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The present randomized controlled trial aimed to investigate the effects of home-based
telemedicine with wearable devices and usual care on pain-related outcomes in patients with chronic
musculoskeletal pain, compared to usual care alone. The patients with chronic musculoskeletal pain
were randomly allocated to the usual care group or the telemedicine group, which participated in
telemedicine with wearable devices, the objective data from which were recorded, in conjunction with
usual care for six months. The primary outcome measure was the Numeric Rating Scale (NRS) for pain.
The secondary outcome measures were the Pain Catastrophizing Scale (PCS), Hospital Anxiety and
Depression Scale (HADS), Pain Disability Assessment Scale (PDAS), and EuroQol-five dimensions-
three level (EQ-5D-3L). Seventy-one participants were analyzed. At 1 and 3 months, there were no
significant differences in the NRS scores between the groups; however, the telemedicine group had
a significantly superior effect on all of the outcome measures at 6 months compared to the usual
care group. The number of steps and distance were significantly increased at 6 months compared
to baseline in the telemedicine group. Home-based telemedicine with wearable devices and usual
care has a modest effect on pain-related outcomes compared to usual care in patients with chronic
musculoskeletal pain.

This study was registered (UMIN000052994 - 04/12/2023).

Chronic musculoskeletal pain is defined as persistent or recurrent pain that affects various bones, joints, muscles,
and related soft tissues, or can be nonspecific'. Non-pharmacological self-management strategies, including
education and exercise, are recommended for the treatment of patients with chronic pain?~. Barriers to the use
of non-pharmacological treatments for chronic pain, however, include high costs, transportation problems, low
motivation, distress experienced from ongoing pain, and unsupportive relationships with clinicians®-%.

Telemedicine is the practice of medicine through electronic communication, information technology, or
other means, allowing a physician in one location to treat a patient in another location’. Telemedicine has
the potential to be an effective tool for delivering more frequent and timely healthcare to people with chronic
conditions from a distance, and for improving overall access to health care!’. Telemedicine for the treatment of
pain, in particular, focuses on self-management, physical activity, and education, with a duration of 6 weeks to 6
months!'!~13. In patients with chronic pain, telemedicine reduces pain-related outcomes, although the additional
effect on pain is limited, compared to usual care alone!!~13.

Physical activity is assessed during telemedicine visits for patients with chronic pain; however, some patients
may over- or under-report their self-monitored physical activity by as much as 50% of that documented by
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external monitoring!', or they may simply forget the activities they have performed. Commercial wearable
devices accurately measure physical activity'>!®, and physical activity-related variables have been investigated in
previous studies using Fitbit (Fitbit, Inc., San Francisco, CA, USA), some of the commercially available wearable
devices'>!®. The objective measurements of physical activity obtained by these devices can educate and motivate
individuals toward greater physical activity and better health!”!8, although they have no significant effect on
pain, functional tests, disability, quality of life, or fatigue in patientslg. Physical activity should, however, be
tailored to individual disabilities by clinicians'®, although the benefits of home-based telemedicine with wearable
devices have yet to be demonstrated in patients with chronic musculoskeletal pain.

The present randomized controlled clinical trial aimed, therefore, to evaluate the effects of home-
based telemedicine with wearable devices and usual care on pain-related outcomes in patients with chronic
musculoskeletal pain with a minimum duration of 6 months, as compared with usual care alone. The authors
hypothesized that home-based telemedicine with a wearable device would have an additional effect on pain-
related outcomes compared to usual care.

Methods

Study design and randomization

A randomized controlled trial design was established prior to the confirmatory study. The authors hypothesized
that telemedicine and usual care would be superior to usual care alone in the treatment of patients with
chronic musculoskeletal pain with an effect size of 0.7 for the primary outcome measure, based on previous
findings!!~1>1%2°, Based on this assumption, the sample size for a power >0.80 and a two-tailed a at a significance
level 0of<0.05 required a minimum of 68 subjects (34 subjects per group), as calculated using G*Power
(v3.1.9.2; Franz Faul, Universitit Kiel, Kiel, Germany). The protocol for the present study was registered (no.
UMIN000052994), approved by the ethics committee at Hayaishi Hospital (R2-10-30), and all study participants
provided written informed consent. The present study adhered to the CONSORT checklist for reporting clinical
trials. All methods were performed in accordance with the relevant guidelines and regulations.

