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IMPORTANCE Lower back pain (LBP) is a prevalent and challenging condition in primary care.
The effectiveness of an individually tailored self-management support tool delivered via
a smartphone app has not been rigorously tested.

OBJECTIVE To investigate the effectiveness of SELFBACK, an evidence-based, individually
tailored self-management support system delivered through an app as an adjunct to usual
care for adults with LBP-related disability.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial with an intention-to-treat
data analysis enrolled eligible individuals who sought care for LBP in a primary care or an
outpatient spine clinic in Denmark and Norway from March 8 to December 14, 2019.
Participants were 18 years or older, had nonspecific LBP, scored 6 points or higher on the
Roland-Morris Disability Questionnaire (RMDQ), and had a smartphone and access to email.

INTERVENTIONS The SELFBACK app provided weekly recommendations for physical activity,
strength and flexibility exercises, and daily educational messages. Self-management
recommendations were tailored to participant characteristics and symptoms. Usual care
included advice or treatment offered to participants by their clinician.

MAIN OUTCOMES AND MEASURES Primary outcome was the mean difference in RMDQ scores
between the intervention group and control group at 3 months. Secondary outcomes
included average and worst LBP intensity levels in the preceding week as measured on the
numerical rating scale, ability to cope as assessed with the Pain Self-Efficacy Questionnaire,
fear-avoidance belief as assessed by the Fear-Avoidance Beliefs Questionnaire, cognitive and
emotional representations of illness as assessed by the Brief Illness Perception Questionnaire,
health-related quality of life as assessed by the EuroQol-5 Dimension questionnaire, physical
activity level as assessed by the Saltin-Grimby Physical Activity Level Scale, and overall
improvement as assessed by the Global Perceived Effect scale. Outcomes were measured
at baseline, 6 weeks, 3 months, 6 months, and 9 months.

RESULTS A total of 461 participants were included in the analysis; the population had
a mean [SD] age of 47.5 [14.7] years and included 255 women (55%). Of these participants,
232 were randomized to the intervention group and 229 to the control group. By the
3-month follow-up, 399 participants (87%) had completed the trial. The adjusted mean
difference in RMDQ score between the 2 groups at 3 months was 0.79 (95% CI, 0.06-1.51;
P = .03), favoring the SELFBACK intervention. The percentage of participants who reported
a score improvement of at least 4 points on the RMDQ was 52% in the intervention group
vs 39% in the control group (adjusted odds ratio, 1.76; 95% CI, 1.15-2.70; P = .01).

CONCLUSIONS AND RELEVANCE Among adults who sought care for LBP in a primary care or
an outpatient spine clinic, those who used the SELFBACK system as an adjunct to usual care
had reduced pain-related disability at 3 months. The improvement in pain-related disability
was small and of uncertain clinical significance. Process evaluation may provide insights into
refining the SELFBACK app to increase its effectiveness.
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L ower back pain (LBP) is the leading cause of disability
worldwide, and its burden is expected to grow in the
coming decades.1-3 In the United States, LBP accounts

for at least 264 million lost workdays per year, equating to more
than 2 lost workdays per year for every full-time employee.4

Despite the vast amount of allocated health care resources,
the burden of LBP has increased substantially over the past 3
decades.5 In 2016, lower back and neck pain accounted for the
highest amount of health care spending in the United States.6

In the United States, LBP is the third most common rea-
son for individuals to visit their primary care physician.7 A
specific cause of LBP can rarely be identified and is most often
diagnosed as being nonspecific.8 Evidence-based self-
management support that is tailored to the needs and abilities
of the patient is recommended as part of the first-line treat-
ment for nonspecific LBP.9-12 This support includes providing
patients with adequate information, reassurance, and educa-
tion as well as advice to maintain daily activities and exercise
regularly.11,13 However, primary care physicians generally lack
the time, resources, and training to deliver such support,14 and
adherence to self-management recommendations without
feedback or reinforcement is challenging for most patients.15

Smartphone technology along with knowledge-driven artifi-
cial intelligence (AI) can be used to make tailored self-
management support available to patients.16 A recent meta-
analysis of randomized clinical trials concluded that e-health
programs may be beneficial in LBP self-management.17

Informed by current best clinical evidence and knowledge-
driven AI, we developed SELFBACK, an innovative decision
support system, to facilitate, improve, and reinforce self-
management of LBP.18 In this randomized clinical trial, we in-
vestigated the effectiveness of SELFBACK, an evidence-
based, individually tailored self-management support system
delivered via an app as an adjunct to usual care for adults with
LBP-related disability who sought care in a primary care or an
outpatient spine clinic. We hypothesized that patients who
were randomized to receive the SELFBACK intervention would
have a lower LBP-related disability score and favorable other
outcomes after 3 months compared with those who were ran-
domized to receive usual care alone.

