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Background: There is limited research on whether digital interventions can prevent acute or subacute pain from developing into 
chronic pain. This observational study’s primary objective examined whether chronic pain was more likely to be prevented in digital 
acute MSK program participants than nonparticipants. An exploratory objective was time to pain relief for program participants versus 
nonparticipants.
Patients and Methods: The intervention group participants conducted video visits with physical therapists and were recommended 
exercise therapies and educational articles delivered through an app dedicated to addressing musculoskeletal (MSK) needs. This study 
used a multidimensional approach incorporating pain, function, depression, and anxiety scores to determine whether chronic pain 
prevention was achieved at 12 weeks. Descriptive analyses, unadjusted, and adjusted logistic regression were conducted. Time-to- 
event analysis was performed to compare the time to pain relief between groups.
Results: A total of 171 participants (intervention: 75, nonparticipants: 96) with baseline and 3, 6, and 12 week follow-up data were 
included in the sample. Baseline mean (SD) age was 44.2 (11.8) years and mean VAS pain was 43.3 (22.9), out of 100. Results showed 
significantly higher odds of achieving chronic pain prevention at 12 weeks in the intervention participants versus nonparticipants. After 
adjusting for age, pain region, registration month, number of weeks of pain experienced, and healthcare service use at 12 weeks, 20.5% 
of the intervention group and 5.5% of the nonparticipant group achieved chronic pain prevention. At 91 days, the probability of 
developing chronic pain was 77.7% for nonparticipants and 46.5% for intervention participants (p<0.001; Log rank test).
Conclusion: A digital acute MSK program may help to prevent chronic pain from developing among those with acute and subacute 
MSK needs. Study results also suggest that program participants achieve chronic pain relief sooner compared to nonparticipants.
Keywords: acute, chronic, musculoskeletal, pain, prevention, telemedicine

Introduction
Approximately 1.7 billion people have musculoskeletal (MSK) conditions worldwide, making it the biggest contributor 
to years lived with disability.1 MSK-related conditions, which include back and neck pain, osteoarthritis, rheumatoid 
arthritis, and gout, account for 19.1%, 17.1%, 10.6%, and 25.7% of all years lived with disability (YLD) in Europe, Asia, 
Africa, and the United States, respectively.2 In the United States alone, 100 million adults experience chronic pain, which 
can greatly affect an individual’s function, emotional and social well being, economics, and overall quality of life 
(QOL).3,4 Additionally, MSK conditions are one of the highest contributors to healthcare costs in the United States.5 

Chronic MSK pain is estimated to cost $560 to $635 billion per year with a loss of productivity,6 accounting for 30% of 
missed work days in 2018.7 One determinant to diagnosing MSK pain is the length of pain experienced. Acute pain is 
defined as pain that has been present for 4 weeks or less. Subacute pain lasts between 4 and 12 weeks, and chronic pain 
lasts for 12 weeks or more.8
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Acute pain that is not resolved early can develop into chronic pain. The transition from acute to chronic pain is complex 
and the mechanisms of this transition are not clearly defined.9 However, a systematic review shows a median of 26% of 
patients with acute low back pain (LBP) transitioned to chronic LBP.10 In another study, 32% of adults progressed from acute 
LBP to chronic LBP11 after 6 months, and 24–87% of adults with acute LBP had a recurrence within 1 year.12 The transition is 
also prevalent in youth, where 36% of children and adolescents progress from acute to persistent MSK pain.13

Although acute and chronic pain have differences with regard to time frame and pathophysiology, both share 
similarities with associated risk factors, such as genetics and psychological components. Additionally, both acute and 
chronic pain share similar treatment principles to decrease pain, improve functional mobility, and address potential 
psychological factors. Studies show that poorly managed acute pain is associated with a high prevalence of chronic pain 
and that treatment timing and type are imperative for chronic pain prevention.14 As a result, it is essential to mitigate the 
risk of this transition, as chronic pain can lead to declines in overall QOL, increases in healthcare utilization and costs, 
and potentially ineffective surgeries.9

Digital health interventions have been shown to improve pain and functional disability in the management of acute, 
subacute, and chronic MSK conditions.15 In a previous study, we found that participants of a digital acute MSK program 
showed significantly more pain and functional improvement by 12 weeks, compared to nonparticipants.16 However, to our 
knowledge, there have not been any studies evaluating whether digital interventions can resolve acute pain and prevent 
chronic conditions from developing. Due to its multifaceted and subjective nature, pain is often a complicated and difficult 
outcome to measure. Research has shown that using pain scores alone are inaccurate in evaluating overall improvement in 
acute treatment plans, in that one-dimensional pain ratings are unable to accurately capture the impact of pain on other 
aspects of life, such as function, sleep quality, or mental health.17 As a result, multidimensional pain measurement 
strategies, which combine biopsychosocial and functional factors in addition to pain scores, are recommended.14 By 
using a multidimensional pain measurement strategy, researchers are able to capture and incorporate multiple concepts of 
pain, including perceptions of pain relief, function, and psychological experiences (eg anxiety and depression).18