A flowchart of this process is shown in Fig. 1. Because we expected a dropout rate of 10% with low
acceptance?!??, 76 consecutive patients with chronic musculoskeletal pain were randomly allocated, equally,
into the usual care or telemedicine group. The allocation was performed using block randomization by an
individual who was not involved in patient treatment. Allocation concealment was performed using the sealed
envelope technique.

Participants

Participants were recruited consecutively at our tertiary center between August 2020 and September 2021. The
inclusion criteria were as follows: (1) age >20 years; (2) persistent primary musculoskeletal pain of a minimum
duration of 6 months before entry into the study; and (3) a score >3 on a 10-point Numeric Rating Scale (NRS)
for subjective pain intensity. The exclusion criteria were as follows: (1) not willing to participate; (2) tumor-
related pain or neurological symptoms; (3) surgery within 3 months prior; and (4) taking medicine for the
treatment of dementia. Patients were, however, allowed to take regular long-term medications. All inclusion and
exclusion criteria were evaluated by the referring physicians.

Treatment

Throughout the present study, treatments were performed by orthopedic physicians and physical therapists. The
patients were instructed that they could stop treatment if their symptoms improved or if any problems occurred
during the study period.

All patients in both groups received usual care based on the recommendations from clinical practice
guidelines’™. In-person face-to-face treatments by orthopedists and physical therapists in the clinic were
performed once a month for 6 months. The treatment included advising the patient to remain active and providing
education and reassurance as first-line care. Physical therapy included exercise, active and passive mobilization,
and electro physical modalities, as necessary. If patients needed second-line care, non-pharmacological
treatment was attempted before pharmacological treatment. If pharmacological treatments were used, they were
administered at the lowest effective dose and for the shortest possible period by orthopedists who were blinded
to the randomization.

The telemedicine group received telemedicine using wearable devices and usual care. Telemedicine was
conducted for 20 min per session, every week, for 6 months, by a referring physical therapist. The patients
used a wrist-worn wearable device, the Fitbit Inspire HR (Fitbit, Inc., San Francisco, CA, USA)%, all day and
night. Data from the wearable devices were used for each telemedicine session, after which the patients were
directed to increase their physical activity by 10% the following week. If the participants did not increase their
physical activity, they were encouraged to repeat their goals the following week. The telemedicine visits focused
on supporting self-management and providing education!!~13. Patients were provided with information on
the neurophysiology of pain from a bio-psychosocial perspective and a rationale for treatment, as well as the
importance of exercise.

Exploratory outcomes

The exploratory outcomes recorded by the wearable device were as follows: number of steps; distance; duration
of light activity; duration of moderate and vigorous physical activity (MVPA); duration of sedentary time;
consumption of calories per activity; and duration of total, rapid eye movement (REM), light, and deep sleep.
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Fig. 1. Flow diagram of the randomized controlled clinical trial. Of 76, 71 participants (93.4%) completed the
study (usual care group: 34, versus telemedicine group: 37).

Outcome assessment

Outcome measures were evaluated at baseline and again at 1, 3, and 6 months after starting each treatment using
the following assessments: pain-NRS?*, Pain Catastrophizing Scale (PCS)?>2, Hospital Anxiety and Depression
Scale (HADS)?”8, Pain Disability Assessment Scale (PDAS)?’, and EuroQol-five dimensions-three level (EQ-
5D-3L)%031 The trial was single-blinded in that the patients were aware, but the assessors of the patient outcomes
were not, of the group the patient was randomized to.
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As a primary outcome measure, the pain-NRS was used to evaluate the severity of the patient’s pain at each
assessment, where 0=no pain and 10=worst pain imaginable?*. Secondary outcomes were assessed using the
PCS, HADS, PDAS, and EQ-5D-3L. All questionnaires were translated into Japanese. The PCS consists of 13
items, with which participants rate how frequently they have experienced the specified cognition/emotions?>2.
The total PCS score can range from 0-52, with higher scores indicating higher levels of catastrophizing. The
HADS, consisting of 14 items separated into anxiety (HADS-A) and depression (HADS-D) subscales, each with
7 items, was designed to assess 2 separate dimensions, anxiety and depression?”%, using a 4-point response
scale (ranging from 0 =absence of symptoms to 3 = maximum symptoms), with possible scores for each subscale
ranging from 0-21. The PDAS, which included 20 items, assesses the degree to which chronic pain has interfered
with various daily activities during the prior week based on the participant’s response to each question?. The
total PDAS scores ranged from 0-60, with higher scores indicating higher levels of pain interference. The EQ-
5D-3L score assesses the subjective health-related quality of life>>3! based on five dimensions: mobility; self-
care; usual activities; pain/discomfort; and anxiety/depression. The EQ-5D-3L score ranges from -0.111-1.000
as follows: negative scores, worse health than death; 0, death; and 1.000, full health.

