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Abstract

Background: Musculoskeletal conditions are among the main contributors to the globa burden of disease. International
guidelines consider patient education and movement exercises as the preferred therapeutic option for unspecific and degenerative
musculoskeletal conditions. Innovative and decentralized therapeutic means are required to provide access to and availability of
such care to meet the increasing therapeutic demand for this spectrum of conditions.

Objective: Thisretrospective observational study of preliminary use and outcome data explores the clinical outcomes of Vivira
(hereafter referred to as* program”), a smartphone-based program for unspecific and degenerative pain in the back, hip, and knee
before it received regulatory approval for use in the German statutory health insurance system.

Methods: Anincomplete matched block design was employed to assess pain score changes over the intended 12-week duration
of the program. Post hoc analyses were performed. In addition, a matched comparison of self-reported functional scores and
adherence rates is presented.

Results: A total of 2517 participants met the inclusion criteria and provided sufficient data to be included in the analyses.
Overall, initial self-reported pain scores decreased significantly from an average of 5.19 out of 10 (SD 1.96) to an average of
3.350ut of 10 (SD 2.38) after 12 weeks. Post hoc analysesindicate a particularly emphasized pain score reduction over the early
use phases. Additionally, participants with back pain showed significant improvementsin strength and mobility scores, whereas
participants with hip or knee pain demonstrated significant improvements in their coordination scores. Across all pain areas and
pain durations, a high yet expected attrition rate could be observed.

Conclusions: Thisobservational study providesthefirst insightsinto the clinical outcomes of an exercise program for unspecific
and degenerative back, hip, and knee pain. Furthermore, it demonstrates a potential secondary benefit of improved functionality
(ie, strength, mobility, coordination). However, asthis study lacks confirmatory power, further research isrequired to substantiate
the clinical outcomes of the program assessed.

Trial Registration: German Clinical Trials Register DRK S00021785; https://drks.de/search/en/trial/ DRK S00021785

(JMIR Mhealth Uhealth 2022;10(12):e38649) doi: 10.2196/38649
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Introduction

Musculoskeletal conditions (MSCs) are among the most
important contributors to the global burden of disease [1]. As
the most prevalent disorders among working populations, they
not only contribute greatly to direct but also to indirect health
care costs [2]. At the same time, the access to and availability
of adeguate therapeutic means for the MSC spectrum remain
challenging [3]. Yet, it hasrepeatedly been shown that different
kinds of physical activity (PA), especially structured exercise
programs, effectively address certain kinds of MSCs. This
particularly applies to unspecific and degenerative
muscul oskeletal pain (M SP) [4-6].

PA has been studied in numerous digital health intervention
studies far beyond the clinical spectrum of MSC. A recent
meta-analysis by Monninghoff et a [7] showed that PA
(measured as waking standardized mean difference,
moderate-to-vigorous physical activity standardized mean
difference, total physical activity standardized mean difference,
and energy expenditure standardized mean difference) could
be improved at the end of the intervention. Neverthel ess, effect
sizes decreased over timein the 33 studies reporting short-term
and in the 8 studies reporting long-term (ie, postintervention)
follow-up. Additionally, effect sizes were moderated by the
study population, with higher effect sizes in sick and at-risk
populations (ie, sedentary, older, overweight), indicating the
higher impact of digital health interventionsfor such populations
and the necessity to evaluate digital health interventions in
respective clinical settings thoroughly.

Focusing on PA changes in patients with chronic MSP, a
meta-analysis by Oliveira et al [8] found that PA interventions
compared to no or minimal interventionsin patientswith chronic
muscular pain showed no significant improvement over
short-term, intermediate, or long-term follow-up. Most of these
studies delivered their intervention in a nondigital blended
approach consisting of an instructional part in a face-to-face
setting and an exercise part to be completed independently at
home. In comparison to the review by Ménninghoff et a [7],
only 1 study included in the review by Oliveiraet a [8] used a
digital component (web-based PA intervention over 9 weeks
that incorporated a baseline test; goal setting, time-contingent
physical activity objectives, and text messaging to promote
physical activity). However, therelatively low number of studies
included (8 randomized controlled trials) in Olivera et al [8]
may substantially limit this finding and highlights the need for
further studies investigating the effect of interventions on PA
in MSC patients and the added effect of using digital
components in interventions.

Textbox 1. Inclusion criteriafor this study.

Teepeet a

To address the outlined challenge, this study presents
preliminary use data of Vivira, a smartphone-based program
for unspecific and degenerative pain in the back, hip, and knee.
It also demonstrates early data on self-reported pain score
reductions and functional improvements, as well as data on
adherence to the program.

