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Abstract

Objective: To investigate the effectiveness of physical activityebased interventions using electronic feedback in reducing pain and disability

compared to minimal or no interventions in patients with chronic musculoskeletal pain.

Data Sources: The following electronic databases were searched: EMBASE, MEDLINE, Cochrane Central Register of Controlled Trials,

PsycINFO, Cumulative Index to Nursing and Allied Health Literature, SPORTDiscus, Web of Science, Physiotherapy Evidence Database, and

main clinical trial registers.

Study Selection: Randomized controlled trials investigating the effect of physical activity interventions using electronic feedback (eg, physical

activity monitors) on pain and disability compared to minimal or no interventions in adults with chronic musculoskeletal pain were considered

eligible.

Data Extraction: Pooled effects were calculated using the standardized mean difference (SMD), and the Grading of Recommendations

Assessment, Development and Evaluation system was used to assess the overall quality of the evidence.

Data Synthesis: Four published randomized controlled trials and 4 registered unpublished randomized controlled trials were included. At short-

term follow-up, pooled estimations showed no significant differences in pain (2 trials: nZ116; SMDZ�.50; 95% confidence interval, �1.91 to

0.91) and disability (2 trials: nZ116; SMDZ�.81; 95% confidence interval, �2.34 to 0.73) between physical activityebased interventions and

minimal interventions. Similarly, nonsignificant results were found at intermediate-term follow-up. According to Grading of Recommendations

Assessment, Development and Evaluation, the overall quality of the evidence was considered to be of low quality.

Conclusions: Our findings suggest that physical activityebased interventions using electronic feedback may be ineffective in reducing pain and

disability compared to minimal interventions in patients with chronic musculoskeletal pain. Clinicians should be cautious when implementing this

intervention in patients with chronic musculoskeletal pain.
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In the past decades, chronic musculoskeletal pain has been
considered an important health priority. Most chronic pain is
caused by musculoskeletal conditions, such as low back pain and
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Physical activity treatment plus electronic feedback 1901
osteoarthritis. These 2 conditions are the most prevalent chronic
musculoskeletal conditions. They pose an important economic
burden on individuals and society,1,2 and have recently been listed
among the leading causes of years lived with disability
worldwide.1,3

Physical inactivity is thought to negatively influence the clin-
ical course of chronic musculoskeletal pain conditions. Current
evidences suggest that those patients with more severe disability
are the ones presenting with low physical activity levels.4,5 In
terms of prognosis, less physically active or sedentary patients will
often report higher pain intensity and disability in the future than
will more physically active patients.6,7 Furthermore, in a broader
sense, physical inactivity may also influence the course of chronic
musculoskeletal pain owing to its role in the development of
cardiovascular diseases or risk factors for cardiovascular dis-
eases.8 There is emerging evidence to suggest that cardiovascular
comorbidities (eg, coronary heart disease) or risk factors for car-
diovascular diseases (eg, obesity and impaired glucose tolerance)
are prevalent in this population9-11 and contribute to worse prog-
nosis.12-14 Hence, strategies to increase physical activity levels
should reasonably be considered when designing treatment for
patients with chronic musculoskeletal pain.15 Importantly, this is
in accordance with health initiatives to promote physical activity
in primary care settings.16,17

There is evidence showing that physical activityebased in-
terventions are effective in reducing pain and disability at short-
term follow-up in patients with chronic musculoskeletal pain.18,19

However, clinical improvements are not sustained for long periods
after cessation of treatment.18,19 A recently published systematic
review20 shows that physical activityebased interventions fail to
increase physical activity levels in patients with chronic muscu-
loskeletal pain. This finding might be explained by the fact that
most physical activityebased interventions in the chronic
musculoskeletal field are not specifically designed to change pa-
tients’ behavior toward an active lifestyle. Nevertheless, we would
argue that physical activityebased interventions that incorporate
strategies to change physical activity behavior may not only in-
crease physical activity levels but also reduce pain and disability
and sustain these improvements at long-term follow-up in patients
with chronic musculoskeletal pain.

There are several behavior change strategies to promote phys-
ical activity during and after the treatment regimen.21 One of these
strategies is the provision of feedback22 that is considered effective
in increasing physical activity23,24 and promote healthy habits.25

Importantly, current evidence supports the use of feedback to in-
crease adherence to physical activityebased interventions in pa-
tients with chronic musculoskeletal pain.26 The feedback may
include several techniques including self-monitoring, goal setting,
action planning, and social comparison that may be delivered
through different methods, such as face-to-face or electronic de-
vices. The advantage of electronic devices (ie, web, mobile apps,
activity monitors) over the face-to-face mode of delivery is the
feature that allows users to set activity goals and self-monitor daily
goal-progress, which can be tailored to the needs of the patient
List of abbreviations:

CI confidence interval

GRADE Grading of Recommendations Assessment,

Development and Evaluation

PEDro Physiotherapy Evidence Database

SMD standardized mean difference
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using real-time information on the biomechanical or physiological
consequences of performing physical activity.27 In addition, with
advances in technology, electronic devices are becoming more
affordable for patients. It is unclear, however, whether physical
activityebased interventions using electronic feedback can be
effective as a treatment for patients with chronic musculoskeletal
pain. Therefore, the objective of this systematic review with
meta-analysis was to investigate the effectiveness of physical
activityebased interventions using electronic feedback in reducing
pain and disability compared with no or minimal interventions in
patients with chronic musculoskeletal pain. We hypothesized that
physical activityebased interventions using electronic feedback
would be more effective in reducing pain intensity at short-term
follow-up and able to sustain short-term improvements at inter-
mediate and long-term follow-ups.
Methods

The protocol of this systematic review was previously registered
in PROSPERO (CRD42016049730).