Thus, the primary objective of this study was to use a multidimensional measurement strategy consisting of pain, 
function, and psychosocial variables, to examine whether the transition to chronic pain was prevented at 12 weeks for 
participants of a digital acute MSK program against a nonparticipant comparison group. An exploratory objective was to 
compare the time to pain relief between the acute and nonparticipant groups. Findings of this study will contribute to the 
limited evidence base about the role of digital health in preventing acute MSK pain from developing into chronic pain.

Methods
A complete description of the study methods can be found in the previously published study.15 An abridged version is 
presented here.

Study Design
An observational, prospective cohort study comparing prevention of chronic pain in digital MSK acute program 
participants (herein, intervention group) to nonparticipants was conducted.

Acute Program
Developed by physical therapists (PTs), the objective of the acute program was to address participants’ acute or subacute 
MSK pain through virtual consultations, app-guided exercise therapy sessions, and education. Participants were able to 
access the acute program app through tablets or smartphones.

Participants started the acute program with a video visit with a licensed PT, who would learn more about the 
participant’s history and goals. The PT guided the participant through a series of movement tests to evaluate their current 
level of function. After the visit, the PT provided the participant with a plan consisting of recommended exercises and 
education articles that were accessible through the app.

The app provided the plan as “sessions”. Each session included exercises that were specific to acute back, knee, 
shoulder, hip, neck/upper back, elbow/wrist/hand, or ankle/foot pain. Sessions consisted of stretching, strengthening, and 
balance and mobility activities, based on the participant’s functional limitations and goals, and presented various 
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repetitions of each exercise (depending on the difficulty and type of exercise). As participants progressed through the 
acute program, a PT adjusted their exercises through changes in variation, number of repetitions, hold time, and/or use of 
resistance bands, to gradually advance them toward their goals. Once exercises for each session were completed, the app 
presented educational resources and articles about acute and subacute MSK pain-related topics. As a wholly virtual 
program, participants had the flexibility of choosing when and where to meet with PTs via video and complete sessions.

Participants
Each week between July and October 2021, study participants who met inclusion and exclusion criteria based on 
information provided in the application were identified. Inclusion criteria were age 18 years or older; back, knee, 
shoulder, hip, or neck pain; visual analog scale (VAS) pain score > 0; pain for less than 12 weeks; and covered by 
employer’s health plan. Exclusion criteria were signs of fracture, joint instability, infection, cancer, and cauda equina 
syndrome. Individuals who did not provide informed research consent or who had pain for more than 12 weeks were also 
excluded from the study.

The digital intervention group received an initial video visit with a PT and a published care plan. Nonparticipants 
applied for the acute program but were declined because their employers did not yet offer the acute program as a benefit. 
The nonparticipant sample was stratified on pain region (ie back, knee, shoulder, hip, neck). A propensity score match 
was conducted based on baseline pain and function. Participants were invited to complete an emailed survey 3 weeks 
after registration (nonparticipants) or video visit (intervention). Surveys were also sent at 6 weeks and 12 weeks after 
registration (nonparticipants) or video visit (intervention) to individuals who had completed the 3 week survey and 
agreed to be recontacted.

Ethical Considerations
The study was conducted in accordance with the Declaration of Helsinki and approved by WIRB-Copernicus Group 
Institutional Review Board (OHRP/FDA IRB registration number IRB00000533) at WIRB-Copernicus Group. Study 
participants acknowledged and provided research consent.

Variables
The following section describes outcomes, exposures, and covariates.

Outcomes
The primary outcome was chronic pain prevention, a dichotomous outcome defined as sustained pain relief by week 12. 
Those with pain relief met all of the following criteria: minimally clinically important difference (MCID) in pain from 
baseline, no more than mild pain, MCID in functional improvement, and no indication of depression or anxiety. Pain 
relief was measured at 3, 6, and 12 weeks, and those with fluctuating relief (eg met the above criteria at 3 and 12 weeks, 
but not at 6 weeks) were considered to have not achieved chronic pain prevention.

