PI: Steven George).

Eligibility Criteria
Individuals had an index date between July 2013, and March 2019. To be eligible, all cases were required to have
a minimum six-month lead-in period (ie, no care seeking for shoulder disorder) and a three-month follow-up period to
ensure this was a new episode of shoulder pain and to allow for a three-month analysis window of initial care utilization.
Patients were excluded if they were older than 65 years old, or less than 18 years old on the index date except those on
active duty as emancipated minors, or their index visit was in an inpatient setting. Patients were further excluded if, during
the surveillance period, they had a diagnosis or procedure indicating trauma, open dislocation, shoulder/humerus fractures,
or upper extremity amputation. Diagnosis codes for the exclusion criteria can be found in Supplemental Table 1.

Exposures

Using encounters within three months of the index visits, the primary diagnostic shoulder group exposures were
classified as: 1) non-specific shoulder diagnosis only, 2) rotator cuff/sub-acromial pain, 3) acromioclavicular (AC
joint) dysfunction, 4) shoulder instability/dislocation, 5) hypomobility/adhesive capsulitis, 6) osteoarthrosis (OA),
and 7) multiple diagnoses (Supplemental Table 1). Individuals with more than one specific diagnosis were placed in

the multiple diagnoses category. The secondary exposure was the location of the index visit, which could be either
military clinics or private sector (civilian clinics) care.

Outcomes
The study outcomes were HCRU within the first three months from the index visit and were broadly classified into three
main groups: diagnostic imaging, pharmacological, and non-pharmacological treatments (codes in Supplemental Table 2).

Diagnostic imaging procedures included radiographs, magnetic resonance imaging (MRI), magnetic resonance arthrogram
(MRA), and computed tomography (CT) scans. Imaging that included MRI, MRA, or CT was further categorized as
advanced imaging. Patients who received both radiographs and advanced imaging were further categorized based on the
order of imaging (radiograph prior to advanced imaging or vice versa). Pharmacological treatments included prescriptions
for NSAIDs, opioids, benzodiazepines, muscle relaxers, analgesics, and steroid joint injections, based on American
Hospital Formulary Service therapeutic class codes in the PDTS file. Non-pharmacological treatments included receipt
of acupuncture, physical therapy, and then more specifically whether patients received supervised therapeutic exercise,
passive modalities (eg, ultrasound, electrical stimulation, heat/cold therapy), or manual therapy. These outcomes were
defined as binary indicators of utilization and as continuous variables (ie, number of procedures, prescriptions, and
treatment visits per patient).

Data Analysis
For Aim 1, the HCRU in the first three months of shoulder care across the diagnostic shoulder groups was summarized as
the number of unique people who received that care at least once. In addition, descriptive statistics, including the mean
and standard deviation, summarized the number of times the care was received per patient. Chi-square and Wilcoxon
rank sum tests were used to test the difference in treatment receipt between diagnosis categories without adjusting for
multiple testing. However, given the large sample size of this study, a small non-clinically important difference can be
claimed as statistically significant with a p-value <0.05.'7 Therefore, the focus on clinical relevance was prioritized, and
inferential statistical testing was not performed.

For Aim 2, we descriptively compared the same HCRU outcomes between cases that occurred initially in military
clinics versus private sector clinics for each shoulder disorder category. All statistical analyses were completed using
SAS 9.4 software (SAS Institute, Cary, NC, USA).
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Results
The initial data abstraction from MDR identified 1,488,821 unique persons with care for an initial episode of shoulder pain
from January 2013 to July 2019 in MDR. After exclusions for age, prior shoulder care, trauma-related incidents, and
minimum eligibility periods, the research team was provided with a file representing 663,573 unique individuals. Manual
validation of the data removed additional cases based on age, presence of shoulder trauma, and beneficiary eligibility
windows not met. This led to 456,241 individuals meeting eligibility for inclusion in the final cohort (Table 1). The two
most common reasons an individual was excluded during manual validation were not having the index visit in an outpatient
setting (n = 22,046) and having evidence of fracture or trauma (n = 106,772). The summary of this cohort by diagnostic
group is presented in Table 2 and by index clinic type (Supplemental Table 3). The size of the diagnostic groups ranged from
non-specific shoulder pain as the largest (n = 305,764, 67%) to rotator cuff injury (n = 84,698, 18.6%) to AC joint disorders
as the smallest (n = 4,013, <0.1%).

