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Background: In-person, conservative care may decrease opioid use for chronic musculoskeletal (MSK) pain, but the impact of 
digitally delivered conservative care on opioid use is unknown. This study examines associations between a digital MSK program and 
opioid initiation and prescriptions among opioid naive adults with chronic MSK pain.
Methods: This observational study used commercial medical and pharmacy claims data to compare digital MSK program members to 
matched physical therapy (PT) patients. Outcomes were any opioid prescriptions and opioid prescriptions per 100 participants within 
the 12-months after starting a digital MSK program. After propensity-score matching, we conducted multivariate regression models 
that controlled for demographic, comorbidity, and baseline MSK healthcare use.
Results: The study included 4195 members and 4195 matched PT patients. For opioid initiation, 7.89% (95% Confidence Interval 
[CI]: 7.07%, 8.71%) of members had opioid prescriptions within 12 months after starting the digital MSK program versus 13.64% 
(95% CI: 12.60%, 14.67%) of matched PT patients (p < 0.001). Members had significantly fewer opioid prescriptions (16.73 per 100 
participants; 95% CI: 14.11, 19.36) versus PT patients (22.36 per 100 participants; 95% CI: 19.99, 24.73). Members had lower odds 
(OR: 0.52, 95% CI: 0.45, 0.60) of initiating opioids and significantly fewer prescriptions per 100 participants (beta: −6.40, 95% CI: 
−9.88, −2.93) versus PT patients after controlling for available confounding factors.
Conclusion: An MSK program that delivers conservative care digitally may be a promising approach for decreasing opioid initiation 
among individuals with chronic MSK pain given the limitations of the observational design and matching on only available covariates.
Keywords: musculoskeletal pain, telemedicine, telerehabilitation, opioid, claims analysis

Plain Language Summary
In-person conservative care is a best practice for managing chronic MSK pain and may help to prevent people from starting opioids 
(ie, opioid initiation). We did this study to see if conservative care delivered digitally might also lower opioid initiation. Using medical 
claims data, we identified people with MSK needs who did not have any opioid prescriptions one year before starting a digital MSK 
program or in-person physical therapy (PT). We found that 7.89% of members of a digital MSK program had new opioid prescriptions 
within one year of starting the program. In contrast, 13.64% of patients in PT had new opioid prescriptions within one year after PT.

Introduction
Musculoskeletal (MSK) disorders affected 127.4 million Americans in 2019 and greatly contributed to disability 
worldwide.1,2 MSK disorders were the third most prevalent diseases or injuries in the U.S in 2019 and have been the 
primary reasons for healthcare spending over time.3 In 2016, payers spent $380.9 billion on MSK disorders.4
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To manage chronic MSK pain, clinical guidelines from several countries and professional associations recommend 
conservative care including physical activity, exercises, strengthening, and mobility.5,6 For example, guidelines covering 
osteoarthritis, low back pain, and neck pain recommend physical activity/exercise and activity maintenance with guide
lines for osteoarthritis further recommending strengthening, mobility, and other activities specifically.6 Moderate to 
strong evidence has shown that these conservative care approaches result in improvements in pain and function.7,8

Opioids may also be used to manage MSK needs, but guidelines urge providers to assess the risks and benefits of 
opioid use and careful consideration of duration of use.5,6,9 The cautious tone in chronic MSK pain guidelines is the 
result of adverse event risks associated with opioid use and the potential for diversion and nonmedical use.10,11 Despite 
risks, opioid use for chronic MSK pain persists.12–16

By improving pain and function, guideline-adherent, in-person conservative care may curb opioid initiation and 
use.17,18 For example, PT is associated with decreases in opioid prescriptions. Privately insured adults with low back pain 
living in the northwestern United States had 87.6% lower probability of receiving an opioid prescription versus those 
with no PT.19 Similarly, Thackeray et al reported that taking part in PT versus not taking part significantly decreased the 
odds of receiving an opioid prescription (OR: 0.47; 95% CI: 0.24 to 0.92) among Medicaid covered patients with back 
pain in 2013.20

Although in-person conservative care decreases opioid initiation, the impact of digitally delivered conservative care 
on opioid use is unknown. Systematic reviews have shown that digital MSK programs resulted in statistically significant 
pain and functional improvement compared to waiting-list, usual care, or active controls (eg, health education).21–25 We 
also previously reported on significant improvements in self-reported pain and function in our specific digital MSK 
program.26–29 But, we have not conducted a study to examine the impact of the digital MSK program on opioid use 
among these same members. Therefore, this study’s objective is to examine the extent to which conservative care 
delivered digitally decreases opioid initiation and prescriptions among individuals with no opioid use in the past 12 
months.