Methods

Study Design

This study presents observational data on the primary outcome
of overall pain score reduction and the secondary outcomes of
reporting interval-specific and stratum-specific pain score
reductions, functional improvement, and retention to the
program. Clinical outcomes are collected with self-reported
pain scores, assessed with a verbal-numerical rating scale
(VNRS), which has been established to be a reliable [9] and
valid instrument [10] to capture pain score intensity as a
participant-reported outcome measure. The primary hypothesis
test for ng pain score changesisanonparametric, 2-sided
Skillings-Mack test, outlined elsewherein detail [11]. In brief,
it allows the analysis of an unbalanced and incomplete block
design with relevant missing data by design or random. The
functional assessment is developed based on established
orthopedic functional tests and employs the principles of
functional regional interdependence [12-15]. To enable a
participant-directed self-assessment, these tests are presented
with audiovisual guidance. Resultsare entered on abinary scale
(ie, the test could be completed, or the test could not be
completed). In this study, through expert consensus of a panel
of orthopedic surgeons and physical therapists, the weighted
transformation of the functional tests was performed to compute
discrete functional scores. A Wilcoxon signed-rank test, a
Kruskal-Wallis test, and a 1-way ANOVA were used for
secondary analyses of pain and functional scores. Distributions
were assessed using the Bartlett test.

Corrections for familywise errors were performed using the
Bonferroni procedure. Retention was assessed based on whether
participants started to use the program (ie, completed at least 1
exercise) and submitted a complete pain assessment at
predefined thresholds (2 weeks, 4 weeks, 8 weeks, and 12
weeks). Participants were enrolled through a self-selection
process of voucher-based mass campaigns and early self-pay
subscriptions between January 9, 2018, and June 15, 2020.
Inclusion criteriaare outlined in Textbox 1. Additional dataon
the pain duration (ie, acute, <6 weeks, subacute, 6-12 weeks;
chronic, =12 weeks [16]) were collected to alow
stratum-specific analyses.

« Age=18years

«  Report of any applicable pain area (ie, upper back, lower back, hip, or knee)

« Initial pain score assessed with the verbal-numerical rating scale (VNRS) >0/10

o  Completion of at least 1 exercise during the study period

https://mhealth.jmir.org/2022/12/e38649
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Ethics Approval

This study received approval from the ethics committee of the
Landesdrztekammer Baden-Wirttemberg (state physician
chamber of Baden-Wirttemberg) under the reference
F-2020-075 and is registered with the German Clinical Trias
Register DRKS under the reference DRK S00021785.

Exercise Program and Composition of Exercise
Regimes

The program investigated was a smartphone-based application
that is Conformité Européenne (CE) marked and approved as
a medical device directive (MDD) class | medical device. It
consists of a series of gspecific exercises that include a

https://mhealth.jmir.org/2022/12/e38649
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multidimensional progression module. In brief, participants
were guided through apain and functional assessment at baseline
and were prompted to provide multiloop feedback (ie, after each
exercise, as well as on a weekly and monthly basis) as to
whether they could complete theindividual exercises presented
and whether these exercises caused any complaints. If a
complaint, primarily any pain sensation, was reported, the
progression module was paused, and theintensity of the exercise
program was reassessed. Overall pain score assessments were
collected every week, and a follow-up functional assessment
was prompted every month. Figure 1 presents a schematic
illustration of the baseline assessment (A-C) and the progression
module (D-G).
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Figure 1. Examples of the baseline assessment and the progression module. A. Patients are prompted to perform certain exercises with visual and
text-based aids. B. Pain and movement limitations are assessed. C. A baseline functional scoreis computed and used as the intraindividual benchmark
for further assessments. D. After the completion of any exercise, patients are required to report any pain sensations. E. If pain isreported, awarning is
issued. F. Patients can select whether they want to exclude the exercise from their training program, or whether they want to regressto an easier version
of the same exercise. G. The exercise program proceeds to the next exercise. "(...)" indicates that not all screens of the dialogue are shown.

A.

nm214

Movement Test

B. C.

ol T - M2z

wil T - m23v il T -

Movement Test

Movement Test

(..) |e

Statistical Analysis
Tests for Pain Reduction

The primary hypothesis test for assessing pain score changes
is a nonparametric, 2-sided Skillings-Mack test, which is
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particularly useful for an unbalanced and incomplete block
design or in the presence of missing data due to design or
missing at random. For self-reported pain scores, the number
of observations for the block, the median of the measurement,
and the standard deviation were reported for each
Skillings-Mack. We used the Bonferroni correction to control
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familywise errors and reported corrected apha levels. A
Wilcoxon signed-rank test, a Kruskal -Wallis test, and a 1-way
ANOVA were employed for secondary analyses of pain and
functional scores. Distributionswere assessed using the Bartlett
test. Corrections for familywise errors were again performed
by using Bonferroni correction.