The search strategy was performed in the following databases
from the earliest record to June 21, 2017: EMBASE, MEDLINE,
Cochrane Central Register of Controlled Trials, PsycINFO,
Cumulative Index to Nursing and Allied Health Literature,
SPORTDiscus, Web of Science, and Physiotherapy Evidence
Database (PEDro). We also searched for potential ongoing and
unpublished trials by searching the main clinical trial registries:
that is, ClinicalTrials.gov, International Standard Randomized
Controlled Trial Number Registry, and Australian New Zealand
Clinical Trials Registry. The search was also aided by the World
Health Organization International Clinical Trials Registry Platform
search portal. Citation tracking was performed in relevant publi-
cations to identify eligible studies missed by our search. The search
strategy was conducted using a combination of search terms,
including chronic musculoskeletal pain (eg, low back pain, osteo-
arthritis, and fibromyalgia), physical activity (eg, walking and ex-
ercise), electronic feedback (eg, mobile app, web, or pedometer),
and randomized controlled trial. Appendix 1 describes the search
strategy used for MEDLINE and Clinicaltrials.gov in this review.

Screening of titles and abstracts was undertaken independently
by 2 reviewers (C.B.O. and P.K.M.). After the initial screening,
the full texts of potentially eligible articles were assessed
following the eligibility criteria by 2 reviewers (C.B.O. and
P.K.M.). Any case of disagreement was resolved by consulting a
third reviewer (R.Z.P.).

Study selection

Randomized controlled trials investigating physical activitye
based interventions using electronic feedback in patients with
chronic musculoskeletal pain were included in this review.

Studies with adults older than 18 years with chronic muscu-
loskeletal pain were included. Chronic musculoskeletal pain was
defined as musculoskeletal pain (ie, pain in the axial skeleton or
peripheral joints) lasting >3 months. Therefore, studies that
involved patients with low back pain, neck pain, osteoarthritis,
fibromyalgia, and other related conditions were considered
eligible. We excluded patients who underwent surgery or had
serious or inflammatory rheumatological conditions that require
different management strategies, such as tumor, fracture, infec-
tion, rheumatoid arthritis, or axial spondyloarthritis.

http://ClinicalTrials.gov
http://Clinicaltrials.gov
http://www.archives-pmr.org


Potentially relevant records after removing 

duplicates (n=4131) 

MEDLINE: 587 SportDiscus: 212

PEDro: 571 Cochrane :320

Embase: 1971 CINAHL: 201 

PsycINFO: 34             Web of Science: 1150 

Potentially relevant published reports retrieved 

for evaluation of full text (n = 75)

Records excluded after screening  

titles or abstracts (n = 4056)

Excluded (n = 71) 
   Not appropriate feedback: 38 

Not promote physical activity: 13 
Not appropriate study design: 15 
Not appropriate chronic musculoskeletal pain: 
2 
Not appropriate outcome: 3 

Published reports included in the review 

(n = 4)

Potentially relevant registry entries (n=1141) 

ClinicalTrials.gov: 735

ISTCTN: 149 

ANZCTR: 114 

Additional trials via WHO search portal: 143     

Database search Clinical trial register search  

Eligible registry entries (n=4) 

Recruitment status for included registry entries 

at the time of screening: 

Ongoing: 3 

Not recruiting: 1 

Registered entries excluded after screening  

(n =1137)

Fig 1 Flow of studies through the review. Abbreviations: ANZCTR, Australian New Zealand Clinical Trials Registry; CINHAL, Cumulative Index to

Nursing and Allied Health Literature; ISRCTN, International Standard Randomized Controlled Trial Number; WHO, World Health Organization.
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Trials investigating interventions to promote physical activity
that included electronic feedback were considered eligible. For
this review, we considered the provision of electronic feedback on
physical activity behavior following the taxonomy proposed by
Michie et al,22 which involves providing the participant with data
about their own recorded physical activity behavior or com-
menting on a person’s physical activity behavioral performance by
setting goals, planning action or facilitating social comparisons.
Electronic physical activity feedback was defined as an interven-
tion component delivered via computer (ie, website or e-mail) or
smartphone/tablet (ie, mobile app or text messaging) as well as via
any wearable device that allows prompt self-monitoring of activity
performance, such as pedometers, heart rate monitors, activity
monitors, and physical activity trackers (eg, Fitbit, Jawbone,
Garmin, Apple watches). Studies investigating exercise-based in-
terventions delivered in a video game format or via web or app
technology that do not provide feedback to promote physical ac-
tivity were excluded. To be considered eligible, the comparator
groups needed to be no or minimal interventions including waiting
list, placebo, or brief education (eg, provision information on pain
management and self-care strategies at 1 session).