Materials and Methods
Study Design
We conducted an observational, cohort study using medical claims data, comparing digital MSK program members 
(herein, members) versus propensity-score matched nonparticipants who had physical therapy (herein, PT patients).

Supplementary Materials, Tables S1–S3 provides additional information about definitions used to identify and classify 
claims.

Digital MSK Program Description
The digital MSK program has been described in detail previously.26 In brief, the program was a health benefit for 
employees and dependents offered through 160 employers. The digital MSK program’s goal was to help participants 
manage chronic MSK pain. It provided members with tablet computers with a program app and wearable motion sensors 
(InvenSense MPU-6050, TDK Electronics, Tokyo, Japan). The program app used “playlists” to present exercises via 
animations and videos. Based on information from the sensors, the app provided feedback during exercises about 
repetitions and range of movement. After exercises, the app presented educational resources to members. Certified health 
coaches and physical therapists were available to guide members and support program adherence.

Study Participants
The study included two groups. Members were adults (18 to 64 years) who reported via the application that they had 
more than 12 weeks of back, knee, shoulder, hip, or neck pain. Members started the digital MSK program between 
January 2020 and October 2020.

PT patients were adults with a PT visit index event for chronic back, knee, shoulder, hip, or neck pain between 
January 2020 and October 2020, as identified in claims data. All members and PT patients had continuous employer- 
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based medical and pharmacy benefit coverage for the 12 months before (herein, baseline) and 12 months after (herein, 
post period) starting the digital MSK program or PT index event.

Study exclusion criteria were as follows: any MSK surgery or opioid prescriptions during baseline; pregnancy, 
childbirth, or malignant cancer during the baseline or post period; missing demographics data; or total medical cost over 
$102,787.80 (99th percentile) during the baseline or post period.

Outcome Variables
The primary outcome was whether the study participant had any opioid prescriptions within 12 months after starting the 
digital MSK program or having PT (no/yes). A secondary outcome was the average number of opioid prescriptions in the 
post period per 100 participants.

Confounding Variables
The study included demographics (age, gender, census division) and comorbidities (hypertension, heart disease, diabetes, 
obesity, mental health needs, substance use disorders, autoimmune disorders, neurological disorders, respiratory dis
orders, additional MSK pain regions). We also identified MSK-related health care use during baseline. We included the 
per participant mean number of injections, emergency department (ED) visits, orthopedic surgeon visits, PT visits, and 
chiropractor visits. We included presence/absence of evaluation and management (E&M) services, imaging, tests (eg, 
laboratory), anesthesia, durable medical equipment (DME), and other invasive procedure (eg, vertebroplasty, destruction 
by neurolytic agent).

Data Source
We used de-identified, person-level enrollment, medical claims, and pharmacy claims data files from a commercial health 
plan aggregator. The database represents more than 100 million commercially insured lives across all states in the United 
States. Data with enrollment dates and dates of service between January 2019 and September 2021 were included in this 
study.

Statistical Methods
Within each pain region, we calculated a propensity score for each individual using a logit model with demographics, 
comorbidities and other concurrent pain region(s), and baseline MSK-related health care use. Then we matched PT 
patients in each respective pain region to members on propensity score, using full Mahalanobis matching with 1:1 nearest 
neighbor without replacement and without caliper (Stata command psmatch2). The final analytic sample included 4195 
members and 4195 PT patients.

To characterize the study participants, we generated descriptive statistics and standardized mean difference (SMD) for 
the matched sample for baseline demographics, comorbidities, MSK-related health care use, and outcomes.

For main findings, we conducted unadjusted regression models and adjusted multivariate regression models that 
included all demographic, comorbidity, and baseline MSK healthcare use variables. We conducted logistic regression for 
opioid initiation and linear regression for prescription number. Finally, we used postestimation predictions to report 
outcomes as adjusted percentages or means for each group.

We used Stata statistical software (version 17.0, Stata Corp, College Station, Texas, USA) to conduct the analyses. 
A two-sided p < 0.05 was taken to indicate statistical significance. Data analysis was performed in October 2022.