Tests for Functional Scores

A time analysis was not feasible for functional scores, and
matched pairs were calculated. Based on a Shapiro-Wilk test,
a normal distribution could not be assumed. We used a
nonparametric method to analyze the functional scores shown.
Consequently, the hypothesis test used was a Wilcoxon
signed-rank test, and the IQR is reported. After adjustment for
familywise errors using Bonferroni correction, statistical
significance was assumed when the probability of atypel error
was P<.0167.

Assessment of Retention

Retention was assessed based on whether participants compl eted
at least 1 exercise and submitted a full pain assessment at
predefined thresholds (2 weeks, 4 weeks, 8 weeks, and 12
weeks). We hence report the proportions of theinitially included
study population.

Table 1. Baseline characteristics of the study population.

Teepeet a

Results

Study Population

As the study population at hand was enrolled prior to the
program being subject to a prescription by physiciansand other
authorized health care providers, the enrollment was primarily
based on self-sel ection through out-of-pocket pay or the use of
voucher codes, which were handed out through marketing
campaigns over the period of the data collection to evaluate the
program at hand. A total of 2517 participants (63% female,
mean age 47.08, SD 14.61 years) met the inclusion criteriaand
provided at least 2 data points necessary for the intraindividual
control over 12 weeks. Measurements were collected after 2,
4, 8, and 12 weeks of use. Demographic characteristics on age
and sex were collected to investigate differences of age groups
inpain duration (ie, acute, subacute, chronic, not specified) and
pain area (ie, lower back, upper back, hip, knee). Baseline
demographics are displayed in Table 1. At baseline, 1864
(74.06%) patients did not receive physiotherapy in addition to
Vivira, while 653 (25.94%) received physiotherapy in addition
to Vivira. Moreover, 2023 (80.37%) patientsreported at baseline
that they did not take any pain medication, while 494 (19.63%)
reported that they took pain medication.

Characteristics Reported pain area

Reported pain duration

Lower back, n  Upper back,  Hip, Knee, n Acute, n Subacute, n Chronic, n Not speci-
%) n (%) n (%) ) ) (%) (%) fied, n (%)
Age
18-35 312 (24.4) 196, (42.8)  58(18.6) 148(31.6) 110(37.9) 85(36.3) 243 (26.2) 276 (25.9)
36-45 255 (20) 71 (15.5) 52 (16.7) 58(12.4) 59(20.3)  46(19.7) 145 (15.6) 186 (17.5)
46-55 340 (26.6) 118 (25.8) 94 (30.1) 87(18.6) 69(23.8) 48(205) 236 (25.4) 286 (26.9)
56-65 268 (21) 46 (10) 82(26.3) 126(26.9) 38(13.1) 36(15.4) 230 (24.8) 218 (20.5)
66-75 82 (6.4) 23(5) 22(7.1) 45(96) 13(45)  18(7.7) 68 (7.3) 73(6.9)
75+ 15(1.2) 2(0.4) 4(1.3) 4(0.9) 1(0.3) 1(0.4) 6 (0.6) 17 (1.6)
Not available® 6(0.5) 2(0.9) _b 1(0.2) — — — 9(0.8)
Sex
Female 770 (57) 318 (69.4) 211 (67.6) 287(61.2) 182(62.8) 138(59) 638 (68.8) 628 (59)
Male 580 (43) 140 (30.6) 101 (32.4) 182(38.8) 108(37.2) 96 (41) 290 (31.3) 437 (41)

3ot available because some patients did not provide their age when asked in the initial interaction.

bNo patients in the population with this specification existed.

Overall Pain Reduction

We saw a substantial reduction in self-reported pain scores
across 2, 4, 8, and 12 weeks (t,5,6=2728.27, P=.03).

Self-reported pain scoresat the start were, on average, 5.19 (SD

https://mhealth.jmir.org/2022/12/e38649

1.96) out of 10; after 2 weeks, 3.72 (SD 2.06) out of 10; after
4 weeks, 3.39 (SD 2.35) out of 10, after 8 weeks, 3.19 (SD 2.44)
out of 10; and after 12 weeks, 3.35 (SD 2.38) out of 10. These
differences are illustrated in Figure 2 and described in Tables
2and 3.
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Figure 2. Average self-reported pain score for each retention period for al pain areas. Centerline (green), median; boxplot limits, upper and lower
quartiles; whiskers, 1.5x IQR; points, outliers; P<.05 =* for the Skillings-Mack Test. Skillings-Mack Test for Initial, Week 2, Week 4, Week 8, Week
12. To516=2728.27, T<.05
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Table 2. Self-reported pain scores and changes across indication subsets and reported pain duration by retained days.