In addition, to be considered eligible, studies had to report data
for at least 1 relevant primary or secondary outcome. Primary
outcomes were pain intensity and disability, whereas secondary
outcomes were physical activity level, depression, and quality of
life. Depression was not included in the original registered pro-
tocol. Nevertheless, we decided to add this outcome as a sec-
ondary outcome of this review because of the potential benefits
that physical activityebased interventions might have on
depression.
Data extraction

Two independent reviewers (C.B.O and T.M.D.) extracted the data
using a standardized form. Any case of disagreement was resolved
by consensus. The following data were extracted from the
included studies: sample characteristics, intervention group,
comparison group, outcome measures, and time-point assess-
ments. Means (final or change values), SDs, and sample sizes were
extracted from the included trials. When data were missing, we
contacted the authors of the study or estimated data using the
recommendations of the Cochrane Handbook for Systematic Re-
views of Interventions. If studies reported medians and ranges,
means and SDs were calculated.28
Risk of bias and quality assessment

Risk of bias was assessed using the PEDro scale. Two reviewers
independently (C.B.O. and C.G.) assessed the risk of bias of
included studies. The PEDro scale is considered a reliable29 and
valid30 tool, with 10 items scored as present or absent. If the
scores were available in the PEDro, these were extracted to be
used in this review.

The overall quality of the evidence was assessed using the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) system.31 In brief, the GRADE classification
was downgraded by 1 level for each of the three domains we
considered: (1) study limitations or risk of bias (downgraded when
>25% of the studies were scored with a high risk of bias; PEDro
score, <6); (2) inconsistency of results (downgraded when sub-
stantial heterogeneity was presented with I2>50%); and (3)
imprecision (downgraded if<400 participants were included in the
meta-analysis). Publication bias was not assessed because of an
insufficient number of the included studies. Indirectness was not
considered for this review, because this review focused on specific
population, comparator, and outcome measures. The quality of the
evidence was interpreted as follows: “high quality” (ie, further
research is unlikely to change our confidence in the estimate of
effect); “moderate quality” (ie, further research is likely to have an
important effect on our confidence in the estimate of effect and may
change the estimate); “low quality” (ie, further research is likely to
have an important effect on our confidence in the estimate of effect
and is likely to change the estimate); and “very low quality” (ie, any
estimate of effect is uncertain).
www.archives-pmr.org
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Table 1 Characteristics of the included studies

Study

Condition and Patients Characteristics

(Source, Sample Randomized,

and Mean Age) Interventions Feedback Method Outcomes and Time Points

Kayo et al, 201234 Condition: Fibromyalgia

Source: Rheumatology clinics

Sample randomized: 60 patients

(GI: 30; GMI: 30)

Mean age: GI: 47.7�5.3y;

GMI: 46.1�6.4y

GI: Walking in a gymnasium, with each

session including stretching,

conditioning stimulus, and cool down,

and monitored by a heart rate monitor

to increase exercise intensity

GMI: No intervention

Heart rate monitor monitored

during each session

Pain, disability, and quality of life

8-, 16-, and 28-wk follow-ups

McDonough et al, 201335 Condition: Low back pain

Source: Primary care practices

Sample randomized: 57 patients

(GI: 40; GMI: 17)

Mean age (95% CI): GI: 48.0y

(43.0e53.0y); GMI: 51.0y (42.0

e60.0y)

GI: Graded pedometer-driven walking

program plus an education session

(a single 1-h session)

GMI: Education session

(a single 1-h session)

Pedometer used each day to

self-monitor steps

Pain, disability, and quality of life

9-wk and 6-mo follow-ups*

Mengshoel et al, 199236 Condition: Fibromyalgia

Source: Hospital and general community

Sample randomized: 35 patients

(GI: 18; GMI: 17)

Median age (range): GI: 33.5y (21e42y);

GMI: 34.0y (25e38y)

GI: Low-effect aerobic dance program

with training intensity prescribed on

the basis of heart rate level

GMI: Instructed to maintain their normal

physical activity levels

Heart rate monitoring controlled

periodically

Pain

20-wk follow-up

Sañudo et al, 201537 Condition: Fibromyalgia

Source: General community

Sample randomized: 28 patients

(GI: 16; GMI: 12)

Mean age: GI: 58.0�2.0y;

GMI: 55.0�2.0y

GI: Exercise sessions included warm-up,

steady-state exercise at 60%e65% of

the predicted maximum heart rate, and

15min of interval training at 75%

e80%. Exercise intensity was

monitored by a heart rate monitor

GMI: Instructed to maintain normal

activities of daily living

Heart rate monitor Pain and depression

24-wk follow-up

Abbreviations: GI, physical activity intervention group; GMI, minimal intervention comparison group.