Statistical analysis

The Shapiro-Wilk normality test was initially used to determine whether the data for continuous variables were
normally distributed. Continuous variables are presented as mean, standard deviation, and 95% confidence
interval, while categorical variables are presented as the number and percentage of patients. The groups were
compared for each outcome using the chi-squared test, two-way analysis of variance (ANOVA), and unpaired
t-test between the usual care and telemedicine groups. Changes in values were compared using repeated-
measures ANOVA or a paired t-test. Correlations between changes in pain-NRS or EQ-5D-3L scale scores and
variables were analyzed using Pearson’s rank test. Cohen’s d, Cramer’s V, and correlation coefficients were used
to evaluate the magnitude of effect size. Data were analyzed using SPSS (version 28.0 for Microsoft Windows;
SPSS, Chicago, IL, USA), and statistical significance was set at P<0.05.

Results
Patient characteristics
A flowchart of the participants’ dispositions is shown in Fig. 1. Initially, 77 potential participants were assessed
for eligibility, 1 of whom declined to participate; therefore, 76 consecutive patients with chronic musculoskeletal
pain were randomly allocated to 2 equal groups: usual care and telemedicine. Of the 76 participants, 5 (6.5%) fell
out of contact and did not complete the follow-up assessments (usual care group, 4 vs. telemedicine group, 1). In
total, therefore, 71 participants (93.4%) completed the study (usual care group, 34 vs. telemedicine group, 37).
Table 1 presents the participants’ characteristics. Of the 71 participants, 55 (77.5%) were female. The mean
ages were 56.6 + 14.3 years and 56.5 £ 14.7 years in the usual care and telemedicine groups, respectively. The mean
pain-NRS scores at baseline were 6.0 + 1.8 points in the usual care group and 6.4 2.3 points in the telemedicine
group (Table 2). The mean EQ-5D-3L scores at baseline were 0.57+0.16 points in the usual care group and
0.60+0.16 points in the telemedicine group. No variables showed significant differences between the groups at
baseline. No patients had an opioid prescription in the present study.

Changes in values in the wearable devices in telemedicine group

The values from the wearable devices at baseline and six months are shown in Table 3. The sleep duration data
were lacking for one participant at baseline and three participants at 6 months. Overall, participants showed
a significant increase in the number of steps (baseline, 7,110+4,164 vs. 6 months, 8,054+4,168; P=0.012*;
d=0.387) and distance (4.6+2.6 km vs. 5.3£2.7 km; P=0.008*; d=0.416) per day at 6 months, compared
with baseline. There was no significant difference, however, in the duration of sedentary time, duration of light
activity, duration of MVPA, consumption of calories by activity, or sleep duration.

Primary and secondary outcomes
The primary and secondary outcomes from baseline to each follow-up are shown in Table 2. The pain-NRS
score decreased significantly at 6 months (-1.3 points; P=0.015*; d =0.420), in the telemedicine group compared
with baseline although not at the 1- (-0.3 points; P=0.568) and at 3-month (-0.8 points; P=0.110) follow-
ups. There were no significant difference in the usual care group (£ 0.0 to+0.4 points; P=0.632) at 6 months,
compared with baseline. The 1- and 3-month assessments showed no significant difference in the pain-NRS
scores between the usual care and telemedicine groups (1 month, P=0.279; 3 months, P=0.220), while on the
6-month assessment the telemedicine group was significantly lower than the usual care group (usual care group,
6.3+2.2 vs. telemedicine group, 5.1£3.0; P=0.039*; d=0.424). The number of participants with a pain-NRS
score improvement >2 points was 8 of 34 (23.5%) in the usual care group, compared to 16 of 37 (43.2%) in the
telemedicine group (P=0.079; d=0.208). The group x time interaction was not statistically significant (P=0.341).
The secondary outcomes were significantly improved for the PCS (-5.5 points; P=0.001*; d=0.568) and EQ-
5D-3L (+0.04 points; P=0.035*; d=0.361) scores at 6 months in the telemedicine group compared with baseline,
but not for the PDAS (-3.1 points; P=0.072) or HADS (-2.4 points; P=0.054) scores. There were no significant
differences in the usual care group at 6 months, compared with baseline (PCS score, -0.1 points, P=0.470; HADS
score, +0.0 points, P=0.061; PDAS score, + 1.0 points, P=0.853; and EQ-5D-3L score,+0.0 points, P=0.669).
The secondary outcomes from the 1- and 3-month assessments showed that the PCS, HADS, PDAS, and EQ-5D-
3L scores in the telemedicine group were superior to those in the usual care group (P <0.05*), with the exception
of the HADS score at 3 months (P=0.075). The telemedicine group had a superior effect at 6 months compared
with usual care group on the PCS (usual care group, 32.1+12.4 vs. telemedicine group, 25.6 £13.6; P=0.020%;
d=0.501), HADS (18.6£9.2 vs. 13.9+£9.2; P=0.028%; d=0.461), PDAS (25.8+12.1 vs. 20.6 + 12.4; P=0.044%;
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Usual care | Telemedicine