Results
Descriptive results
Table 1 shows the demographics of the study participants in the propensity matched groups. Depending on pain region, 
between 38% and 62% of participants were female, and 52% to 82% of participants were in the 50 to 64 age range. After 
matching, the members and PT patients did not exhibit any significant differences in baseline demographics.
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Table 1 Study Participant Demographics, by Pain Region, After Matching

Demographics Back Knee Shoulder Hip Neck

PT Patients 
(n=2120)

Members 
(n=2120)

PT Patients 
(n=799)

Members 
(n=799)

PT Patients 
(n=282)

Members 
(n=282)

PT Patients 
(n=287)

Members 
(n=287)

PT Patients 
(n=707)

Members 
(n=707)

Gender
Male 61.79% 60.00% 47.18% 46.81% 61.35% 59.57% 37.98% 37.98% 47.67% 45.54%

Female 38.21% 40.00% 52.82% 53.19% 38.65% 40.43% 62.02% 62.02% 52.33% 54.46%

Age group

18–29 4.48% 3.77% 2.50% 1.50% 0.00% 0.00% 0.00% 0.00% 3.68% 3.39%

30–39 19.29% 17.97% 10.01% 10.14% 5.32% 4.61% 8.36% 6.62% 20.51% 20.51%
40–49 23.82% 23.73% 22.65% 22.53% 20.57% 19.50% 10.80% 11.50% 24.47% 23.48%

50–64 52.41% 54.53% 64.83% 65.83% 74.11% 75.89% 80.84% 81.88% 51.34% 52.62%

Census Region

New England 0.94% 0.47% 0.38% 0.13% 1.06% 1.06% 0.00% 0.00% 0.00% 0.00%

Middle Atlantic 2.50% 2.22% 1.88% 1.63% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
East North Central 8.73% 7.78% 13.02% 13.02% 2.13% 1.42% 14.29% 13.94% 4.10% 3.25%

West North Central 8.63% 8.54% 7.38% 8.39% 5.32% 5.67% 8.01% 7.67% 9.48% 9.19%

South Atlantic 13.25% 12.78% 16.65% 15.77% 12.41% 12.77% 11.50% 11.85% 9.76% 9.76%
East South Central 2.08% 2.17% 3.88% 3.00% 1.42% 1.06% 3.48% 3.48% 1.13% 0.99%

West South Central 9.53% 8.63% 8.26% 10.14% 3.19% 2.13% 6.27% 4.88% 7.78% 6.36%

Mountain 6.98% 7.97% 4.51% 4.01% 3.55% 3.90% 0.00% 0.00% 6.08% 7.07%
Pacific 47.36% 49.43% 44.06% 43.93% 70.92% 71.99% 56.45% 58.19% 61.67% 63.37%
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Table 2 shows study participants’ comorbidities. Across all pain regions, the most common comorbidities were 
hypertension, mental health needs, and diabetes. Less than 5% of study participants had medical claims related to other 
MSK pain regions. After matching, the members and PT patients did not exhibit any significant differences in baseline 
comorbidities.

Table 3 shows MSK-related health care use in the 12 months before starting the digital MSK program or the PT index 
event. Among back pain participants, members had significantly more orthopedic surgeon visits and PT visits versus PT 
patients. Significantly more members had E&M visits and imaging. Among knee pain participants, significantly more 
members had E&M visits. Among neck pain participants, significantly more members had nonsurgical invasive 
procedures versus PT patients. We detected no other statistically significant differences in MSK-related health care use 
at baseline between groups.

The additional file reports standardized mean differences for these factors.
Table 4 shows descriptive results for members versus PT patients. For opioid initiation, 7.89% (95% Confidence 

Interval [CI]: 7.07%, 8.71%) of members had opioid prescriptions within 12 months of starting the digital MSK program 
versus 13.64% (95% CI: 12.60%, 14.67%) of matched PT patients (p < 0.001). Members had significantly fewer opioid 
prescriptions (16.73 per 100 participants; 95% CI: 14.11, 19.36) versus PT patients (22.36 per 100; 95% CI: 19.99, 
24.73).

Main Findings
Table 5 shows results from unadjusted and adjusted regression models. Members had significantly lower odds (OR: 0.52, 
95% CI: 0.45, 0.60) of initiating opioids within 12 months of starting the digital MSK program versus PT patients after 
controlling for available confounding variables. Members had significantly fewer prescriptions per 100 participants (beta: 
−6.40, 95% CI: −9.88, −2.93) in the post period versus PT patients after controlling for available confounding variables.