The following scales were used to define pain, function, and mental health. Pain was based on the question: “Over the 
past 24 hours, how bad was your [back/knee/shoulder/hip/neck] pain?” from 0 (none) to 100 (worst pain imaginable). 
A person achieved a MCID in pain improvement if they showed at least a 20 point decrease or a 30% improvement.19 

Participants who reported pain scores ≤34 were categorized as having mild pain.20

Function outcomes were dependent on pain location. We collected responses to the 11-item Roland Morris Disability 
Questionnaire (RMDQ-11, back only), Knee injury and Osteoarthritis Outcome Score Physical Function Short form 
(KOOS-PS, knee only), Hip disability and Osteoarthritis Outcome Score Physical Function Short form (HOOS-PS, hip 
only), Shoulder Pain and Disability Index (SPADI, shoulder only), and Neck Pain and Disability Scale short form (sf- 
NPAD, neck only). Next, we calculated the change from baseline to 12-week follow up. The dichotomous variable for 
MCID in functional improvement is defined to be as at least 30% improvement on the RMDQ-11;21,22 or 8 point 
improvement on the KOOS-PS;23–25 or 9.3 point improvement on the HOOS-PS;26,27 or 13 point improvement on the 
SPADI;28–30 or 12 point improvement on the sf-NPAD;31,32 or no limitations at follow up.
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Depression and anxiety scores were collected based on responses to the Patient Health Questionnaire 2-item (PHQ-2) 
and Generalized Anxiety Disorder 2-item (GAD-2) scales, respectively.

Confounders
Model covariates included registration month (July, August, September, October), age at baseline, pain region (back, 
knee, shoulder, hip, neck), weeks of pain, and use of healthcare services at 12 weeks (no/yes). The healthcare services 
were conservative care (eg, office visit with a doctor or a physical therapist), over the counter medications, prescription 
pain medications, and invasive procedures (eg, emergency department or urgent care center visit, overnight stay in 
a hospital, injections, or surgery).

Data Sources
Baseline data was acquired through the online application at program registration. Follow-up surveys and up to two 
reminders were emailed at 3, 6, and 12 weeks after registration (nonparticipants) or first PT video visit (intervention). 
Time until chronic pain relief was calculated by taking the difference in days between the completed survey date and the 
date of registration (nonparticipants) or first PT video visit (intervention). Respondents received gift cards for $20 at 3 
weeks, $25 at 6 weeks, and $35 at 12 weeks, for their participation.

Study Size
Sample size was based on detecting non-inferiority of the intervention versus nonparticipants at 6 weeks after registering 
or PT video visit. For VAS pain, a non-inferiority margin of 10 points was used because it is less than the 20 point 
reduction for MCID in pain improvement.15 Assuming standard deviations (SD) of 21.4 for pain,33 80% power, and 
a one-sided 2.5% significance level, the required sample size was 57 people per arm (n=114).

Statistical Analysis
Participants who completed the survey 3, 6, and 12 weeks after registration (nonparticipants) or video visit (intervention) 
were included in the study sample. Summary statistics were estimated for baseline characteristics of age, pain region, 
registration month and baseline pain. To evaluate differences between groups at baseline, t-tests and chi-square tests were 
conducted for continuous and categorical variables, respectively.

Unadjusted and adjusted logistic regression models were conducted to examine the association between group and 
chronic pain prevention. Covariates included baseline age, pain region, registration month, number of weeks of pain 
experienced, and healthcare service use at 12 weeks. Odds ratios (OR) and 95% confidence intervals (CIs) were 
estimated. Estimated predicted probabilities and marginal effects are presented. Time to event analysis was used to 
evaluate the time to pain relief between groups. Kaplan–Meier curves were used to show probabilities of developing 
chronic pain over time, and a Log rank test was used to compare treatment groups. A proportional hazards model was 
conducted to compare the association between time to pain relief between treatment groups. The primary analysis 
employed complete case analysis, ie, excluded cases with any missing values. All analyses were performed in R version 
4.0.5 (R Core Team, Vienna, Austria).

Results
Sample Characteristics
Table 1 shows baseline characteristics for nonparticipant and intervention groups. Overall, there were 75 participants in 
the intervention group and 96 nonparticipants. Other than age (intervention participants were older than nonparticipants, 
p=0.010), no significant differences were found between the two groups at baseline. The mean (SD) age of the total 
sample was 44.2 (11.8) years. At registration, the mean VAS pain was 43.3 (SD 22.9), out of 100. The largest percent of 
the sample registered for back pain (31.0%) and the smallest registered for hip pain (10.5%).
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Descriptive Results
12.5% (12 out of 96 participants) of the comparison group achieved chronic pain prevention compared to 38.9% (29 out 
of 75 participants) of the intervention group.