Variables (n=34) (n=37) p-value | Effect size
‘Women, n (%) 26 (76%) 29 (78%) 0.848 0.023
Age, years 56.6 (14.3) | 56.5 (14.7) 0.498 0.001
Age, n (%)
<39, years 3 (9%) 2 (5%) 0.393 0.205
40-49, years 6 (18%) 13 (35%)
50-59, years 10 (29%) 10 (27%)
60<, years 15 (44%) 12 (32%)
Body mass index, kg/m? 22.3(4.2) |23.2(4.6) 0.196 0.205
Marital status, n (%)
Single, never married 8 (24%) 9 (24%) 0.340 0.217
Divorced 8 (24%) 3 (8%)
Married 16 (47%) 22 (59%)
Widowed 2 (6%) 3 (8%)
Education, n (%)
Middle school graduate 3(9%) 3 (8%) 0.992 0.015
High school graduate 23 (68%) 25 (68%)
University graduate 8 (24%) 9 (24%)
Employment, n (%)
Employed full-time 5 (15%) 9 (24%) 0.467 0.224
Employed part-time 6 (18%) 7 (19%)
Self-employed 1(3%) 4 (11%)
Retired 1 (3%) 1 (3%)
Unemployed 21 (62%) 16 (43%)
Welfare recipient, n (%) 4 (12%) 2 (5%) 0.336 0.114
Annual household income,
n (%)
<2 million, yen 9 (26%) 3 (8%) 0.114 0.271
2 million-4 million, yen 10 (29%) 15 (41%)
4 million <, yen 13 (38%) 9 (24%)
Not reported 2 (6%) 10 (27%)
Comorbidities, n (%)
Depression 17 (50%) 13 (35%) 0.205 0.150
Primary pain diagnosis, n (%)
Arthritis 8(24%) | 9 (24%) 0.990 | 0.064
Fibromyalgia 10 (29%) 11 (30%)

Unknown (chronic neck or
shoulder pain)

Unknown (chronic back pain) | 8 (24%) 10 (27%)

6 (18%) 5 (14%)

Unknown (chronic leg or

knee pain) 2 (6%) 2 (5%)
Location of pain, n (%)
Neck or shoulder 6 (18%) 8 (22%) 0.271 0.235
Back 10 (29%) 11 (30%)
Leg or knee 2 (6%) 7 (19%)
Widespread 16 (47%) 11 (30%)
Pain duration, n (%)
<3 year 5(15%) | 8 (22%) 0.797 | 0.120
3-5 year 11 (32%) 11 (30%)
5-10 year 9 (26%) 11 (30%)
10<year 9 (26%) 7 (19%)

Table 1. Participant’s characteristics (n="71). Continuous variables were represented as mean and standard
deviations, while categorical variables were represented as the number and percentage of patients. Cohen’s d,
and Cramer’s V were used to evaluate the magnitude of the effect size. There was no significant difference in
participant’s characteristics (p = 0.05).
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(n=34) (n=37)
Variables Time Mean (SD) | [95% CI] Mean (SD) | [95% CI] p-value | Effect size
Pain-NRS (/10) Baseline | 6.0 (1.8) [54-67] |6.4(2.3) [56-7.1 0258 |0.155