Pain Area Lower Lower Lower Lower back Lower Upper  Upper  Upper back  Upper back  Upper back
back back back back back back

Pain duration All Acute  Subacute  Chronic Not speci-  All Acute  Subacute Chronic Not speci-

fied fied

Initial, n (%) 1278 144 (4) 107 (3) 443 (13) 584 (17) 458(13) 74(2) 50(1) 170 (5) 164 (5)
(37)

Initial, mean (SD)  5.33 4.47 5 (1.54) 537(184)  557(213) 519 457 496(1.74) 515(1.73) 557(1.93)
(1.98)  (L76) (1.84) (L76)

Week 2, n (%) 202(36) 30(5 26(5) 120 (21) 26 (5) 81(14) 15(3) 15(3) 47 (8) 4(1)

Week 2, mean 3.97 323 354 (L73) 4.2(2.05) 419(2.02) 3.65 313 427(222) 357(193) _a

(SD) (2049 (21 (211) (253

Week 4, n (%) 119(36) 16(5) 17(5) 69 (21) 17 (5) 46(14) 11(3) 41 26 (8) 5(2)

Week 4, mean 363 2.19 371(1.99) 412(239) 294277 291 318 — 2.81(2) —

(SD) (2.38)  (L56) (203)  (1.89)

Week 8, n (%) 57(39) 10(7) 43 39 (26) 4(3) 17(11) 4@ 2(1) 9(6) 2(1)

Week 8, mean 358 26 — 4(2.52) — 3.65 — — 3(2.4) 9(1.41)

(SD) (241) (212 (2.98)

Week 12,n (%)  33(39) 5(6) 3(4) 23(27) 2(2) 9(11) 0(0) 0(0) 7(8) 2(2)

Week 12, mean ~ 4.12 2.8 — 435(262) — 3.67 — — 2.86(204) —

(SD) (2.63) (3.27) (2.5)

SMPtestvalue ~ 136113 15639 115.34 523.17 571.83 48745 — — 187.02 159.81

SM degrees of 1271 143 106 439 580 457 — — 169 163

freedom

SM adjustedval- 0.8 0.9 0.9 0.07 0.9 0.9 — — 0.9 0.9

ues®

3o sufficient data was available to calculate the statistics.
bSM: Skillings-Mack.
®The adjusted P values were calculated using Bonferroni corrections.
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Table 3. Self-reported pain scores and changes across indication subsets and reported pain duration by retained days.

Pain Area Hip Hip Hip Hip Hip Knee Knee Knee Knee Knee
Pain duration  All Acute Subacute Chronic  Not specified  All Acute Subacute  Chronic Not specified
Initial, n (%) 62 (23) 6(2 11(4) 42(16)  3(1) 73(27) 9(3) 10 (4) 51 (19) 3(1)
Initia, mean  3.87(2.08) 3(2) 4.09 3.93 _a 297(1.91) 222(156) 3.8(1.32) 3.06(2.01) —
(SD) L9 (212

Week 2,n (%) 44 (24) 2(1) 8@©® 33(18) 1(1) 46 (26) 3(2 6(3) 31(17) 6 (3)
Week 2, mean 3.93(2.43) — 4(151) 39 — 272(233) — 1(0.89) 297 (2.24) 4(3.03)
(Sb) (2.73)

Week 4,n (%) 23 (23) 200 44 1717 — 27 (27) 1(1) 202 22(22) 202
Week 4, mean 3.04 (2.46) 0.5 3.75 3.18 — 222(191) — — 241(2.02) —
(SD) (0.71) (2.99) (2.39)

Week 8,n (%) 7(13) 12 12 4(8) 1(2 19 (37) 2(4) 3(6) 14 (27) 0(0)
Week 8, mean 3.14 (2.04) — — — — 1.95(1.18) — — 1.93(1.33) —
(SD)

Week 12, n 7(13) 1(2 1(2 4(8) 1(2 19 (37) 24 3(6) 14 (27) —
(%)

Week 12, 314 (204 — — 2.75 — 195(1.18) — — 193(1.33) —
mean (SD) (2.06)

SMPtestvalue 353.05 — — 17465  — 508.86 — 48,58 217.42 —
SM degreesof 311 — — 137 — 467 — 47 175 —
freedom

SM adjusted 0.9 — — 0.35 — 0.9 — 0.9 0.34 —
values®

3o sufficient data was available to calculate the statistics.
bSM: Skillings-Mack.
®The adjusted P values were calculated using Bonferroni corrections.