Table 2 was stratified by the diagnostic groups and the characteristics summarized include the data source of the

patient’s index date, age, index year, sex, beneficiary category, pay plan, and service branch (the latter two variables
represent the status of the sponsor). Sex was missing for 14.4% of the total patients. All diagnostic groups showed
a higher percentage of male patients (between 49.7% and 73.4%) except for the Hypomobility/Adhesive Capsulitis
disease group which had 50.9% female patients and only 39% male. Patients with hypomobility/adhesive capsulitis, OA,
and multiple diagnoses had a higher mean age (47, 50, and 48, respectively), whereas patients with AC Joint and
instability/dislocation had a lower mean age (33 and 30, respectively). The AC Joint and Instability/Dislocation disease
groups had the highest percentage of active duty patients (63.8% and 67.5%, respectively), compared to the others which
ranged from 22.4% to 47.3%. Across all diagnostic groups, patients were mainly enlisted members (ranging from 70.4%
to 76.9%; compared to officers) within the Army (37.5-43.1%; compared to the other service branches).

Table | Summary of Individuals Included and Excluded from Analysis

Inclusion/Exclusion Criteria Included | Excluded
| Sought care for shoulder pain in the MHS from January 2013 to July 2019 1,488,821 -
2 Had care for shoulder pain in the year prior to index date 1,285,500 203,321
3 Individuals excluded for being younger than 18 or older than 65 years 1,156,582 128,918
4 Did not have the minimum eligibility periods 663,573 493,009

Final value from Automated MDR data extraction above. Below are results from further manual validation of data received

5 Had at least one shoulder-related diagnosis or procedure code in CAPER, TEDNI, Ancillary, TEDI, or SIDR from | 586,871 -
January 2013 to July 2019

6 Had an index date (first shoulder-related diagnosis or procedure) in an outpatient setting (CAPEER or TEDNI) 564,825 22,046
from July 2013 to March 2019. This allows for 6 months of pre-index washout period and 3 months of post-index

follow-up.
7 Had MHS eligibility from 6 months before index date to 3 months after index date, allowing a 6-month gap in 563,239 1,586
eligibility
8 Had no evidence of trauma from the index date to 3 months after 460,562 102,677
9 Had no evidence of open dislocation from the index date to 3 months after 460,544 18
10 | Had no evidence of shoulder/humerus fracture from index date to 3 months after 456,449 4,095
Il | Had no evidence of an amputation of the upper extremity not including only the digits from the index date to 3 456,440 9

months after

12 | 17-65 years old on the index date 456,241 199
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Table 2 Demographic Characteristics by Diagnostic Groups

Rotator Cuff
(N=84698)

AC Joint
(N=4013)

Instability/
Dislocation
(N=7087)

Hypomobility/
Adhesive Capsulitis
(N=11184)

Osteoarthrosis
(N=13933)

Non-Specific
Diagnosis
(N=305764)

More than |

Specific Disease

(N=29562)

Total
(N=456241)

Initial Shoulder Care
Location
Military Clinic
Civilian Clinic
Patient Sex
Female
Male
Missing
Patient Age
Mean (SD)
Median
Ql, Q3
Range
Index Date Year
2013
2014
2015
2016
2017
2018
2019
Patient Beneficiary Category
Active Duty
Dependent
Retired Service Member
Inactive Guard/Reserve
Other
Missing
Pay Plan
Enlisted
Officer
Cadet
Other/Unknown

Missing

41406 (48.9%)
43292 (51.1%)

30275 (35.7%)
45408 (53.6%)
9015 (10.6%)

4332 (12.52)
44
33, 54
(17-65)

0 (0%)
19216 (22.7%)
14384 (17%)
18069 (21.3%)
15080 (17.8%)
13461 (15.9%)
4488 (5.3%)

32287 (38.1%)

27206 (32.1%)