Methods
Study Design, Setting, and Participants
The randomized clinical trial was approved by the Danish Data
Protection Agency and regional ethics committees in Den-
mark and Norway. All potential participants provided written
informed consent before trial enrollment. The trial protocol has
been published elsewhere.19,20 We followed the Consoli-
dated Standards of Reporting Trials (CONSORT) reporting
guideline.

We recruited adults who were 18 years or older, had non-
specific LBP within the preceding 8 weeks, scored 6 points or
higher on the Roland-Morris Disability Questionnaire (RMDQ)
at the time of screening, had consulted a clinician (general prac-
titioner, physiotherapist, or chiropractor) in the region of
Southern Denmark or in the Trondheim municipality in

Norway or had undergone a clinical examination at an out-
patient spine clinic (Spine Centre of Southern Denmark), had
a smartphone (with an iOS or Android operating system),
and had access to email. Exclusion criteria were the inability
to carry out the intervention (ie, problems with speaking,
reading, or understanding Danish or Norwegian; mental or
physical conditions that limited participation; or inability to
perform physical exercise), fibromyalgia, previous spinal
surgery, current pregnancy, current participation in other
LBP-focused research, or an RMDQ score lower than 6 points
at screening.

Eligible individuals were enrolled between March 8 to
December 14, 2019. Figure 1 shows the flow of participants
through the trial.

Randomization to Intervention Group or Control Group
Participants completed a web-based questionnaire and were
thereafter randomized. A web-based trial management sys-
tem, administered by the Unit for Applied Clinical Research,
Faculty of Medicine and Health Sciences of the Norwegian
University of Science and Technology, was used in random-
ization. Group allocation was concealed by the trial manage-
ment system until the randomization was performed. Partici-
pants were randomized in a 1:1 ratio using permuted blocks
with random sizes from 4 to 20 and stratified by country
(Denmark or Norway) and clinician (general practitioner, phys-
iotherapist, chiropractor, or outpatient clinic). Participants were
not blinded to group allocation after randomization. Partici-
pants who were randomized to receive usual care (control
group) were instructed to manage their LBP according to the
advice or treatment offered by their clinician. Participants who
were randomized to receive the SELFBACK self-management
support system in addition to usual care (intervention group)
were instructed to install the AI-based SELFBACK app to their
smartphone and to wear a step-detecting wristband (Mi Band
3; Xiaomi) that was connected to the app. The app also works
with other commercially available step-detecting wristbands
and the built-in step counter in smartphones. A research
assistant (including some of us: L.F.S., C.K.Ø., T.D., J.S.D.J., A.K.,
A.L.N., and E.M.B.) guided the app installation and briefly
introduced the app functions in a face-to-face meeting with
the participant. Participants were instructed to use the app

Key Points
Question Is SELFBACK, an evidence-based, individually tailored
self-management support system that is delivered through an
artificial intelligence–based app and in conjunction with usual care,
effective for pain-related disability in adults with lower back pain?

Findings In this randomized clinical trial involving 461 participants
in Denmark and Norway, those who received the SELFBACK
intervention had reduced pain-related disability compared with
those who received usual care alone. However, the effect may be
too small to be clinically meaningful.

Meaning The findings of this trial and process evaluation may
inform and encourage further development of the SELFBACK
intervention to increase its effectiveness.
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at their convenience and for as long as they needed, and no
directives were given regarding the end point of use. They were
informed that the app was a supplement to their usual care and
that they should follow any advice given by their clinician.