* Data not reported in the published report because of the higher rate of missing data.
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Data analysis

The outcomes were summarized according to the following time
points of assessments: short-term (<3mo); intermediate-term
(between 3 and 12mo); and long-term (>12mo). If multiple
time points fell in the same category, we used the one closest to
the end of the treatment, 6 months, and 12 months, respectively.
We pooled estimates of the trials using the standardized mean
difference (SMD) due to the heterogeneity of the measurement
scales for a given outcome. The SMD was interpreted according to
Cohen’s benchmarks32: small effect size (SMDZ.20); medium
effect size (SMDZ.50); and large effect size (SMDZ.80). Het-
erogeneity between studies was calculated using I2 statistics and
by visual inspection of the forest plots. An I2 of >50% was
considered as substantial heterogeneity. Meta-analyses were
calculated using random effects models in RevMan version 5.3.33,a

Results

The search strategy yielded 4131 records, and 91 full texts
remained to be assessed for eligibility after title and abstract
screening. Finally, 4 published reports34-37 were included in this
review (fig 1). Appendix 2 describes the reasons for exclusion of the
full texts. Studies included patients with fibromyalgia (nZ3, 75%)
and low back pain (nZ1, 25%). The sample sizes for included trials
ranged from 28 to 60, and the mean age of participants ranged from
33.5 to 58.0 years. Table 1 summarizes the characteristics of the
studies. The physical activityebased interventions were aerobic
exercises (nZ3, 75%) and a walking program (nZ1, 25%). The
pedometer (nZ1, 25%) and heart rate monitor (nZ3, 75%) were
the electronic devices used to provide feedback. The methodolog-
ical quality of the studies was scored as 634-36 or 737 out of a
maximum score of 10 (table 2). Blinding of patients and therapists
was not achieved in the included trials, reflecting the nature of the
intervention. One trial (25%) reported blinding assessors, and 2
trials (50%) reported concealed allocation.

Our search for registered trials retrieved 1379 records
(see fig 1). Of these, 4 unpublished trials were considered eligible,
recruiting patients with osteoarthritis (nZ2, 50%) and low back
pain (nZ2, 50%). Coaching for physical activity plus activity
monitor (nZ3, 75%) and pedometer-based walking program
(nZ1, 25%) were interventions used to promote physical activity,
and the pedometer (nZ1, 25%) and Fitbit activity monitorb (nZ3,
75%) were the electronic devices used to provide feedback.
Appendix 3 gives the details of the unpublished trials.

Figures 2 and 3 show the pooled effects of physical activitye
based interventions using electronic feedback on pain intensity
and disability compared to minimal interventions. For pain in-
tensity, there is a small, but not significant, effect of physical
activityebased interventions compared to minimal interventions
at short-term (2 trials: nZ116; SMDZ�.50; 95% confidence
interval [CI], �1.91 to 0.91) and intermediate-term (3 trials:
nZ144; SMDZ�.53; 95% CI, �1.33 to 0.27) follow-ups. For
disability, there is a medium, but not significant, effect of physical
activityebased interventions compared to minimal interventions
at short-term follow-up (2 trials: nZ116; SMDZ�.81; 95% CI,
�2.34 to 0.73) and there is a small, but not significant, effect at
intermediate follow-up (3 trials: nZ141; SMDZ�.67; 95% CI,
�1.84 to 0.49). The I2 for these meta-analyses ranged from 80%
to 93%, indicating substantial heterogeneity. The overall quality of
the evidence was considered low, downgraded for inconsistency
and imprecision (table 3).
www.archives-pmr.org
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Fig 2 Effect of physical activityebased interventions using electronic feedback on pain intensity at (A) short-term and (B) intermediate-term

follow-ups compared to minimal interventions in patients with chronic musculoskeletal pain.

Physical activity treatment plus electronic feedback 1905
For depression, 1 study37 found a nonsignificant effect of the
physical activityebased intervention compared to the minimal
intervention at intermediate follow-up. For quality of life, 1
study35 using a general measure of quality of life found greater
improvement favoring the minimal intervention at short-term
follow-up but no differences at intermediate follow-up. Another
study34 reporting the domains of quality of life found significant
effects favoring the physical activityebased intervention on
bodily pain, vitality, physical functioning, role emotional, and
mental health compared to the minimal intervention at interme-
diate follow-up. None of the studies reported data on physical
activity levels.
Discussion

Our findings revealed that physical activityebased interventions
using electronic feedback may not be effective in reducing pain
and disability compared to minimal interventions. The nonsig-
nificant results were consistent at all time points of assessments as
well as the secondary outcomes (ie, physical activity levels,
quality of life, depression). According to GRADE, the evidence
Fig 3 Effect of physical activityebased interventions using electronic fe

term and (B) intermediate-term follow-ups compared to minimal interven

www.archives-pmr.org
for all evaluated outcomes was of low quality, suggesting that
further research is likely to change the treatment effects assessed
in this review. This is likely to happen in the near future as we
identified 4 ongoing trials in clinical trial registries. Nevertheless,
on the basis of the results of this review, we would advise clini-
cians that the use of physical activityebased interventions using
electronic devices to provide feedback on physical activity levels
should be implemented with caution in routine clinical practice.