19634 (23.2%)
3436 (4.1%)
1924 (2.3%)
211 (0.2%)

62676 (74%)
19575 (23.1%)
154 (0.2%)
196 (0.2%)
2097 (2.5%)

2412 (60.1%)
1601 (39.9%)

713 (17.8%)
2946 (73.4%)
354 (8.8%)

32.60 (11.36)
30
23,39
(17-65)

0 (0%)
1064 (26.5%)
1064 (26.5%)
825 (20.6%)
524 (13.1%)
430 (10.7%)
106 (2.6%)

2561 (63.8%)
803 (20%)
391 (9.7%)
209 (5.2%)
37 (0.9%)
12 (0.3%)

3087 (76.9%)
748 (18.6%)
68 (1.7%)

2 (0%)
108 (2.7%)

4593 (64.8%)
2494 (35.2%)

1343 (19%)
4702 (66.3%)
1042 (14.7%)

29.88 (107)
27
22, 35
(17-65)

2 (0%)
927 (13.1%)
1069 (15.1%)
1829 (25.8%)
1554 (21.9%)
1321 (18.6%)
385 (5.4%)

4787 (67.5%)
1444 (20.4%)
417 (5.9%)
305 (4.3%)
113 (1.6%)
21 (0.3%)

5306 (74.9%)
1407 (19.9%)
228 (3.2%)
2 (0%)
144 (2%)

4948 (44.2%)
6236 (55.8%)

5689 (50.9%)
4360 (39%)
1135 (10.1%)

47.46 (11.87)
50
40, 57
(18-65)

0 (0%)
2645 (23.6%)
1644 (14.7%)
2325 (20.8%)
1968 (17.6%)
1844 (16.5%)
758 (6.8%)

2502 (22.4%)
5141 (46%)
2812 (25.1%)
297 (2.7%)
398 (3.6%)
34 (0.3%)

7873 (70.4%)
2974 (26.6%)
10 (0.1%)
31 (0.3%)
296 (2.6%)

5142 (36.9%)
8791 (63.1%)

4575 (32.8%)
8311 (59.6%)
1047 (7.5%)

49.96 (10.57)
52
43,59
(17-65)

315 (2.3%)
3226 (23.2%)
2068 (14.8%)
2952 (21.2%)
2353 (16.9%)
2194 (15.7%)
825 (5.9%)

3802 (27.3%)

4202 (30.2%)

5255 (37.7%)
408 (2.9%)
243 (1.7%)
23 (0.2%)

10,306 (74%)
3287 (23.6%)
6 (0%)
36 (0.3%)
298 (2.1%)

194401 (63.6%)
111363 (36.4%)

102702 (33.6%)
152093 (49.7%)
50969 (16.7%)

39.58 (12.90)
38
28, 50
(17-65)

0 (0%)
49,206 (16.1%)
43729 (14.3%)
69815 (22.8%)
64719 (21.2%)
59414 (19.4%)
18,881 (6.2%)

144544 (47.3%)
91568 (29.9%)
51390 (16.8%)
7856 (2.6%)
9401 (3.1%)
1005 (0.3%)

234979 (76.8%)
63307 (20.7%)
936 (0.3%)
647 (0.2%)
5895 (1.9%)

9702 (32.8%)
19860 (67.2%)

10408 (35.2%)
16993 (57.5%)
2161 (7.3%)

4825 (11.46)
50
41,57
(18-65)

16 (0.1%)
7297 (24.7%)
4472 (15.1%)
5876 (19.9%)
5074 (17.2%)
4831 (16.3%)

1996 (6.8%)

7919 (26.8%)
9627 (32.6%)
10125 (34.3%)
1281 (4.3%)
578 (2%)
32 (0.1%)

21,484 (72.7%)
7183 (24.3%)
45 (0.2%)
51 (0.2%)
799 (2.7%)

262604 (57.6%)
193637 (42.4%)

155705 (34.1%)
234813 (51.5%)
65723 (14.4%)

41.13 (136)
41
30, 52
(17-65)

333 (0.1%)
83581 (18.3%)
68430 (15%)
101691 (22.3%)
91272 (20%)
83495 (18.3%)
27439 (6%)

198402 (43.5%)
139991 (30.7%)
90024 (19.7%)
13792 (3%)
12694 (2.8%)
1338 (0.3%)

345711 (75.8%)
98481 (21.6%)
1447 (0.3%)
965 (0.2%)
9637 (2.1%)

(Continued)
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Table 2 (Continued).