Main Results
Table 2 shows results from unadjusted and adjusted logistic regression models for chronic pain prevention. The odds of 
achieving chronic pain prevention by 12 weeks was higher for the intervention (OR: 4.41, 95% CI: [2.10, 9.76]) versus 
the nonparticipant group. After adjusting for age, pain region (back, knee, shoulder, hip, neck), weeks of pain, and use of 
healthcare services at 12 weeks, the estimated percentage who achieved chronic pain prevention was 15.0% higher in the 
intervention group than the nonparticipant group (Table 3).

In time-to-event analysis, results show that the intervention group had significantly shorter time to pain relief than the 
control group (Figure 1) (p<0.001; Log rank test). Probabilities of having unresolved chronic pain in nonparticipants 
were 95.8%, 87.5%, and 77.7% at 28, 49, and 91 days, respectively, compared to 85.3%, 61.3%, and 46.5% in 

Table 1 Baseline Characteristics (n=171)

Nonparticipants (n=96) Intervention (n=75) All (n=171) p-value

Age, mean (SD) 42.2 (11.9) 46.8 (11.1) 44.2 (11.8) 0.010

Baseline pain, mean (SD) 44.7 (23.8) 41.5 (21.8) 43.3 (22.9) 0.358

Pain region, n (%) Back 29 (30.2%) 24 (32.0%) 53 (31.0%) 0.244

Hip 10 (10.4%) 8 (10.7%) 18 (10.5%)

Knee 20 (20.8%) 13 (17.3%) 33 (19.3%)

Neck 25 (26.0%) 12 (16.0%) 37 (21.6%)

Shoulder 12 (12.5%) 18 (24.0%) 30 (17.5%)

Registration month, n (%) July 17 (17.7%) 18 (24.0%) 35 (20.5%) 0.429

August 26 (27.1%) 16 (21.3%) 42 (24.6%)

September 36 (37.5%) 23 (30.7%) 59 (34.5%)

October 17 (17.7%) 18 (24.0%) 35 (20.5%)

Abbreviation: SD, standard deviation.

Table 2 Logistic Regression Results Examining Chronic Pain Prevention by 12 Weeks in Unadjusted and Adjusted Models Comparing 
the Intervention Group to the Nonparticipant Group

Unadjusted Model (n=171) Adjusted Model (n=159)

OR 95% CI (Lower) 95% CI (Upper) OR 95% CI (Lower) 95% CI (Upper)

4.41 2.10 9.76 4.43 1.70 12.36

Abbreviation: OR, odds ratio.

Table 3 Adjusted Predicted Proportion of Groups Achieving Chronic 
Pain Prevention by 12 Weeks

Nonparticipants Intervention

Pr (chronic pain prevented) 5.5% (0.0%, 12.2%) 20.5% (1.3%, 39.6%)
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intervention participants. An adjusted analysis using proportional hazards regression found that intervention participants 
progressed faster towards pain relief than nonparticipants (Table 4) (HR: 2.83, 95% CI: [1.56, 5.13]).

Discussion
MSK pain has a significant impact on patients’ quality of life by limiting mobility and dexterity, interfering with sleep 
quality, and affecting mood and mental health.1,34 It is recommended that chronic MSK pain be treated through 
a multidisciplinary management approach, consisting of lifestyle modification, education, behavioral therapy, physical 
exercise, and other rehabilitative approaches.35 The studied digital MSK acute intervention program provides its users 
with a similar multidisciplinary approach and aims to prevent acute pain from worsening into chronic pain.

This study aimed to evaluate whether a digital MSK acute intervention program prevented acute pain from developing into 
chronic pain against a nonparticipant comparison group. Because of the complex nature of pain, MSK pain can be affected by 
both physical and psychological factors that can make it difficult to accurately define. As a result, several factors, including 
pain, function, depression, and anxiety, were taken into consideration in determining the prevention of chronic pain. 
Additionally, the study also evaluated the timeline in which chronic pain relief was achieved between the groups.

Our study showed that acute program participants were more likely to achieve prevention in chronic pain than 
nonparticipants. These results are consistent with research showing that early treatment of acute pain through physical 
activity may help prevent chronic pain. One study showed that those with LBP who were advised to stay active had half 
the rate of recurrence of LBP at one year compared to participants who were advised to rest.12 A separate study found 
that those with first time MSK pain in an early active intervention group had 8 times lower chance of developing chronic 

Figure 1 Kaplan–Meier curves for chronic pain prevention by 12 weeks.