The strengths of this review include the use of the GRADE
approach to evaluate the overall quality of the evidence and a
comprehensive search conducted in 8 electronic databases to
locate all relevant published trials in this area. In addition, we
performed an extensive search in the major trial registries to
identify ongoing studies. The available literature revealed some
methodological flaws, such as lack of blinding assessors34,35,37

and concealed allocation.35,36 A limitation of the current litera-
ture was the limited number of trials (nZ4) with a relatively small
sample size, ranging from 28 to 60 patients. As a result, the overall
quality of the evidence for all meta-analyses were downgraded for
imprecision because <400 patients were included in the analysis.
These findings imply that larger studies are warranted to draw
more conclusive results.
edback compared to minimal interventions on disability at (A) short-

tions in patients with chronic musculoskeletal pain.
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Table 3 Evidence table for outcome measures

Quality Assessment No. of Patients Effect*

Overall

Quality

of EvidenceNo. of Trials Risk of Bias Inconsistency Imprecision

Intervention

Group

Minimal

Intervention

Group

SMDy

(95% CI)

Pain

Short-term

follow-up

2 No serious

risk of biasz
Serious

inconsistencyx
Serious

imprecisionk
69 47 �0.50 (�1.91 to 0.91) 4,,

Low

Intermediate

follow-up

3 No serious

risk of biasz
Serious

inconsistencyx
Serious

imprecisionk
85 59 �0.53 (�1.33 to 0.27) 4,,

Low

Disability

Short-term

follow-up

2 No serious

risk of biasz
Serious

inconsistencyx
Serious

imprecisionk
69 47 �0.81 (�2.34 to 0.73) 4,,

Low

Intermediate

follow-up

3 No serious

risk of biasz
Serious

inconsistencyx
Serious

imprecisionk
80 61 �0.67 (�1.84 to 0.49) 4,,

Low

* Negative values favor physical activity intervention enhanced by the electronic feedback group.
y The SMD of physical activity intervention enhanced by the electronic feedback group as compared with the minimal intervention group.
z More than 25% of participants from studies with a high risk of bias (PEDro score, <6).
x Wide variance of point estimates across studies or if heterogeneity between trials was large (I2>50%).
k Total number of participants <300 for each outcome.
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To our knowledge, this is the first systematic review investi-
gating the effect of physical activityebased interventions using
electronic feedback on clinical outcomes in the chronic musculo-
skeletal pain field. A recent Cochrane review38 found that there is
low-quality evidence that physical activity and exercise have small
tomoderate effects on pain and physical functioning in patients with
chronic pain. Our review differs from the previous review because it
focuses specifically on the subgroup of physical activityebased
interventions that include electronic feedback as part of the inter-
vention, and our results did not support the effectiveness of the
intervention in reducing pain and disability. Another recent re-
view39 investigating the efficacy of web-based interventions for
self-management specifically in patients with chronic low back pain
was also unable to demonstrate clinical improvements. This finding
together with the results of the present review questions the effec-
tiveness of interventions incorporating electronic feedback in
managing patients with chronic musculoskeletal pain.

In the light of the limited evidence on the effectiveness of
physical activityebased interventions using electronic feedback,
we suggest that clinicians should implement these devices with
caution in clinical practice. The financial costs and patients’
preferences for electronic devices should be considered in the
decision to use these devices in clinical practice. Moreover, a new
generation of activity monitors (eg, Fitbit and Jawbone) composed
by an interactive interface and additional motivational techniques,
such as goal setting, real-time self-monitoring, and social com-
parison, have emerged.40,41 As evidenced by the ongoing trials
identified in this review, future studies are likely to contribute and
improve the quality of the evidence in this area.
Conclusions

Physical activityebased interventions using electronic feedback
may not be effective in reducing pain and disability in patients
with chronic musculoskeletal pain. Future large studies should be
conducted with long-term follow-up, incorporating modern ac-
tivity trackers and additional behavior change strategies to reach
definite conclusions about the effectiveness of physical activitye
based interventions using behavior change.
Suppliers

a. RevMan version 5.3; The Cochrane Collaboration.
b. Fitbit; Fitbit, Inc.
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Appendix 1 Search strategy for MEDLINE via ovid

1. exp Back Pain/

2. exp Low Back Pain/

3. exp Sciatica/

4. backache.ab,ti.

5. (lumbar adj pain).ab,ti.

6. coccyx.ab,ti.

7. coccydynia.ab,ti.

8. spondylosis.ab,ti.

9. lumbago.ab,ti.

10. dorsalgia.ab,ti.

11. ((NECK or CERVICAL or KNEE$ or HIP or HIPS or SHOULDER$)

adj4 PAIN).mp.

12. osteoarthrit*.mp.

13. exp Osteoarthritis/

14. exp Osteoarthritis, Hip/ or exp Osteoarthritis, Spine/ or exp

Osteoarthritis, Knee/

15. exp Arthritis, Rheumatoid/

16. ((rheumatoid or reumatoid or reumatoid or rheumatic or

reumatic or reumatic or rheumat* or reumat* or reumarthrit*)

adj3 (arthrit* or artrit* or diseas* or condition* or

nodule*)).tw.