Post Hoc Analysis Comparison of Sequential Data
Entry Points

We calculated further post hoc tests to investigate the effect of
different assessment times and, consequently, different durations
of exposure to the program. We used the Bonferroni method to
adjust for familywise errors. First, we calculated a Wilcoxon
signed-rank test to investigate to what degree a change in pain
reduction occurred in participants that provided self-reported
data at the initial assessment and after using the home exercise
program for 2 weeks. We found asignificant difference between
the initial assessment (median 5) and the assessment after 2
weeks (median 4; t4,,=8219.5, P<.001). Second, we calcul ated
aKruskal-Wallistest showing that the self-reported pain values
differed significantly between the initial (median 5), 2-week
(median 3), and 4-week assessments (median 3; t,4,=60.56,
P<.001). Third, we caculated a Kruskal-Wallis test showing
that the self-reported pain values differed significantly between
theinitial (median 4), 2-week (median 3), 4-week (median 3),

https://mhealth.jmir.org/2022/12/e38649

and 8-week assessments (median 3, tg=25.16, P<.001). Findly,
as this subsample was normally distributed and had an equal
variance as indicated by Bartlett test, we calculated a 1-way
ANOVA showing a nonsignificant difference in self-reported
painfor theinitial (mean 4.62, SD 2.12), 2-week (mean 3.5, SD
2.39), 4-week (mean 3.2, SD 2.48), 8-week (mean 2.8, SD 2.44),
and 12-week (mean 2.66, SD 2.51) assessments (F,3=2.51,
P=.18). Figure 3 illustrates these findings and highlights that,
given theretention outlined bel ow, shorter exercise periodsal so
showed an overall clinical outcome on pain score reduction.
Finally, we investigated whether the initial pain score differed
for patients completing the intervention (providing afinal data
point after 12 weeks) and for patientswho did not complete the
intervention. Using a Mann-Whitney U rank test, we found no
significant difference between the reported initial pain of the
group providing a data point after 12 weeks (n=68, median 5)
and the group providing no data point after 12 weeks (n=2449,
median 5; U=79470, P=.516).
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Figure 3. Post hoc results for self-reported pain scores when comparing different assessment times. Centerline (green), median; boxplots limits, upper
and lower quartiles; whiskers, 1.5x IQR; points, outliers; P valuesfor the Wilcoxon signed-rank test (initial and 2 weeks), the Kruskal-Wallistest (initial,
2 and, 4 weeks and initial, 2, 4, and 8 weeks), and the 1-way ANOVA (initia, 2, 4, 8, and 12 weeks) are displayed on the line.
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Stratum-Specific Changesin Pain Intensity

After dratifying the available data for pain area and pain
duration asasecondary analysis, we saw acomparabl e response
pattern across all pain areas. Participants with lower back pain
reported areduction in their initial pain score from 5.33t04.12
after 12 weeks of exercises (t;,7,=1361.13, P=.80). The

https://mhealth.jmir.org/2022/12/e38649
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subpopulation of participantswith chronic lower back pain saw
amarked improvement from 5.37 t0 4.35 (t434=523.17, P=.07).
Similarly, participantswith upper back pain reported areduction
of their pain intensity from 5.19 to 3.67 after completing the
exercise program (t,5,=478.45, P=.90). The pain score change
in participants with hip pain was on a comparable tragjectory;
we saw a reduction from a baseline pain score of 5.21 to 3.14
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after 12 weeks (t31,=353.05, P=.90). Finally, participants with
knee pain saw an improvement from a baseline of 4.8 to 1.95
after completing the exercise program (t,5;=508,86, P=.90). As
the employed Skillings-Mack test cannot provide values for
lacking blocks, no substratum analyses for acute and subacute
upper back pain, acute, subacute, and nonspecified hip pain,
and acute and nonspecified knee pain could be reported (Tables
2-3, Multimedia Appendix 1).

Functional Scores

Another secondary outcome was to assess the improvement of
a set of functional scores. The lower and upper back showed
significant improvement in strength and mobility and total
functional score (Table 4). Thisfinding isconsistent with overall
intervals of available submitted scores studied, except for the
upper back, which did not have asignificantly improved strength
score between participants’ first and fourth submissions (Table
5). For coordination, the upper back and lower back did not
show significant improvement across any intervals of submitted
scores studied, except for the upper back between the first and
fourth submissions of functional scores, where a significant
improvement in coordination score was observed (Table 6). The
knee and hip showed a significant improvement in mobility

Table 4. Total functional score for matched comparison and pain area.

Teepeet a

(Table 5) and coordination (Table 6), aswell astotal functional
(Table 3) score between the first and second submission of
functional scores. However, they did not show a significant
improvement in strength across any completed submission
(Table 3). For the hip and knee, no significant improvement
could be shown for mobility (Table 5), coordination (Table 6),
and total functional score (Table 3) could be shown between
thefirst and third and first and fourth submissions of functional
SCOres.