The SELFBACK intervention is an evidence-based deci-
sion support system that provides weekly, individually tai-
lored self-management recommendations for 3 main compo-
nents that are endorsed by clinical guidelines11,12,21: (1) physical
activity (number of steps), (2) strength and flexibility exer-
cises, and (3) daily educational messages. In addition, the app
provides general information about LBP and access to several
tools (goal setting, mindfulness audios, pain-relieving exer-
cises, and sleep reminders) that participants could use at their
convenience.

A detailed description of the intervention is presented in
the eAppendix in Supplement 1. The development of the evi-
dence-based content as well as the design, architecture, and
functions of the SELFBACK system have been described in
detail elsewhere.18,22 Briefly, the weekly self-management rec-

ommendations are tailored to the participant’s characteris-
tics, symptoms, and symptom progression, which are re-
ported through the app by using case-based reasoning,23 a
branch of knowledge-driven AI.24,25 In the SELFBACK system,
the core of case-based reasoning is knowledge of previous suc-
cessful cases along with data about the current case, which
enables the system to provide patient-centered recommen-
dations based on current needs and past interventions that
proved effective. By following the weekly recommendations,
participants could collect badges and rewards that are dis-
played on the app. In this trial, encouraging and commend-
ing push notifications, triggered by the participants’ behav-
iors, were sent to the participants’ smartphones to motivate
and reinforce the desired behavior.

Outcomes and Follow-up
Outcomes were evaluated using a web-based questionnaire at
baseline, 6 weeks, 3 months, 6 months, and 9 months. Socio-
demographic information was collected at baseline (Table 1).

Figure 1. CONSORT Diagram

1065 Individuals expressed interest in the study

857 Assessed for eligibility

229 Included in intention-to-treat
analysis at 3-mo follow-up

232 Included in intention-to-treat
analysis at 3-mo follow-up

63 Could not be reached
145 Refused to participate

172 Underwent 6-wk follow-up
190 Underwent 3-mo follow-up
182 Underwent 6-mo follow-up
182 Underwent 9-mo follow-up
11 Discontinued intervention at 6 wk
5 Discontinued intervention at 3 mo
2 Discontinued intervention at 6 mo
2 Discontinued intervention at 9 moc

196 Underwent 6-wk follow-up
209 Underwent 3-mo follow-up
167 Underwent 6-mo follow-up
170 Underwent 9-mo follow-up

4 Discontinued intervention at 6 wk
5 Discontinued intervention at 3 mo

14 Discontinued intervention at 6 mo
3 Discontinued intervention at 9 mod

461 Randomized

396 Excluded
305 Did not meet inclusion criteriaa

27 Refused to participate
64 Other reasonsb

229 Randomized to control group
228 Received usual care

1 Did not receive usual care
(did not want to participate)

232 Randomized to intervention group
232 Received SELFBACK app

a Individuals were excluded for having no lower back pain (n = 48),
a Roland-Morris Disability Questionnaire score lower than 6 points (n = 235),
and inadequate smartphone (n = 22).

b Other reasons for exclusion were being younger than 18 years (n = 2); being
unable to speak, read, or understand the national language (n = 2); having
mental or physical conditions that limited participation (n = 12); being unable
to take part in exercise or physical activity (n = 5); having fibromyalgia
diagnosis (n = 11); participating currently in other lower back research (n = 2);
and having previous back surgery (n = 30).

c Reasons for discontinuation of usual care included work pressure (n = 2),
randomization to usual care (n = 2), unknown reasons (n = 10), personal
reasons (n = 1), lack of time (n = 2), questionnaire issues (n = 1), not
understanding the concept (n = 1), and “too much hassle” (n = 1).

d Reasons for discontinuation of the SELFBACK intervention included work
pressure (n = 2), knee injury (n = 1), unknown reasons (n = 12), surgery (n = 2),
personal reasons (n = 1), lack of time (n = 1), questionnaire issues (n = 2),
technical issues with app or wristband (n = 4), and starting other new
treatment (n = 1).
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Following the prespecified statistical analysis plan (Supple-
ment 2), we assessed the primary outcome as the mean dif-
ference in RMDQ scores between the intervention group and
control group at 3 months. The RMDQ is a reliable and valid
measure of pain-related disability in people with nonspecific
LBP.26 The RMDQ scale ranges from 0 to 24 points, with higher
scores indicating more pain-related disability. In addition, we
examined the difference in the percentage of participants who
reported achieving at least a 2- or 4-point improvement in
RMDQ score. There is no clear consensus on what constitutes

a clinically meaningful change on the RMDQ scale, but sev-
eral studies have indicated that meaningful change is likely to
be a score ranging from 2 to 4 points.27-30