Discussion
This study shows the significant associations between digitally-delivered conservative care and decreased opioid 
initiation and prescribing. Among opioid naive participants with chronic MSK pain, significantly fewer digital MSK 
program members initiated opioids compared to PT patients during the 12 month follow-up period. In addition, members 
had significantly fewer prescriptions than PT patients after adjusting for confounders.

One possible reason for our findings is the effectiveness of conservative care on MSK pain and function. For 
example, a systematic review reported that exercise therapy has a larger effect on knee pain compared with NSAIDs, 
which have similar effects as opioids.30 Studies have also shown that conservative care delivered digitally improves 
clinical outcomes as well if not better than in-person care.21–25 Digital health utilization became especially pronounced 
during the spring and summer of 2020 when many people were unable to access in-person treatment for MSK pain due to 
the coronavirus pandemic. Therefore, digital MSK program members may have experienced improved pain and function, 
which may have prevented the need for new opioid prescriptions.

Study strengths are that the analysis includes a large sample size, and findings are generalizable to opioid naive adults 
with chronic MSK pain and employer-based medical and pharmacy coverage. To our knowledge, this is the first 
published study about a digital MSK program and opioid utilization.

The study had the following limitations. First, this is not a randomized controlled trial so we cannot establish 
causality of the digital MSK program’s effect on opioid initiation or prescriptions.

Second, our dataset is deidentified claims data that do not contain a number of variables that would greatly enhance 
the analysis. For example, the data do not include important confounding variables such as education and race/ethnicity, 
even though chronic MSK pain disproportionally affects underrepresented groups.31 The data do not include granular 
geographic indicators (eg, zip code, census tract), which prevented us from controlling for rurality or area deprivation. 
Furthermore, as a deidentified dataset, we are unable to link to our program’s engagement and clinical outcomes data. As 
a result, we do not account for baseline pain intensity or functional status, which are likely associated with opioid use. 
Our results may be overestimated if the digital MSK program included members with less pain or higher function.32 
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Table 2 Study Participant Comorbidities, by Pain Region, After Matching

Comorbidities Back Knee Shoulder Hip Neck

PT Patients 
(n=2120)

Members 
(n=2120)

PT Patients 
(n=799)

Members 
(n=799)

PT Patients 
(n=282)

Members 
(n=282)

PT Patients 
(n=287)

Members 
(n=287)

PT Patients 
(n=707)

Members 
(n=707)

Hypertension 12.78% 12.69% 15.39% 16.52% 15.60% 11.70% 17.42% 15.33% 8.06% 8.06%
Heart disease 6.18% 6.27% 5.26% 5.26% 7.09% 5.67% 4.53% 5.57% 7.21% 6.22%

Diabetes 6.84% 6.84% 7.13% 7.38% 10.99% 11.35% 7.67% 9.06% 4.81% 6.08%

Obesity 1.51% 1.51% 2.00% 2.63% 1.06% 1.06% 2.44% 3.48% 0.85% 1.13%
Mental health 12.74% 12.59% 10.89% 11.14% 8.16% 8.51% 17.42% 17.77% 16.55% 17.68%

Substance use 0.90% 0.99% 0.75% 0.50% 1.42% 1.77% 1.39% 1.05% 0.85% 1.27%

Autoimmune 1.13% 1.23% 2.13% 2.13% 1.06% 1.06% 0.70% 1.05% 0.99% 1.41%
Neurologic 4.86% 5.24% 3.63% 4.26% 5.67% 5.32% 5.23% 4.88% 7.92% 7.64%

Respiratory 2.22% 2.31% 3.25% 3.63% 3.19% 3.19% 3.48% 3.48% 4.81% 4.24%

Concurrent pain regions

Back 100.00% 100.00% 2.00% 2.38% 0.71% 1.06% 1.39% 2.44% 3.68% 3.11%

Knee 0.90% 0.90% 100.00% 100.00% 1.42% 1.06% 3.14% 1.39% 1.56% 0.99%
Shoulder 1.23% 0.80% 1.63% 1.25% 100.00% 100.00% 0.70% 1.39% 1.13% 0.85%

Hip 0.57% 0.66% 1.00% 0.75% 0.71% 0.71% 100.00% 100.00% 0.14% 0.28%

Neck 2.92% 3.02% 2.00% 1.75% 2.48% 3.19% 1.39% 3.48% 100.00% 100.00%
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Table 3 Study Participant’s MSK Healthcare Use at Baseline, by Pain Region, After Matching