I month |6.4(1.8) [58-7.0] |61(24) |[53-69] |0279 |0.140
3 months | 6.0 (2.3) [5.2-68] |56(27) |[47-65] |0220 |0.185
6 months | 6.3 (2.2) [55-7.1] |51(3.0) |[41-61] |0.039* |0.424
PCS (/52) Baseline | 32.2(10.5) |[28.6-35.9] |31.1(11.2) |[27.4-34.9] | 0.336 | 0.101
1 month |33.0 [29.1-36.9] | 26.6 (11.6) | [22.7-30.5] | 0.010* | 0.563
[26.6-35.7] | 25.9(13.0) | [21.6-30.2] | 0.048* | 0.402
[27.7-36.5] | 25.6 (13.6) | [21.0-30.1] | 0.020* | 0.501
2) | [10.6-12.8] | 11.9(2.9) |[11.0-12.9] | 0355 | 0.089
) |[10.9-13.5] | 10.2(3.7) | [8.9-11.4] |0.011* |0.557
) |[94-12.7] |101(41) |[8.7-114] |0.170 |0.228
) | [10.0-13.1] [ 103 (4.2) |[8.9-11.7] |0.119 |0.286

3 months | 31.1

6 months | 32.1

- PCS rumination (/20) Baseline | 11.7
1 month | 12.2

3 months | 11.1

6 months | 11.5
- PCS magnification (/12) Baseline | 6.3 (3.
1 month | 6.6 (
3 months | 6.5 (
6 months | 6.8 (
- PCS helplessness (/20) Baseline | 14.3
1 month |14.2
3 months | 13.2
6 months | 13.8
HADS (/42) Baseline | 18.6
I month |19.2

7
7

3

) | [52-74] |64(34) |[52-75] |0456 |0.027
) | [55-7.6] |54(28) |[45-64] |0.050 |0.397
) | [53-7.7]  |51(33) | [40-62] |0.043 |0.415
)
5
6
3

[5.7-7.9] 4.9 (3.5) [3.8-6.1] 0.013* | 0.547

[12.4-162] | 12.8 (6.1) | [10.8-14.9] | 0.148 | 0.251

[12.2-16.1] | 11.0 (6.3) [8.9-13.1] |0.014* |0.532

)

)

) |[11.0-154] | 10.7(6.7) | [8.5-129] |0.052 |0.391
1) |[11.6-15.9] | 103 (7.0) | [8.0-12.7] |0.016* |0.525

)

)

)

)

[15.7-21.5] | 16.3 (8.7) [13.4-19.2] | 0.124 0.277

[16.0-22.5] | 14.7 (7.4) [12.3-17.2] | 0.013* | 0.541

3 months | 17.2 [14.2-202] | 14.4 (7.6) |[11.8-16.9] | 0.075 | 0.345

2
3

6

2) | [153-21.8] [13.9(9.2) |[10.8-16.9] | 0.028* | 0.461
) [7.4-10.7] | 8.1 (4.6) [6.5-9.6] |0.190 |0.210
)

)

)

)

0

- HADS anxiety (/21) Baseline | 9.0 (

1 month |9.1 [7.3-108] |73 (3.8) |[6.0-8.6] |0.047* |0.404
[65-94] |7.2(42) |[58-86] |0211 |0.192
[69-10.2] |6.8(48) |[5.2-84] |0.095 |0.315
[8.0-11.1] |82(5.0) |[65-9.9] |0.113 |0.290
0) |[84-11.9] |7.4(46) |[59-9.0] |0.010* |0.563

.1) [7.4-11.0] |7.2(4.6) [5.7-8.7] 0.045* | 0.409

(
3 months | 8.0 (
6 months | 8.5 (
- HADS depression (/21) Baseline | 9.6 (
1 month |10.1

3 months | 9.2 (

6months [ 10.0(52) |[82-119] [7.0(52) |[53-8.8] |0.015* |0.526
PDAS (/60) Baseline |24.8(9.2) |[21.6-28.0] |23.7(11.0) |[20.0-27.4] | 0.327 | 0.107
Imonth |25.6(10.1) |[22.1-29.1] | 21.3(11.3) |[17.5-25.0] | 0.047* | 0.403
3months | 25.7 (12.6) |[21.3-30.1] | 20.7 (11.9) |[16.8-24.7] | 0.046* | 0.406
6months | 25.8 (12.1) | [21.5-30.2] | 20.6 (12.4) | [16.4-24.7] | 0.044* |0.411