Prespecified secondary outcomes included average and
worst LBP intensity levels in the preceding week as measured
on the numerical rating scale (range: 0-10, with higher scores
indicating higher intensity)31; confidence in ability to cope de-
spite pain as assessed with the Pain Self-Efficacy Question-
naire (range: 0-60, with higher scores indicating greater
confidence)32; fear-avoidance belief as assessed by the Fear-

Table 1. Baseline Characteristics of the Study Participants

Variable

No. (%)
All
participants
(N = 461)

Control group:
usual care
(n = 229)

Intervention group:
SELFBACK system
(n = 232)

Sociodemographic characteristics

Age, mean (SD) [range], y 47.5 (14.7) [18-86] 46.7 (14.4) [18-81] 48.3 (15.0) [20-86]

BMI, mean (SD) [range] 27.6 (5.1) [17-54] 27.8 (5.4) [18-54] 27.3 (4.7) [17-46]

Female sex 255 (55) 134 (59) 121 (52)

Male sex 206 (45) 95 (41) 111 (48)

Educational achievement: >12 y 297 (64) 145 (63) 152 (66)

Full-time employment 281 (61) 143 (62) 138 (59)

Married or living with partner 332 (72) 158 (69) 174 (75)

Clinical setting of patient recruitment

General practitioner 68 (15) 34 (15) 34 (15)

Physiotherapist 135 (29) 67 (29) 68 (29)

Chiropractor 160 (35) 79 (35) 81 (35)

Outpatient back clinic 98 (21) 49 (21) 49 (21)

LBP history

Duration of current pain episode: >12 wk 267 (58) 136 (59) 131 (56)

No. of days with LBP in past year

1-7 17 (4) 6 (3) 11 (5)

8-30 61 (13) 33 (14) 28 (12)

>30 186 (40) 90 (39) 96 (41)

Daily 197 (43) 100 (44) 97 (42)

Use of pain medication

None 94 (20) 50 (22) 44 (19)

1-2 d 85 (18) 39 (17) 46 (20)

3-5 d 125 (27) 66 (29) 59 (25)

Daily 157 (34) 74 (32) 83 (36)

Baseline measure of primary outcome

RMDQ score, range: 0-24, mean (SD) 10.4 (4.4) 10.6 (4.4) 10.3 (4.4)

Baseline measures of secondary outcomes

LBP intensity level, NRS range: 0-10,
mean (SD)

Average pain intensity level in past week 4.9 (1.9) 4.9 (1.9) 4.8 (2.0)

Worst pain intensity level in past week 6.6 (1.9) 6.6 (2.0) 6.6 (1.9)

PSEQ score, range: 0-60, mean (SD) 44.1 (11.1) 43.6 (11.2) 44.6 (10.9)

FABQ score, range: 0-24, mean (SD) 10.3 (5.4) 10.2 (5.2) 10.5 (5.7)

BIPQ score, range: 0-80, mean (SD) 44.0 (10.9) 45.3 (10.4) 42.8 (11.2)

EQ-VAS score, range: 0-100, mean (SD) 66.2 (16.5) 65.2 (16.7) 67.1 (16.3)

EQ-5D weighted score,
range: −0.62 to 1.00, mean (SD)

0.70 (0.13) 0.70 (0.14) 0.71 (0.11)

SGPALS

Sedentary 33 (7) 18 (8) 15 (6)

Some physical activity 239 (52) 121 (53) 118 (51)