17. exp Fibromyalgia/

18. Fibromyalgia.mp.

19. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or

14 or 15 or 16 or 17 or 18

20. exp Exercise/

21. exp Exercise Therapy/

22. exp Exercise Movement Techniques/

23. exp Motor Activity/

24. Walking/

25. Running/

26. Swimming/

27. Gardening/

28. "physical activit*".mp.

29. exp Sports/

30. exp Recreation/

31. "cardiorespiratory fitness".ab,ti.

32. ((moderate or vigorous*) adjactiv*).ab,ti.

33. (("leisure" or "fitness") adj5 ("centre*" or "center*" or

"facilit*")).ab,ti.

34. ("exercis*" adj5 ("fit*" or "train*" or "activ*" or

"endur*")).ab,ti.

35. ("physical" adj5 ("centre*" or "center*" or "facilit*")).ab,ti.

36. "sport*3 ".ab,ti.

37. "walk*3 ".ab,ti.

38. running.ab,ti.

39. (exercis*3 adj5 aerobic*).ab,ti.

40. "recreation*1".ab,ti.

41. or/20-40

42. randomized controlled trial.pt.

43. controlled clinical trial.pt.

44. placebo.ab,ti.

45. randomly.ab,ti.

46. trial.ab,ti.

47. groups.ab,ti.

48. "random*".ab,ti.

49. drug therapy.fs.

50. or/42-49

51. (animals not (humans and animals)).sh.

52. 50 not 51

53. "electronic monitor*".mp.

54. "electronic track*".mp.

55. "electronic activ* monitor*".mp. [mpZtitle, abstract, orig-

inal title, name of substance word, subject heading word,

keyword heading word, protocol supplementary concept word,

rare disease supplementary concept word, unique identifier]

56. "electronic activ* track*".mp.

57. exp Biomedical Technology/

58. "technology based".mp. [mpZtitle, abstract, original title,

name of substance word, subject heading word, keyword

heading word, protocol supplementary concept word, rare

disease supplementary concept word, unique identifier]

59. "electronic feedback".mp.

60. Coaching.mp.

61. feedback.mp. or exp feedback system/

62. exp monitoring/

63. telemonitoring/

64. telephone/

65. (telerehabilitation or tele-rehabilitation or tele-exercise).mp.

66. pedometer.mp.

67. fitbit.mp.

68. "activity monitor".mp.

69. "step counter".mp.

70. telephone.ab,ti.

71. supervised.mp.

72. (Web or e-mail or computer or Internet or PDA or

Website).ab,ti.

73. (number adj2 steps).ab,ti.

74. or/53-73

75. 19 and 41 and 52 and 75

Data search strategy for ClinicalTrials.gov: ("physical activit*" OR

"Motor activity" OR "Sports" OR "Walking") AND ("electronic

monitor*" OR "technology based" OR "feedback" OR "activity

monitor" OR "telephone" OR "web")
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Appendix 2 Reasons for exclusion of the potentially included full texts

Title of the Study Main Reason for Exclusion

The effect of social support features and gamification on a Web-based intervention for rheumatoid

arthritis patients: randomized controlled trial

Does not promote physical activity

A combined patient and provider intervention for management of osteoarthritis in veterans: a

randomized clinical trial

Not appropriate feedback

Research to encourage exercise for fibromyalgia (REEF): use of motivational interviewing,

outcomes from a randomized controlled trial

Not appropriate feedback

Telephone-based self-management of osteoarthritis: a randomized trial Not appropriate feedback

Walking is a feasible physical activity for people with rheumatoid arthritis: a feasibility

randomized controlled trial

Not appropriate feedback

Telephone coaching to enhance a physiotherapist-prescribed home-based physical activity

program for knee osteoarthritis: a randomized clinical trial

Not appropriate feedback

The independent and combined effects of intensive weight loss and exercise training on bone

mineral density in overweight and obese, older adults with osteoarthritis

Not appropriate feedback

Adherence to a Web-based physical activity intervention for patients with knee and/or hip

osteoarthritis: a mixed method study

Not appropriate outcome

A pilot study of health education via a nurse-run telephone self-management programme for

elderly people with osteoarthritis

Not appropriate feedback

Coaching patients with early rheumatoid arthritis to healthy physical activity: a multicenter,

randomized, controlled study

Not appropriate feedback

The implementation of a community-based aerobic walking program for mild to moderate knee

osteoarthritis (OA): a knowledge translation (KT) randomized controlled trial (RCT): Part I: The

Uptake of the Ottawa Panel clinical practice guidelines (CPGs)

Not appropriate study design

Controlled trial of Internet-based treatment with telephone support for chronic back pain Does not promote physical activity

Randomized trial of the effectiveness of a non-pharmacological multidisciplinary face-to-face

treatment program on daily function compared to a telephone-based treatment program in

patients with generalized osteoarthritis

Does not promote physical activity

Guided internet-delivered acceptance and commitment therapy for chronic pain patients: a

randomized controlled trial

Does not promote physical activity

Fear of movement/(re)injury in chronic low back pain: education or exposure in vivo as mediator

to fear reduction?