Rotator Cuff
(N=84698)

AC Joint
(N=4013)

Instability/
Dislocation
(N=7087)

Hypomobility/
Adhesive Capsulitis
(N=11184)

Osteoarthrosis
(N=13933)

Non-Specific
Diagnosis
(N=305764)

More than |

Specific Disease

(N=29562)

Total
(N=456241)

Service

Army

Air Force

Navy

Marines

Coast Guard
Other/Unknown
Missing

33233 (39.2%)

22515 (26.6%)
16667 (19.7%)
7403 (8.7%)
2379 (2.8%)
405 (0.5%)
2096 (2.5%)

1523 (38%)

943 (23.5%)

745 (18.6%)
561 (14%)
125 (3.1%)
8 (0.2%)
108 (2.7%)

2697 (38.1%)
1480 (20.9%)
1475 (20.8%)
1098 (15.5%)
173 (2.4%)
20 (0.3%)
144 (2%)

4197 (37.5%)
3167 (28.3%)
2345 (21%)
803 (7.2%)
295 (2.6%)
82 (0.7%)
295 (2.6%)

6002 (43.1%)

3725 (26.7%)

2531 (18.2%)
985 (7.1%)
329 (2.4%)
64 (0.5%)
297 (2.1%)

128878 (42.1%)

80444 (26.3%)

55908 (18.3%)
27654 (9%)
5899 (1.9%)
1092 (0.4%)
5889 (1.9%)

11877 (40.2%)
8070 (27.3%)
5557 (18.8%)
2184 (7.4%)
911 (3.1%)
164 (0.6%)
799 (2.7%)

188407 (41.3%)
120344 (26.4%)
85228 (18.7%)
40688 (8.9%)
10111 (2.2%)
1835 (0.4%)
9628 (2.1%)

|e 19 284095



George et al

Supplemental Table 3 reports patient characteristics based on the location of the initial shoulder care (military or

private sector clinic). Patients with missing sex were all initially seen in military clinics. Patients whose initial care
occurred in the military clinics had a lower mean age compared to patients with initial care occurring in private sector
clinics (38 vs 46, respectively). As expected, a higher percentage of active-duty service members were seen in military
versus private sector clinics (63% vs 17%), compared to fewer dependent (18.3% vs 47.5%) and retired service members
(13.4% vs 28.3%).

Diagnostic Imaging (Aim 1)
A majority of the cohort never received diagnostic imaging (76.7% overall), but there was variability in imaging use
among diagnostic groups (Supplemental Table 4). For example, 61.4% of patients with OA and 73.5% with multiple

diagnoses had at least one imaging procedure. Radiographs were the most common imaging (18.3% overall), except for
the multiple diagnoses group receiving equal radiographs and MRIs (53.6% and 53.0% respectively). Advanced imaging
was most common for the multiple diagnoses group (53.6%), followed by OA (22.8%), rotator cuff (17.4%), and
instability/dislocation disorders (12.4%). When examining the order of imaging services among patients who used
imaging services, 34.4% of the patients with multiple diagnoses had a radiograph first, 27.1% had only a radiograph,
27% had only advanced imaging, and 11.1% had advanced imaging prior to a radiograph. Of the patients who used
imaging services, the percentage of patients with advanced imaging first was the highest in the multiple diagnoses group
(11.1%), followed by the rotator cuff group (5.5%) and Hypomobility/Adhesive Capsulitis disease group (3.5%).
Advanced imaging prior to radiograph occurred for only <3% of those in all other diagnostic groups.

Pharmacologic and Nonpharmacologic Treatments (Aim 1)
Supplemental Table 4 summarizes pharmacologic and nonpharmacologic treatments by the shoulder diagnosis groups.