EQ-5D-3L (/1.00) Baseline | 0.57
1 month | 0.55

[0.50-0.61] | 0.63 (0.12) | [0.59-0.67] | 0.014* | 0.530
[0.51-0.62] | 0.64 (0.14) | [0.60-0.69] | 0.020* | 0.496
[0.50-0.64] | 0.64 (0.16) | [0.59-0.70] | 0.049* | 0.398

3 months | 0.57

(
(
(
(
(
(
(
3
3
3
3
(
(
(
(
(
(
(
6 months | 18.6 (9.
4.
5
4
4.
4
(
5
(
(
(
(
(
(
(
(
(

)
)
)
.16) | [0.51-0.62] | 0.60 (0.16) | [0.54-0.65] | 0.227 | 0.179
)
)
)

6 months | 0.57

Table 2. Primary and secondary outcomes on each assessed time point. CI, Confidence Interval; EQ-5D-3L,
EuroQol-five dimensions-three level; HADS, Hospital Anxiety and Depression Scale; NRS, Numeric Rating
Scale; PCS, Pain Catastrophizing Scale; PDAS, Pain Disability Assessment Scale; SD, Standard Deviation. *,

p <0.05, between usual care group and telemedicine group. Continuous variables were represented as mean,
standard deviations, and 95% confidence interval. Cohen’s d was used to evaluate the magnitude of the effect
size. There was no significant difference of scores at baseline (p>0.05). Pain-NRS, PCS, HADS, PDAS, and EQ-
5D-3L score at 6 months in telemedicine group was significantly superior to usual care group (p <0.05%).

d=0.411), and EQ-5D-3L (0.57£0.19 vs. 0.64+0.16; P=0.049*; d =0.398) scores. The group x time interactions
were not significant (PCS, P=0.506; HADS, P=0.842; PDAS, P=0.699; EQ-5D-3L, P=0.775).

Associations with improvement of pain-NRS for 6 months and variables
There was no significant correlation between the improvement in pain-NRS score at six months and the PCS,
HADS, PDAS, EQ-5D-3L scores, or the data from the wearable devices at baseline (Table 4). A higher pain-
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Baseline 6 months
Variables N | Mean (SD) [95% CI] N | Mean (SD) [95% CI] p-value | Effect size
Steps, number per day 37 | 7,110 (4,164) | [5,633-8,586] | 37 | 8,054 (4,168) | [6,576-9,532] | 0.012* | 0.387
Distance, km per day 37 | 4.6 (2.6) [3.7-5.5] 37 |5.3(2.7) [4.3-6.3] 0.008* | 0.416
Sedentary time, min per day 37 | 770 (179) [706-833] 37 | 717 (118) [675-759] 0.183 0.150
Light activity, min per day 37 |263(98) [201-271] 37 | 252(95) [218-286] 0.086 0.229
MVPA, min per day 37 | 24 (29) [13-34] 37 |25 (29) [15-36] 0276 | 0.099
Consumption of calories by activity, calories per day | 37 | 754 (393) [615-894] 37 | 800 (390) [662-939] 0.101 0.214
Sleep duration, min per day 36 | 383 (65) [360-406] 33 | 382(62) [360-404] 0.449 0.022
- REM sleep, min per day 36 | 69 (26) [60-78] 33 | 67 (25) [58-76] 0.291 0.097
- Light sleep, min per day 36 | 228 (58) [207-248] 33 | 214 (74) [188-240] 0.090 0.239
- Deep sleep, min per day 36 | 53 (20) [46-60] 33 | 54 (23) [46-62] 0.359 0.063

Table 3. Changes in values in the wearable devices in telemedicine group. CI, Confidence Interval; MVPA,
moderate and vigorous physical activity; REM, Rapid eye movement; SD, Standard Deviation. *, p <0.05,
between at baseline and 6 months. Continuous variables were represented as mean, standard deviations, and
95% confidence interval. Cohen’s d was used to evaluate the magnitude of the effect size. The data of sleep
duration were lacked in one participants at baseline, and 3 participants at 6 months. Participants showed
significantly higher the number of steps, and distance at 6 months, compared with baseline (p <0.05%).

NRS score at baseline, however, was associated with a greater improvement in pain-NRS scores over 6 months
(r=0.404; P<0.001%).