Not appropriate feedback

Physiotherapy for sleep disturbance in people with chronic low back pain: results of a feasibility

randomized controlled trial

Not appropriate study design

Impact of telephone reinforcement and negotiated contracts on behavioral predictors of exercise

maintenance in older adults with osteoarthritis

Not appropriate feedback

Increasing physical activity in patients with arthritis: a tailored health promotion program Not appropriate study design

Sedentary behaviour in patients with rheumatoid arthritis: a qualitative study Not appropriate study design

Progressive resistance training improves overall physical activity levels in patients with early

osteoarthritis of the knee: a randomized controlled trial

Not appropriate feedback

Efficacy of patient education and supervised exercise vs patient education alone in patients with

hip osteoarthritis: a single blind randomized clinical trial

Not appropriate feedback

Group-mediated physical activity promotion and mobility in sedentary patients with knee

osteoarthritis: results from the IMPACT-pilot trial

Not appropriate feedback

Long-term effects of a combined exercise and motivation program in patients with chronic low

back pain: a five-year follow-up

Not appropriate feedback

Long-term effect of a combined exercise and motivational program on the level of disability of

patients with chronic low back pain

Not appropriate feedback

Integrating virtual reality with activity management for the treatment of fibromyalgia:

acceptability and preliminary efficacy

Not appropriate feedback

Medium-/long-term effects of a specific exercise protocol combined with patient education on

spine mobility, chronic fatigue, pain, aerobic fitness and level of disability in fibromyalgia

Not appropriate feedback

Effectiveness of a cognitive-behavioural group intervention for knee osteoarthritis pain: a

randomized controlled trial

Not appropriate feedback

A four-week walking exercise programme in patients with knee osteoarthritis improves the ability

of dual-task performance: a randomized controlled trial

Not appropriate study design

Impact of the fit and strong intervention on older adults with osteoarthritis Not appropriate feedback

Fit and strong!: bolstering maintenance of physical activity among older adults with lower-

extremity osteoarthritis

Not appropriate outcome

(continued on next page)
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Appendix 2 (continued )

Title of the Study Main Reason for Exclusion

Long-term impact of fit and strong! On older adults with osteoarthritis Not appropriate feedback

Maintenance of physical activity after Internet-based physical activity interventions in patients

with rheumatoid arthritis

Not appropriate study design

Supervised walking in comparison with fitness training for chronic back pain in physiotherapy:

results of the SWIFT single-blinded randomized controlled trial (ISRCTN17592092)

Not appropriate study design

Telephone coaching can increase activity levels for people with non-chronic low back pain: a

randomised trial

Not appropriate feedback

Mobile-Web app to self-manage low back pain: randomized controlled trial Does not promote physical activity

Written pain neuroscience education in fibromyalgia: a multicenter randomized controlled trial Does not promote physical activity

Does increasing steps per day predict improvement in physical function and pain interference in

adults with fibromyalgia?

Not appropriate feedback

First non-contingent respiratory biofeedback placebo versus contingent biofeedback in patients

with chronic low back pain: a randomized, controlled, double-blind trial

Not appropriate feedback

Effects of spouse-assisted coping skills training and exercise training in patients with

osteoarthritic knee pain: a randomized controlled study

Not appropriate feedback

The effects of exercise and education, individually or combined, in women with fibromyalgia Not appropriate feedback

Targeting motivation and self-regulation to increase physical activity among patients with

rheumatoid arthritis: a randomised controlled trial

Not appropriate feedback

Pedometer-based Internet-mediated intervention for adults with chronic low back pain:

randomized controlled trial

Not appropriate study design

Explaining physical activity maintenance after a theory-based intervention among patients with

rheumatoid arthritis: process evaluation of a randomized controlled trial

Not appropriate feedback

Are the benefits of a high-intensity progressive resistance training program sustained in

rheumatoid arthritis patients? A 3-year followup study

Not appropriate study design

The Internet-based arthritis self-management program: a one-year randomized trial for patients

with arthritis or fibromyalgia

Does not promote physical activity

Does moderate-to-high intensity Nordic walking improve functional capacity and pain in

fibromyalgia? A prospective randomized controlled trial

Not appropriate feedback

Using step cadence goals to increase moderate-to-vigorous intensity physical activity Not chronic musculoskeletal pain

Effects of self-care education on the health status of inner-city patients with osteoarthritis of the

knee

Does not promote physical activity

The efficacy of a self-managed Acceptance and Commitment Therapy intervention DVD for physical

activity initiation

Not chronic musculoskeletal pain

Type of activity pacing instruction affects physical activity variability in adults with symptomatic

knee or hip osteoarthritis

Not appropriate feedback

Efficacy of a progressive walking program and glucosamine sulphate supplementation on

osteoarthritic symptoms of the hip and knee: a feasibility trial

Not appropriate study design

Physical fitness and work capacity in women with rheumatoid arthritis Not appropriate study design

Is telephysiotherapy an option for improved quality of life in patients with osteoarthritis of the

knee?