NSAIDs were the most common pharmacological treatment across the entire cohort, with 10.4% receiving at least one
prescription. Within the diagnostic groups, almost 13% or higher received an NSAID prescription in hypomobility/
adhesive capsulitis, OA, and multiple diagnoses groups. This was closely followed by steroid injections with 10.2%
overall, and within the diagnostic groups, >20% for rotator cuff, OA, and multiple diagnoses groups. Opioid prescriptions
were filled by 8.4% of the patients overall, but within the diagnostic groups >10% in hypomobility/adhesive capsulitis,
OA, and multiple diagnoses groups. Benzodiazepine prescriptions were the least common, with only 3.6% of the cohort
receiving this medication. Among those who had at least one prescription of NSAIDS or opioid, the mean numbers of
NSAIDS or opioid prescriptions were around 5 or 3 for all diagnostic groups, respectively. Among those who had at least
one steroid joint injection, the mean number was 1 across all diagnostic groups.

Physical therapy was received by 31% of the cohort. Specific elements included therapeutic exercise (32.2% having at
least one occurrence), followed by manual therapy (19.7%), and passive treatments (13.7%). Those who received
therapeutic exercise or physical therapy had a mean number of around 5 sessions, with the diagnostic groups of
Hypomobility/Adhesive capsulitis and multiple diagnosis groups having the most sessions. Acupuncture was used for
0.4% of the cohort, thus limiting the ability to explore variation across different diagnostic groups.

Differences in Military and Civilian Care Settings (Aim 2)

Supplemental Table 5 compares HCRU between patients initially seen in civilian and military clinics. Figure 1 illustrates

the percentages of patients utilizing at least one pharmacological treatment by diagnostic groups and location of the
initial shoulder care encounter (military or private sector clinic). Receipt of pharmacological treatments was relatively
similar between clinic types within the same disease group, except for a few instances. NSAIDs were filled about 3%
more often for private sector shoulder care compared to military clinics for patients with rotator cuff disorders, AC joint,
instability/dislocation, and non-specific diagnosis. The percentages of patients using opioids were higher by 1-2% when
care was initiated in a private sector clinic compared to a military clinic for all diagnostic groups except for
Hypomobility/Adhesive capsulitis and OA. Patients with rotator cuff disorders, Hypomobility/Adhesive capsulitis, and
multiple diagnoses were more likely to have received at least one steroid joint injection if shoulder care was initiated in
the private sector compared to military clinics (28.1% vs 16%; 18.6% vs 13.3%; and 41.2% vs 32.0%, respectively).

Clinical Epidemiology 2025:17 htps: 1055
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Figure | Use of pharmacologic treatments for shoulder disorders in civilian and military settings. The pharmacologic treatments were not mutually exclusive and multiple
medications could have been prescribed for a single individual.

Across all diagnostic groups, care initiated in a military clinic was more likely to consist of at least one session of
a non-pharmacological treatment compared to care initiated in a private sector clinic (Figure 2). However, manual
therapy was similar across both settings for Hypomobility/Adhesive capsulitis and multiple diagnoses groups. On the
other hand, if care was initiated in a private sector clinic, patients were more likely to have received an advanced imaging
or X-ray than if care was initiated in a military clinic (Figure 3).

Discussion
Shoulder conditions are highly prevalent in both military and civilian populations and are a common reason to seek
healthcare. This comparative analysis of shoulder diagnostic groups provided novel data on HCRU patterns that, to the
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Figure 2 Use of non-pharmacologic treatments for shoulder disorders in civilian and military settings. The non-pharmacologic treatments were not mutually exclusive, for
example, the active exercise, passive treatment, and manual therapy likely occurred within the context of a physical therapy visit.

best of our knowledge, had not been previously described at the health system level. For example, shoulder disorders
have the highest rates of diagnostic imaging compared to competing musculoskeletal conditions, like back, knee, or neck
pain;'® yet guidance for imaging decision-making is often left to expert opinion for the shoulder.'” These findings
provide patients, clinicians, and policy-makers the ability to identify overall prescription rates among commonly used
modalities for the management of shoulder disorders. These data may be critical to establishing benchmarks and HCRU
metrics that inform the development of value-based care pathways in this population.