Global Perceived Effect scale score,
range: −5 to 5

NA NA NA

Abbreviations: BIPQ, Brief Illness
Perception Questionnaire; BMI, body
mass index (calculated as weight in
kilograms divided by height in meters
squared); EQ-5D, EuroQol-5
Dimension; EQ-VAS, EuroQol visual
analog scale; FABQ, Fear-Avoidance
Beliefs Questionnaire; LBP, lower
back pain; NA, not applicable;
NRS, numerical rating scale;
PSEQ, Pain Self-Efficacy
Questionnaire; RMDQ, Roland-Morris
Disability Questionnaire;
SGPALS, Saltin-Grimby Physical
Activity Level Scale.
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Avoidance Beliefs Questionnaire physical activity subscale
(range: 0-24, with higher scores indicating greater fear)33; cog-
nitive and emotional representations of illness as assessed by
the Brief Illness Perception Questionnaire (range: 0-80, with
higher scores indicating greater illness perception)34; health-
related quality of life as assessed by the EuroQol-5 Dimen-
sion questionnaire, weighted according to the Danish value set
(range: −0.62 to 1.00, with higher scores indicating better health
status),35 and the EuroQol visual analog scale (range: 0-100,
with higher scores indicating better health status)36; leisure
time physical activity level as assessed by the Saltin-Grimby
Physical Activity Level Scale (4 categories: sedentary, some
physical activity, regular physical activity, and regular hard
physical activity)37; and overall improvement as assessed by
the Global Perceived Effect scale (range: −5 to 5, with scores
above 0 points indicating improvement [anchor: “very much
better”] and scores below 0 points indicating worsening
[anchor: “very much worse”]).38 In line with the prespecified
statistical analysis plan, we examined a set of additional sec-
ondary and exploratory outcomes.

Adverse Events and Power
Participant-reported occurrences of harms and adverse events
were registered and discussed in weekly trial management
meetings.

The planned sample size of at least 350 participants (175
in each group) was based on a power of 90% to detect a 2-point
mean group difference in RMDQ score at 3 months, assuming
an SD of 6 points, a correlation of 0.4 between repeated mea-
sures in the same participants, a 2-sided α = .05, and a 30%
dropout rate during follow-up.19

Statistical Analysis
The primary intention-to-treat analysis estimated the mean
group difference in RMDQ score using a constrained longitu-
dinal data analysis,39,40 in which both the baseline and all
follow-up values were modeled as dependent variables. The
baseline means were constrained to be equal for both groups,
which was reasonable because of the randomization, and the
analyses were thus adjusted for any baseline difference in the
outcome variable. The model included a random intercept
for each participant to account for the dependency in obser-
vations within participants over time. Results were presented
as mean differences with 95% CIs between the intervention
group and control group at 3- and 9-month follow-up. Fol-
lowing evidence-based recommendations,41,42 we adjusted
all effect estimates for variables used to stratify the random-
ization (by country and clinician) and for potentially impor-
tant predictors of the outcome (age [years], sex [male vs
female], educational achievement [<10, 10-12, or >12 years],
duration of current pain episode [<1, 1-4, 5-12, or >12 weeks],
and average pain intensity level in the past week at baseline
[0-10 scale]).

Preplanned sensitivity analyses of the primary outcome
included (1) multiple imputations of missing values using
a multivariate normal approach and 20 imputed data sets;
(2) a complete case analysis, including participants with data
at all time points; and (3) a per protocol analysis, including

adherent participants in the intervention group (adherence was
defined as creating ≥6 self-management plans during the first
12 weeks after randomization). We assessed the assumptions
related to the normality and homogeneity of residuals as well
as the normality of random intercepts for all models. Analy-
sis of mean group differences in secondary outcomes fol-
lowed the same analytic approach.

We used a generalized estimated equation logistic model
to estimate the odds ratio (OR) for achieving at least a 2- or
4-point improvement in RMDQ score from baseline to each fol-
low-up time point. Similar analyses were performed to esti-
mate the ORs for secondary binary outcomes that were clas-
sified according to clinically meaningful cutoffs. The number
needed to treat was calculated as the inverted risk difference
from a generalized estimated equation Poisson model. For
all generalized estimated equation models, an exchangeable
correlation structure was assumed and a robust variance es-
timator was used.

All estimates of precision were based on 2-sided tests. Sta-
tistical significance was defined as a 2-sided P < .05. All analy-
ses were performed using Stata, version 16.1 (StataCorp LLC).