For coordination, the upper back and lower back did not show
significant improvement across any intervals of submitted scores
studied, except for the upper back between the first and fourth
submission of functiona scores, where a significant
improvement in coordination score was observed (Table 6). The
knee and hip showed a significant improvement in mobility
(Table 6) and coordination (Table 7), aswell astotal functional
(Table 4) score between the first and second submission of
functional scores. However, they did not show a significant
improvement in strength across any completed submission
(Table 4). For the hip and knee, no significant improvement
was shown for mobility (Table 6), coordination (Table 7), and
total functional score (Table 4) between the first and third and
first and fourth submissions of functional scores.

Matched comparison and painarea Painarea, n  Retained days, median (IQR) Initial, median (IQR)  Last, median (IQR) Test
First and second entry
Lower back 132 29 (20.5-38.5) 60 (43-75) 71.5 (53-81.5) P<.001
Upper back 38 29 (20.5-38.5) 65 (43-80) 71.5 (60-83) P<.001
Hip 40 29 (20.5-38.5) 67 (43-77) 70 (55-80) P<.05
Knee a7 29 (20.5-38.5) 70 (50-83) 80 (57-87) P<.01
First and third entry
Lower back 48 59 (48-80) 60 (43-75) 78.5 (60-87) P<.001
Upper back 15 59 (48-80) 65 (43-80) 73 (63-87) P<.05
Hip 16 59 (48-80) 67 (43-77) 60 (41.5-81.5) P=.0525
Knee 20 59 (48-80) 70 (50-83) 80 (73-83) P=.0348%
First and fourth entry
Lower back 25 88.5 (72-112) 60 (43-75) 80 (67-87) P<.05
Upper back 8 88.5(72-112) 65 (43-80) 81.5 (67-96.5) P<.05
Hip 5 88.5 (72-112) 67 (43-77) 67 (63-80) P=.0625
Knee 13 88.5 (72-112) 70 (50-83) 80 (73-87) P=.1592

#Due to adjustments to the P level (Bonferroni correction), these values are not significant.
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Table5. Strength functional score for matched comparison and pain area.

Teepeet a

Matched comparison and pain area  Pain area, n

Retained days, median (IQR)

Initial, median (IQR)

Last, median (IQR) Test

First and second entry

Lower back
Upper back
Hip
Knee

First and third entry
Lower back
Upper back
Hip
Knee

First and fourth entry
Lower back
Upper back
Hip

Knee

132

38

40

47

48
15
16

20

25
8
5
13

29 (20.5-38.5)
29 (20.5-38.5)
29 (20.5-38.5)

29 (20.5-38.5)

59 (48-80)
59 (48-80)
59 (48-80)

59 (48-80)

88.5 (72-112)
88.5 (72-112)
88.5 (72-112)
88.5 (72-112)

60 (30-80)
60 (40-80)
60 (40-100)

70 (50-90)

60 (30-80)
60 (40-80)
60 (40-100)

70 (50-90)

60 (30-80)
60 (40-80)
60 (40-100)
70 (50-90)

70 (40-100) P<.001
70 (60-100) P<.05

80 (55-100) P=.0213%
80 (60-100) P=.0249%
80 (60-100) P<.001
80 (60-100) P<.05

60 (45-95) P=.0498%
80 (60-100) P=.0797
80 (60-100) P<.05

80 (50-100) P=.1250
60 (60-80) P=.3125
90 (60-100) P=.0938

3Due to adjustments to the P level (Bonferroni correction), these values are not significant.

Table 6. Mobility functional score for matched comparison and pain area.

Matched comparison and pain area  Pain area, n

Retained days, median (IQR)

Initial, median (IQR)

Last, median (IQR) Test

First and second entry
Lower back
Upper back
Hip
Knee

First and third entry
Lower back
Upper back
Hip
Knee

First and fourth entry
Lower back
Upper back
Hip

Knee

132
38
40
47

48

15

16

20

25

13

29 (20.5-38.5)
29 (20.5-38.5)
29 (20.5-38.5)
29 (20.5-38.5)

59 (48-80)
59 (48-80)
59 (48-80)
59 (48-80)

88.5 (72-112)
88.5 (72-112)
88.5 (72-112)
88.5 (72-112)

60 (47.5-80)
62.5 (50-75)
60 (45-77.5)
60 (50-80)

60 (47.5-80)
62.5 (50-75)
60 (45-77.5)
60 (50-80)

60 (47.5-80)
62.5 (50-75)
60 (45-77.5)
60 (50-80)

70 (55-80) P<.001
70 (60-90) P<.001
70 (50-80) P<.05
70 (55-85) P<.01
75 (60-85) P<.01
75 (60-90) P<.05
65 (40-82.5) P=1187
80 (72.5-82.5) P=.1191
70 (65-90) P<.05
82.5 (75-95) P<.05
70 (65-70) P=0625
80 (70-85) P=.2695
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Table 7. Coordination functional score for matched comparison and pain area.