In this cohort, there were relatively low rates of diagnostic imaging (almost 77% of the cohort received none) and low
prescription rates for opioids and steroid injections (each <10%). Furthermore, the variability observed in the HCRU
largely coincided with what would be considered clinically appropriate for a given diagnostic group. For example, the
multiple diagnoses group had the highest rates for advanced diagnostic imaging, steroid injections, and physical therapy.
Relative to the other diagnostic groups, these higher rates appear justified given the multiple diagnoses group likely
represents individuals with more complex cases.

There were some HCRU patterns, however, that indicated an opportunity for improvement. The limited use of
acupuncture as a non-pharmacologic treatment was one notable finding, given that the treatment modality has been used
to improve short-term shoulder outcomes.”® Another interesting finding is that large differences in military and civilian
clinics were noted in the use of imaging, steroid injections, and physical therapy for specific diagnostic subgroups. These
differences provide circumstantial evidence that system-level factors may facilitate care decisions.''*' For example, in
civilian clinics, higher reimbursement could lead to greater use of diagnostic imaging and steroid injections, while
copayments could be a barrier to the use of physical therapy.
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Figure 3 Diagnostic imaging for shoulder disorders in civilian and military settings. Diagnostic imaging categories were not mutually exclusive and multiple tests could have
been received for a single individual.

The strengths of this analysis include a large sample size of both military and civilian care recipients, likely one of the
largest existing samples for shoulder disorders. This analysis also used data collected from a closed single-payer
healthcare system, increasing the likelihood it represents a true reflection of actual care received. Comparisons to the
existing literature are challenging because our approach investigated HCRU patterns along with increased granularity in
shoulder diagnostic groups. A study by Joo et al® described healthcare use for three different shoulder diagnostic groups
(ie, adhesive capsulitis, rotator cuff syndrome, and shoulder impingement syndrome) from National Health Insurance
(Korea) claims data. However, their focus was on describing the location, provider type, and cost of service making

1?? assessed shoulder disorders across this

difficult direct comparisons with our cohort. Another study from Leggit et a
same health system in fiscal year 2014. They reported 55,643 individuals that met study inclusion, with 75.3% under-
going radiological assessment and 91% being prescribed pain medications.”> However, case assessment was limited to
only ICD-9 codes, and they did not investigate patterns based on diagnostic groups or differentiate between care in
military versus civilian clinics. When considering these results within the context of a theoretical framework for
orthopedic hospitals, our data were best aligned with one domain (provision of sustainable medical care services),
while less informative for other domains (organizational management, economic, environmental, and social).23

There are some limitations to consider. First, our sample included cases from the years 2013-2019 which may not
represent current practices. We intentionally chose the time frame to exclude years overlapping with the COVID
pandemic because of the disruption in ambulatory care. More recent years were not yet available for analysis. Second,
we used a washout period to avoid prior care seeking; but there remains a possibility these findings do not represent their
true initial index shoulder visit for all patients. Another important limitation to consider when interpreting these findings
is that over-the-counter medications and healthcare visits outside of civilian/military clinics may not be captured. No
costs for care in the MHS versus the likely need to fund additional care out of pocket makes over the counter medication
use less likely. However, due to this limitation, we cannot directly comment on any rates or differences in rates for over-
the-counter medication use. Finally, medication prescriptions could not be directly linked to a diagnosis, so the shoulder
disorder could not validated as the primary reason for the order.
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Conclusion

This study describes the use of care for different shoulder diagnostic groups and adds to the existing literature by
comprehensively describing patterns within a large health system; one of the first studies to describe care at this level of
detail for this highly prevalent musculoskeletal condition. Collectively, care patterns were congruent across military and
civilian clinics with notable exceptions being much higher imaging rates and steroid injection use in civilian clinics and
higher physical therapy use in military clinics. These findings suggest that policies in the MHS may facilitate clinical
practices that are more likely to be consistent with existing practice guidelines, especially with regard to use of imaging,
steroid injection, and physical therapy. However, future research is needed in this area to determine what are the
definitive or primary drivers for the care variability observed in this cohort study.
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