Results
Among the 1065 individuals who expressed interest in the
study, 461 were randomized to the intervention group (n = 232)
or the control group (n = 229) (Figure 1). Overall, 317 partici-
pants (69%) were recruited in Denmark and 144 participants
(31%) were recruited in Norway. The primary reason for ex-
clusion was an RMDQ score lower than 6 points (n = 235).
Among participants in the intervention group, 181 (78%) ad-
hered to SELFBACK in addition to the usual care intervention.
Complete data on the RMDQ were obtained from 368 partici-
pants (80%) at 6 weeks, 399 (87%) at 3 months, 349 (76%)
at 6 months, and 352 (76%) at 9 months.

Among study participants, 255 (55%) were women, 206
(45%) were men, the mean (SD) age was 47.5 (14.7) years, and
the mean (SD) body mass index (calculated as weight in kilo-
grams divided by height in meters squared) was 27.6 (5.1)
(Table 1). Sociodemographic characteristics, LBP history,
and primary and secondary outcome scores were similar be-
tween the 2 groups at baseline (Table 1). None of the partici-
pants reported any harms or adverse events.

Primary Outcome
From baseline to 3 months, the within-group mean (SD) change
in RMDQ score was 3.0 (4.5) points for the control group and
3.7 (4.5) points for the intervention group. At 3 months, the ad-
justed mean RMDQ score was −0.79 (95% CI, −1.51 to −0.06;
P = .03) points lower in the intervention group compared with
the control group (Table 2). This effect was sustained at
9 months (score, −0.88; 95% CI, −1.64 to −0.11 points) (Table 2,
Figure 2, and eTable 1 in Supplement 1) but was somewhat at-
tenuated in sensitivity analyses (score, −0.78; 95% CI, −1.54
to −0.03 points) (eTable 1 in Supplement 1).

The percentage of participants who reported a score
improvement of at least 4 points on the RMDQ from base-
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line to 3 months was 52% (n = 108 of 209 participants) in
the intervention group vs 39% (n = 74 of 190 participants)
in the control group, corresponding to an adjusted OR for
improvement in the intervention group of 1.76 (95% CI, 1.15-
2.70; P = .01) (Table 3 and Figure 2) compared with the con-
trol group. This result corresponded to a number needed
to treat of 7.3 (95% CI, 4.3-24.1). Analysis for the score
improvement of 2 points or more is presented in eTable 2 in
Supplement 1.

Secondary Outcomes
At 3 months, between-group differences in favor of the inter-
vention group were observed for average pain intensity level in
the preceding week (−0.62; 95% CI, −0.99 to −0.26; P = .001),
worst pain intensity level in the preceding week (−0.73; 95% CI,
−1.15 to −0.31; P = .001), Pain Self-Efficacy Questionnaire score
(2.52; 95% CI, 1.04-3.99; P = .001), Brief Illness Perception Ques-
tionnaire score (−4.57; 95% CI, −6.42 to −2.72; P < .001), and
Global Perceived Effect scale score (0.70; 95% CI, 0.39-1.01;

Table 2. Differences in Primary and Secondary Outcomes at 3- and 9-Month Follow-up

Variable

Mean (SD)a

Between-group
differences, adjusted
mean score (95% CI)c

All
participants
(N = 461)

Control
group:
usual care
(n = 229)

Intervention
group:
SELFBACK
system
(n = 232)b

Primary outcome

RMDQ score

Baseline 10.4 (4.4) NA

3-mo Follow-up 7.4 (5.4) 6.7 (4.7) −0.79 (−1.51 to −0.06)

9-mo Follow-up 6.9 (5.6) 6.0 (5.3) −0.88 (−1.64 to −0.11)

Secondary outcomes

Average pain intensity level
in preceding wk,
score range: 0-10

Baseline 4.9 (1.9) NA

3-mo Follow-up 3.9 (2.4) 3.3 (2.2) −0.62 (−0.99 to −0.26)

9-mo Follow-up 3.7 (2.4) 3.0 (2.3) −0.69 (−1.07 to −0.30)

Worst pain intensity level
in preceding wk,
score range: 0-10

Baseline 6.6 (1.9) NA

3-mo Follow-up 5.2 (2.7) 4.4 (2.5) −0.73 (−1.15 to −0.31)

9-mo Follow-up 5.0 (2.8) 4.0 (2.6) −1.00 (−1.45 to −0.56)