Table 4 Proportional Hazards Regression Results Examining Time to Chronic Pain Prevention in Unadjusted and Adjusted Models 
Comparing the Intervention Group to the Nonparticipant Group

Unadjusted Model (n=171) Adjusted Model (n=159)

HR 95% CI (Lower) 95% CI (Upper) HR 95% CI (Lower) 95% CI (Upper)

3.19 1.88 5.43 2.83 1.56 5.13

Abbreviation: HR, hazard ratio.
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pain at 12 months, compared to those who experienced treatment as usual (rest for 2–3 weeks and sick leave).36 Results 
of another cohort study emphasized the importance of active exercise treatments in the prevention of LBP, finding that 
patients who had less than 1.45 active treatment sessions per week increased the one-year risk of recurrence by 82%.37

Our results found that after adjusting for multiple variables, 3.7 times more intervention participants achieved chronic 
pain prevention compared to nonparticipants (20.5% of intervention participants versus 5.5% of nonparticipants). While 
these numbers seem low compared to the literature reporting 26–32% of patients with acute LBP transition to chronic 
LBP,10,11 our study not only considered improvements in pain, function, and mental health outcomes as having pain 
relief, but also deemed those with sustained pain relief by week 12 as individuals who did not transition to chronic pain. 
Considering a variety of clinical outcomes in our definition of chronic pain may have resulted in more conservative 
estimates than studies who only considered pain-related outcomes.

Results from this study also indicate that those who participate in a digital MSK acute intervention achieve pain relief 
sooner than nonparticipants. The Kaplan–Meier curves show a statistically significant gap between the intervention and 
nonparticipant group in the 3 to 6 week time frame, emphasizing the effectiveness of the digital intervention. This is 
consistent with recent meta-analyses reporting that exercise is an effective treatment for both acute and subacute low 
back pain in the immediate term.38

To our knowledge, this is the first study to evaluate the effects of a digital intervention on preventing acute pain from 
transitioning into chronic pain. Additional study strengths include use of data from two prospective cohorts who were 
matched on similar age, pain, and pain region factors at baseline. Furthermore, this study included a comparison group, 
which is imperative considering the natural history and fluctuation of acute and subacute MSK conditions. Lastly, 
a variety of outcomes (pain, function, depression, anxiety) were considered when defining chronic pain prevention, and 
the program was evaluated in real world settings. Findings of this study are generalizable to a population with acute and 
subacute MSK pain with expressed interest in a digital acute MSK program.

This study also presents its limitations. As an observational study, we cannot establish causality of the intervention’s 
effect on chronic pain prevention. In addition, the intervention and nonparticipant groups differed in age at baseline. To 
address this, we controlled for measured variables in adjusted models. We observed significant associations between the 
digital intervention group and decreased chronic pain development, however, we could not account for unmeasured 
confounders, such as motivation. Intervention group participants may have been more motivated to manage pain and report 
pain improvement, which may bias results upwards. Furthermore, this study proposes a new, multidimensional approach for 
defining chronic pain prevention that is yet to be validated. But, our approach is consistent with recommendations in pain 
prevention literature that emphasize the complexity of pain and how it requires a more multifaceted, patient-tailored 
solution.3,14,39 By incorporating function and psychosocial factors, such as anxiety and depression, in our pain measurement 
strategy, this study expands past the one-dimensional definition of pain and is able to better capture its complexity.

Future research is needed on evaluating the effects of a digital MSK program on chronic pain prevention. To build on 
current findings, we recommend a larger study that incorporates more variables, such as sleep quality, motivation, 
education, and overall health, to construct an even more comprehensive definition of chronic pain. Future studies should 
also consist of a longer follow-up period where LBP recurrence is examined, as results after one year would be more 
meaningful in evaluating chronic pain resolution. Additional studies can also evaluate outcomes for each pain region (ie, 
back, knee, shoulder, hip, neck) separately.

Conclusion
The results of this study provide clinicians with encouraging evidence that a digital MSK program can help with patient 
needs and can serve as a potential intervention to their acute or subacute pain. Effective early interventions for prevention 
of chronic pain is imperative in maintaining or improving health, quality of life, and function. Additionally, such 
interventions could also be cost-effective by reducing the necessity of invasive and potentially ineffective solutions for 
chronic back pain. As a result, a digital MSK acute program can be used as an early intervention for prevention of 
chronic pain, as this study’s results suggest that not only are program participants more likely to prevent chronic pain by 
12 weeks, but they also achieve pain relief sooner than nonparticipants.
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