Health Care Use Back Knee Shoulder Hip Neck

PT Patients 
(n=2120)

Members 
(n=2120)

PT Patients 
(n=799)

Members 
(n=799)

PT Patients 
(n=282)

Members 
(n=282)

PT Patients 
(n=287)

Members 
(n=287)

PT Patients 
(n=707)

Members 
(n=707)

Number of Injections 0.13 0.16 0.23 0.29 0.12 0.15 0.12 0.18 0.10 0.11

ER visits 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Orthopedic surgeon visits 0.07* 0.10* 0.18 0.22 0.13 0.18 0.24 0.23 0.10 0.09
PT visits 0.60* 0.78* 0.86 0.81 1.35 1.45 0.94 0.85 0.66 0.71

Chiropractor visits 1.46 1.71 0.97 1.20 0.94 1.18 1.15 1.38 2.08 2.27

Percent with other invasive 0.33% 0.47% 0.25% 0.38% 1.42% 2.13% 1.74% 2.44% 0.14%* 1.27%*

E&M 23.92%* 26.98%* 23.28%* 28.04%* 25.53% 31.21% 26.13% 30.31% 23.48% 26.31%

Imaging 15.14%* 17.45%* 16.90% 20.40% 17.73% 21.99% 22.65% 22.30% 15.28% 16.41%
Testing 2.03% 2.74% 3.00% 2.13% 1.77% 2.48% 1.74% 3.14% 1.56% 1.41%

Anesthesia 0.75% 1.18% 0.63% 0.50% 0.71% 2.13% 0.70% 0.35% 0.85% 0.71%

DME 1.60% 1.89% 3.00% 2.38% 1.42% 2.48% 1.39% 2.09% 0.99% 1.56%

Note: *t-test, p<0.05.
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Without a data linkage, we are also unable to show in a single study that the digital MSK program improves pain and 
function, with subsequent decreases in opioid initiation and prescriptions.

Third, we cannot fully account for individual-level selection bias into the program. We do match members to PT 
patients drawn from the entire commercial health plan population rather than from just employers with the digital MSK 
program benefit to mitigate individual selection bias within the same employer. Finally, the PT patients had PT visit 
index events between January and October 2020 during COVID closures. It is unclear whether COVID restrictions had 
an effect on findings.

To address limitations, future research could include prospectively designed randomized controlled trials to further 
prove the efficacy of a digital MSK program on decreasing opioid use and amounts. Studies could also combine clinical 
outcomes and claims data to identify the range of factors associated with opioid use as well as the progression from 
improved clinical outcomes to changed medical care use.

Conclusions
An MSK program that delivers conservative care digitally may be a promising approach for decreasing opioid initiation 
among individuals with chronic MSK pain. The digital MSK program may effectively address pain, thereby preventing 
the need for opioids. By decreasing opioid initiation, the program may also help members avoid adverse events 
associated with opioid use.

Abbreviations
CDC, Centers for Disease Control and Prevention; CI, Confidence interval; DME, Durable medical equipment; ED, 
Emergency department; E&M, Evaluation and management; MSK, Musculoskeletal; PT, Physical therapy.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable 
request.

Table 4 Descriptive Results for Members versus PT Patients

Outcomes PT Patients Members Difference p-value

Percent 
or Mean

Lower 
Bound 
(95%)

Upper 
Bound 
(95%)

Percent 
or Mean

Lower 
Bound 
(95%)

Upper 
Bound 
(95%)

Percent with Opioid 

Prescriptions

13.64% 12.60% 14.67% 7.89% 7.07% 8.71% −5.74% <0.001

Number of Opioid 

Prescriptions per 100

22.36 19.99 24.73 16.73 14.11 19.36 −5.63 0.002

Table 5 Regression Model Results for Members versus PT Patients

Post Period Outcomes Unadjusted Adjusted

OR or 
Beta

Lower Bound 
(95%)

Upper Bound 
(95%)

OR or 
Beta

Lower Bound 
(95%)

Upper Bound 
(95%)

Opioid Prescriptions Initiation 0.54** 0.47 0.63 0.52** 0.45 0.60

Number of Opioid Prescription 

per 100

−5.63* −9.16 −2.09 −6.40** −9.88 −2.93

Note: *p<0.01; ** p<0.001.
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