Teepeet a

Matched comparison and pain area  Pain area, n Retained days, median (IQR)  Initial, median (IQR) Last, median (IQR) Test
First and second entry
Lower back 132 29 (20.5-38.5) 70 (40-80) 80 (55-80) P=.2806
Upper back 38 29 (20.5-38.5) 80 (50-80) 80 (60-100) P=.0585
Hip 40 29 (20.5-38.5) 60 (35-80) 80 (50-85) P<.05
Knee 47 29 (20.5-38.5) 60 (40-80) 70 (50-80) P<.05
First and third entry
Lower back 48 59 (48-80) 70 (40-80) 80 (60-100) P=.2187
Upper back 15 59 (48-80) 80 (50-80) 80 (60-100) P<.05
Hip 16 59 (48-80) 60 (35-80) 70 (50-90) P=1717
Knee 20 59 (48-80) 60 (40-80) 80 (60-80) P=.0885
First and fourth entry
Lower back 25 88.5 (72-112) 70 (40-80) 80 (80-80) P=.6509
Upper back 8 88.5 (72-112) 80 (50-80) 80 (60-100) P=.0938
Hip 5 88.5 (72-112) 60 (35. 80) 80 (60-100) P=.0625
Knee 13 88.5 (72-112) 60 (40-80) 80 (70-80) P=.2422
Retention the lossto follow-up patterns could be detected. However, total

Asathird secondary analysis, the retention rate for the program
at hand was examined. The overal retention rate was 17% after
2 weeks, 10% after 4 weeks, 4% after 8 weeks, and 3% after
12 weeks (Table S1 in Multimedia Appendix 1). This high
attrition was present in all subpopulations, and no differencein

https://mhealth.jmir.org/2022/12/e38649

RenderX

attrition could be observed in participantswith painin the lower
back and nonspecified pain duration, upper back with acute and
subacute pain durations, and knee with a nonspecified pain
duration (Table S1 in Multimedia Appendix 1). Nonetheless,
we noticed a tendency toward higher retention rates among
participants with chronic pain (Figure 4).
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Figure 4. Retention rate for different pain areas and durations.
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Discussion

A Digital Home Exercise Program Can Lead to
Significant I mprovementsin Pain Scores

Because exerciseisknown to effectively address unspecific and
degenerative muscul oskel etal pain [4-6], adigitally guided home
exercise programwasapriori considered apractical therapeutic
intervention to address this spectrum of conditions. The overall

https://mhealth.jmir.org/2022/12/e38649
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analysis of the data set supports this assumption and shows a
significant improvement in self-reported pain scores based on
a VNRS (Figure 2, Table 2). Although the presented
observationa datado not yield confirmatory power, we consider
the improvement of self-reported pain scores an effect of the
home exercise treatment and not an indicator of spontaneous
improvement. This consideration is based on prior research
demonstrating a lower-than-expected rate of spontaneous
improvement for MSPin general and for back painin particular
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[17]. Thesefindingswere particul arly emphasi zed in participants
with established or chronic pain [18]. Hence, participants with
chronic pain were greatly overrepresented in our study
population, at 36.9% (N=928) at baseline and 70.6% (n=48)
after 12 weeks of follow-up, compared to an expected
prevalence of chronic back pain of 15.5% in the source
population [19], so we deem this interpretation applicable.
Additional post hoc analyses showed significant improvements
between theinitial and 2-week assessments, theinitial, 2-week,
and 4-week assessments, and the initial, 2-week, 4-week, and
8-week assessments. Yet, they failed to show significant
improvements between all assessment time points (Figure 4).
We conclude from these analyses that an indicator for an overall
improvement in pain scoresis given and that shorter periods of
exposure to the home exercise program yielded significant pain
score improvements over the abbreviated time points (ie, up
until 8 weeks). Nevertheless, conclusions based on this data set
warrant careful interpretation, as a high attrition rate is prone
to bias.

Secondary Analyses of Subpopulations Did Not Yield
Relevant Pain Score Reductions

An exploratory dtratification across different pain areas (ie,
upper back, lower back, hip, and knee) and different pain
durations (ie, acute, subacute, and chronic pain) did not
significantly improve the pain scores reported. However,
repeated corrections for familywise errors were required to
perform thisanalysis correctly. Therefore, asignificantly lower
alpha level had to be applied. From the insignificant
improvements, however, we saw a tendency toward a relevant
improvement in pain scores for lower back (P=.039), hip
(P=.05), and knee (P=.088). These data suggest amore nuanced
response to ahome exercise program across different pain aress.
However, the avail able data did not provide a sufficient density
to investigate thisissue thoroughly.