Not appropriate feedback

Web/Internet-based telemonitoring of a randomized controlled trial evaluating the time-

integrated effects of a 24-week multicomponent intervention on key health outcomes in

patients with fibromyalgia

Not appropriate feedback

Delivering an Optimised Behavioural Intervention (OBI) to people with low back pain with high

psychological risk; results and lessons learnt from a feasibility randomised controlled trial of

Contextual Cognitive Behavioural Therapy (CCBT) vs. Physiotherapy

Not appropriate feedback

Physical-activity coaching and health status in rheumatoid arthritis: a person-oriented approach Not appropriate feedback

Physical activity coaching of patients with rheumatoid arthritis in everyday practice: a long-term

follow-up

Not appropriate feedback

Effects of a Web-based intervention for adults with chronic conditions on patient activation:

online randomized controlled trial

Does not promote physical activity

A randomized controlled trial of a wellness intervention for women with fibromyalgia syndrome Does not promote physical activity

Six-week high-intensity exercise program for middle-aged patients with knee osteoarthritis: a

randomized controlled trial

Not appropriate feedback

Eight months of physical training in warm water improves physical and mental health in women

with fibromyalgia: a randomized controlled trial

Does not promote physical activity

(continued on next page)
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Appendix 2 (continued )

Title of the Study Main Reason for Exclusion

A brief intervention utilising visual feedback reduces pain and enhances tactile acuity in CLBP

patients

Does not promote physical activity

Motivational interviewing and exercise programme for community-dwelling older persons with

chronic pain: a randomised controlled study

Not appropriate feedback

The Web-based osteoarthritis management resource my joint pain improves quality of care: a

quasi-experimental study

Not appropriate feedback

Engagement and satisfaction with an Internet-based physical activity intervention in patients

with rheumatoid arthritis

Not appropriate outcome

Using Internet technology to deliver a home-based physical activity intervention for patients with

rheumatoid arthritis: a randomized controlled trial

Not appropriate study design

Internet-enhanced management of fibromyalgia: a randomized controlled trial Does not promote physical activity

Effectiveness of a Web-based physical activity intervention in patients with knee and/or hip

osteoarthritis: randomized controlled trial

Not appropriate feedback

Effects of lifestyle physical activity on perceived symptoms and physical function in adults with

fibromyalgia: results of a randomized trial

Not appropriate study design

Effects of lifestyle physical activity in adults with fibromyalgia results at follow-up Not appropriate study design

A home-based pedometer-driven walking program to increase physical activity in older adults with

osteoarthritis of the knee: a preliminary study

Not appropriate study design
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Appendix 3 Characteristics of the included registry entries or ongoing trials

Registration No.

(Registration Year)

Condition, Study Status,*

and Estimated Sample Size Interventions

Feedback

Method Outcomes and Time Points

NCT02284958 (2014) Condition: Low back pain

Status: Recruiting

Sample size: 200

GI: Pedometer-based walking program over 3mo

with instructions to increase daily step count

plus back care advice and education

GMI: Back care advice and education about self-

management and the benefits of staying active

Pedometer Disability, physical activity level, and quality of life

12-wk, 6-mo, and 12-mo follow-ups

NCT02585323 (2015) Condition: Knee osteoarthritis

Status: Recruiting

Sample size: 60

GI: A brief education session on physical

activity, an individual goal-setting session,

and orientation to use the Fitbit and Mac app

GMI: An intervention with 3mo of delay,

including a brief education session on physical

activity, an individual goal-setting session,

and orientation to use the Fitbit and Mac app

Fitbit Pain, disability, physical activity level, and quality of life

3-, 6-, and 9-mo follow-ups

NCT02315664 (2014) Condition: Knee osteoarthritis

Status: Completed

Sample size: 64

GI: A brief education session, remote coaching

with a PT, and use of the Fitbit to

progressively modify the participants’ activity

GMI: An intervention with 2mo of delay,

including a brief education session on physical

activity, remote coaching with a PT, and use of

the Fitbit to progressively modify the

participants’ activity

Fitbit Pain, disability, physical activity level, and quality of life

2-, 4-, and 6-mo follow-ups

ACTRN12615000189527 (2015) Condition: Low back pain

Status: Recruiting

Sample size: 68

GI: The intervention group will receive an

individually tailored lifestyle modification,

involving 1 single face-to-face health

coaching session and fortnightly telephone

counseling sessions over 6mo. The

intervention will support the use of mobile

health, which includes a specifically designed

mobile web app and physical activity

monitoring device (Fitbit)

GMI: Physical activity booklet advice

Fitbit Pain, disability, and physical activity level

6- and 12-mo follow-ups

Abbreviations: GI, physical activity intervention group; GMI, minimal intervention group; PT, physical therapist.

* Study status refers to whether the registered study is “recruiting,” “not yet recruiting,” or “completed” as of January 14, 2017.
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