Discussion

The results of the present randomized controlled clinical trial showed that home-based telemedicine with
wearable devices and usual care had a modest effect on pain-related outcomes compared to usual care alone in
patients with chronic musculoskeletal pain. The telemedicine group had significantly increased physical activity
for six months; however, the improvement in pain-NRS was not associated with the change in the variables
recorded by the wearable devices.

Clinically important improvement in chronic pain is defined as a reduction from baseline of>2 points or
30% on the pain-NRS, specifically, “much improved” or better?*3233, The pain-NRS showed a reduction of 1.3
points or 20% compared with baseline and a reduction of more than 2 points in less than half patients in the
telemedicine group. Among the other outcome measures, clinically important differences in chronic pain are
defined as follows: EQ-5D-3L, 0.08 points; PDAS, 6.71 points; and PCS, 6.48 points*>¥. The present study,
however, showed the following improvement compared to baseline: EQ-5D-3L, 0.04 points; PDAS, 3.1 points;
and PCS, 5.5 points. Based on the aforementioned results, therefore, home-based telemedicine had a significantly
superior effect on pain-related outcomes compared to usual care alone, but the effects were modest.

Telemedicine for the treatment of chronic pain provides support for self-management, physical activity,
and education, leading to improvements of symptoms!!~!%. Improvement in the pain-NRS score, however,
was not associated with an increase in physical activity for six months in the telemedicine group. Tailoring
health communication leads to several intended effects: (1) personalization, which helps increase the perceived
meaningfulness of the message by creating an impression; (2) feedback, which directs the attention of the
individual to their own characteristics or behaviors; and (3) adaptation or content matching, which refers to
creating content packages?**4. In some cases, telemedicine is combined with videoconferencing intervention®,
cognitive behavioral therapy®, lectures, and workshops®”. Previous studies on pain have performed telemedicine
every, or every other week!!~13, or even five days per week?®. In the initial phase, the frequency of telemedicine is
increased in some studies®®-*!. The best practices of telemedicine for chronic pain have not yet been defined!'~13,
although the present study showed a significant, albeit limited, effect of telemedicine with wearable devices on
pain-related outcomes.

Telemedicine has the potential to be an effective tool for delivering frequent and timely health care'®*, and
most patients expressed positive feelings toward telemedicine and wearable devices by the end of treatment?2243,
Telemedicine with wearable devices provides better knowledge and concrete feedback on physical activity,
motivates behavioral change, facilitates daily exercise at home, reinforces wellness group activities and goals, and
reduces the distance between physicians and patients**~*. Limited evidence has shown the cost savings associated
with the lack of travel in telemedicine!®64”. Physicians who specialize in pain and have higher confidence in
recommending online resources are more likely to recommend online health resources*. Electronic tools also
help support physician time management, reduce the clinic load, and prioritize issues that may need further
attention?; however, the utilization of health resources for seeking treatment are recommended by only half to
three-quarters of healthcare physicians and patients (before the coronavirus disease 2019 pandemic)*®%.