Functional | mprovements Showed a Differential
Pattern

Except for hip and knee, significant improvements in strength
and mability could be detected between thefirst and the second
assessment of the functional ability. However, participantswith
hip and knee pain showed a significant response in terms of
increasing their coordination. Thisindicates a secondary benefit
of the examined program. Interestingly, participants with lower
back pain showed a particularly sustained response over an
extended period (median follow-up of 88.5 days, IQR 72-112)
in the dimensions of strength and mobility. We interpret this as
anindicator of adifferential functional responseto the respective
exercise programs. Because the transformation of the functional
test results (ie, the test could be completed successfully or the
test could not be completed successfully) into a discrete score
(ie, mohility, strength, coordination, and total score) was solely
based on expert consensus, a thorough validation of the
assessment is required. Therefore, a careful interpretation of
theseresultsiswarranted because of the limited data availability.

https://mhealth.jmir.org/2022/12/e38649
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Retention Rates Were Within the Expected Range of
a Digital Therapeutic

Retention ratesto digital therapeutics have proven to show both
high attrition to use and attrition to follow-up. For example,
Baumel et al [20] reported an average adherenceto mental health
digital therapeutics of <10% after 30 days of use. Similarly,
Fleming et a [21] presented asystematic review on theintensity
of digital therapeutics use in mental health and reported a
sustained use (ie, completion of a program or continuation for
more than 6 weeks) between 0.5% and 28.6%. The retention
ratesin this study were within this spectrum; only the spectrum
of hip pain reached a retention rate of 14% after 4 weeks and
exceeded the expected range. After 12 weeks (ie, upon
completion of the exercise program), an average retention rate
of 3% was demonstrated.

The low retention to digital therapeutics demonstrates a key
challenge for evaluation, as insufficiently reported outcome
datalimit theinterpretability of the clinical outcomes obtained.
This circumstance mandates further research on how participant
behavior (ie, continuation or discontinuation of the exercise
regime as prompted) relates to retention to a study and,
consequently, the clinical value of digital therapeutics.

Limitations

Because this study was based on participant-initiated enrolIment
and self-reported data, a number of limitations need to be
discussed. Regarding the study population, we saw an
overrepresentation of female participants. Comparable studies
have presented similar sex distributions when allowing for
self-selection of participation but have not concluded on the
potential implications of this imbalance. A potential,
nonexhaustive explanation could liein the differential awareness
of health and information—seeking behavior for health-related
questions, which favors women to discover and adopt offered
health care servicesmore quickly [22]. Additionally, participants
with chronic pain were overrepresented in our study population.
This leads to our understanding that the therapeutic effects
observed were plausibly due to the program examined and not
dueto the natural course of the spectrum of conditions studied.

Nonetheless, the drivers and potential implications of this
imbalance remain unclear. In addition, the self-assessed and
self-reported outcome data are subject to acertain interindividual
difference. However, the VNRS employed has been shown to
be particularly applicable in a day-to-day setting [10], valid
[9,23], and reliable [9]. This, however, does not apply to the
functional assessments employed. Although al assessments
were based on a set of validated orthopedic tests, the
transformation of the binary assessment into a discrete scale,
asoutlined earlier in thisreport, has only been validated through
an expert panel review and lacks quantitative validation. Overall,
we see avalid indication for atherapeutic benefit of the program
assessed but acknowledge that the presented data warrant a
careful interpretation.

Comparison With Prior Work

The clinical outcomes of interventions in genera (ie, without
a key digital component) to improve PA was reviewed in a
meta-analysis showing no significant short-term, intermediate,
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or long-term improvements [8]. Studies focusing specifically
on digital health interventions have been reviewed in different
studies. One systematic review investigating the adherence to
digital interventionsaiming to increase PA in patientswith MSP
showed no significant difference in adherence to exercises
between conventional and therapeutic exercises (standardized
mean difference 0.23, 95% CI —0.10 to 0.57) [24]. Another
systematic review focusing on digital health interventions
clinical outcomes addressing M SCs showed significantly better
resultsfor digital therapeuticsthan the control [25]. Two studies
[26,27] included in the review had a similar focusto this work.
However, these studies were randomized controlled trials and
did not investigate clinical outcomesin area-world setting.

Conclusions

Innovative therapeutic means are required to address the
increasing burden of disease from MSCs. This study presents
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