Half of the patients presented with a wearable device initially expressed negative or neutral feelings towards
the device®®. Some patients report that wearable devices have barriers to purchase, such as cost and choice
confusion, and feel they can have a poor fit, leading to discomfort; therefore, some patients are unsure and/
or skeptical®’. Furthermore, participants’ compliance and adherence to wearing the device, the limited battery
life and need to recharge the device, participants’ disinterest in wearing the device, and being self-conscious
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Overall Usual care Telemedicine
N |r-value | p-value |N |r-value | p-value | N | r-value | p-value
Age 71 | 0.101 0.404 34 10.117 0.509 37 | 0.098 0.565
Body mass index 71 | -0.049 | 0.683 34 |-0.073 |0.683 37 | -0.085 |0.618
Pain-NRS at baseline 71 | 0.404 <0.001* | 34 | 0.378 0.028* | 37 | 0.409 0.012*
PCS at baseline 71 |-0.017 | 0.889 34 | 0.040 0.821 37 |-0.031 |0.853
- PCS rumination at baseline 71 | 0.008 0.949 34 | 0.047 0.791 37 |-0.043 | 0.802
- PCS magnification at baseline 7110.013 | 0913 34 10.093 | 0.601 37 | -0.042 | 0.804
- PCS helplessness at baseline 71 | -0.043 | 0.723 34 | -0.003 |0.986 37 | -0.014 | 0.934
HADS at baseline 71 -0.119 |0.323 34 |-0.052 |0.772 37 -0.109 | 0.520
- HADS anxiety at baseline 71 -0.048 | 0.688 34 | 0.055 0.758 37 1-0.075 | 0.657
- HADS depression at baseline 71 | -0.166 | 0.167 34 | -0.155 |0.382 37 | -0.121 | 0.474
PDAS at baseline 71 | 0.109 0.367 34 | 0.009 0.961 37 10.195 0.248
EQ-5D-3L at baseline 71 [ -0.002 | 0.989 34 -0.049 |0.784 37 [-0.012 | 0.942
Steps at baseline 37 10.031 0.855
Distance at baseline 37 10.030 |0.863
Sedentary time at baseline 37 | -0.190 |0.261
Light activity at baseline 37 [ -0.016 |0.927
MVPA at baseline 37 | -0.007 | 0.968
Consumption of calories by activity at baseline 37 | -0.012 | 0.943
Sleep duration at baseline 36 | 0.031 0.856
- REM sleep at baseline 36 | -0.008 | 0.963
- Light sleep at baseline 36 | 0.040 | 0.817
- Deep sleep at baseline 36 |0.022 | 0.900
Change of steps 37 | -0.216 | 0.200
Change of distance 37 | -0.200 |0.235
Change of sedentary time 370242 | 0.148
Change of light activity 37 | -0.187 | 0.267
Change of MVPA 37 |-0.133 | 0.434
Change of consumption of calories by activity 37 |-0.133 | 0.434
Change of sleep duration 33| 0.186 | 0.300
- Change of REM sleep 33 |0.116 |0.519
- Change of light sleep 33 | -0.081 |0.652
- Change of deep sleep 33 |-0.118 |0.514

Table 4. Associations with improvement of pain-NRS for 6 months and variables. EQ-5D-3L, EuroQol-
five dimensions-three level; HADS, Hospital Anxiety and Depression Scale; MVPA, moderate and vigorous
physical activity; NRS, Numeric Rating Scale; PCS, Pain Catastrophizing Scale; PDAS, Pain Disability
Assessment Scale; REM, Rapid eye movement. *, p <0.05. The improvement of pain-NRS for 6 months was
calculated as pain-NRS at baseline minus at 6 months. Pearson’s correlation coeflicient was used to evaluate
the magnitude of the effect size. There was no significant correlation of the improvement in pain-NRS for

6 months with PCS, HADS, PDAS, EQ-5D-3L, and values in the wearable devices (p=0.05).

around others should also be considered®. Physicians are concerned about safety issues related to the risk of
misinterpreting online information, issues related to patients” affordability to access the internet, the mismatch
between the patient and healthcare providers, and the lack of developing a therapeutic relationship with
clinicians*®. Additionally, the use of wearable devices without education has shown no benefits for pain, function,
disability, quality of life, or fatigue in patients with pain®®.

Wait times for in-person chronic pain management services range from 10-575 days, with deterioration
in health-related quality of life and psychological well-being continuing during the waiting period®>2. The
management of chronic pain has increasingly relied on pharmacological treatments, while physical therapy
referrals have not increased, despite numerous published national guidelines®. The results of the present study
suggested the limited benefit of home-based telemedicine using wearable devices in patients with chronic
musculoskeletal pain. A supportive system for patients with chronic pain influences self-discovery and empowers
individuals to continue incorporating self-management strategies into maneuvering daily life with chronic pain®.

The present study had several limitations. First, the effects of home-based telemedicine and the wearable
devices were not investigated separately, and the number of interventions was disproportionate between the
groups because a placebo rehabilitation was not feasible. Second, the subjective and objective outcomes were
not observed over the long term, nor was physical activity assessed in the usual care group. Third, the etiology
in some patients was unknown. The data of a previous medication, treatment, or physical therapy were not
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collected. Finally, only a small number of heterogeneous patients from a single medical center were included in
the present study; therefore, the findings should be interpreted with caution. Further studies addressing these
limitations are needed to confirm the benefits of home-based telemedicine using wearable devices.

Conclusions

The results of the present randomized controlled clinical trial showed that home-based telemedicine with
wearable devices and usual care has a superior effect on symptoms in patients with chronic musculoskeletal pain
compared to usual care alone. Although this effect was limited, home-based telemedicine using wearable devices
could have an additional therapeutic effect on the symptoms of patients with chronic musculoskeletal pain.

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