PSEQ score, range: 0-60

Baseline 44.1 (11.0) NA

3-mo Follow-up 46.6 (11.2) 49.2 (9.9) 2.52 (1.04 to 3.99)

9-mo Follow-up 46.9 (11.0) 50.2 (9.7) 3.25 (1.71 to 4.79)

FABQ score, range: 0-24

Baseline 10.3 (5.4) NA

3-mo Follow-up 9.1 (5.4) 8.6 (5.6) −0.43 (−1.34 to 0.48)

9-mo Follow-up 8.7 (5.6) 7.8 (5.5) −0.83 (−1.79 to 0.13)

BIPQ score, range: 0-80

Baseline 44.0 (10.9) NA

3-mo Follow-up 40.4 (13.5) 35.8 (14.2) −4.57 (−6.42 to −2.72)

9-mo Follow-up 38.0 (14.9) 34.1 (14.9) −3.88 (−5.81 to −1.95)

EQ-VAS score, range: 0-100

Baseline 66.2 (16.5) NA

3-mo Follow-up 70.6 (17.4) 70.9 (16.9) 0.36 (−2.42 to 3.14)

9-mo Follow-up 71.9 (17.9) 73.4 (16.1) 1.54 (−1.38 to 4.45)

EQ-5D weighted score,
range: −0.6 to 1.0

Baseline 0.70 (0.13) NA

3-mo Follow-up 0.74 (0.13) 0.76 (0.12) 0.02 (−0.01 to 0.04)

9-mo Follow-up 0.76 (0.14) 0.78 (0.13) 0.02 (0.00 to 0.05)

Global Perceived Effect
scale score, range: −5 to 5

Baseline NA NA

3-mo Follow-up 1.2 (1.9) 2.0 (1.9) 0.70 (0.39 to 1.01)

9-mo Follow-up 1.3 (2.2) 2.2 (2.0) 0.81 (0.49 to 1.15)

Abbreviations: BIPQ, Brief Illness
Perception Questionnaire;
EQ-5D, EuroQol-5 Dimension;
EQ-VAS, EuroQol visual analog scale;
FABQ, Fear-Avoidance Beliefs
Questionnaire; NA, not applicable;
PSEQ, Pain Self-Efficacy
Questionnaire; RMDQ, Roland-Morris
Disability Questionnaire.
a Marginal means were from a crude

linear mixed model, and SDs were
from raw data among persons with
information at the specific time
points.

b App-delivered self-management
support in addition to usual care.

c Adjusted for stratification variables
(country and clinician), educational
achievement (<10, 10-12, or
>12 years), duration of current pain
episode (<1, 1-4, 5-12, or >12 weeks),
average pain intensity level in the
past week at baseline (continuous,
range: 0-10), sex (male vs female),
and age (years).
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P < .001) (Table 2). Fear-avoidance beliefs, health-related qual-
ity of life (Table 2), and physical activity (eTable 3 in Supple-
ment 1) did not differ between groups at 3 months. The between-
group differences for the secondary outcomes were sustained
at 9 months (Table 2 and eTable 3 in Supplement 1), although
the differences were smaller than previously reported as clini-
cally relevant for populations with LBP. Exploratory outcomes
are reported in eTables 4 and 5 in Supplement 1.

Discussion
Among adults who sought care for LBP, those who were random-
ized to receive SELFBACK, an evidence-based and individually
tailored self-management support system delivered through
an AI-based app as an adjunct to usual care, showed reduced
pain-related disability at 3 months compared with those who
were randomized to receive usual care alone. However, this ef-
fect was less than the expected 2-point score improvement on
the RMDQ. The clinical significance of this finding is therefore
uncertain, although a larger percentage of participants in the in-
terventiongroupachievedaclinicallymeaningfulscoreimprove-
ment of 4 points or higher on the RMDQ at 3 months compared
with the control group (52% vs 39%). Between-group differences
for the secondary outcomes at 3 months favored the interven-

tion, but the effects were small. Overall, the results for the pri-
mary and secondary outcomes were sustained at 9 months.

To our knowledge, this randomized clinical trial was the
first to use an AI-based app to deliver evidence-based and in-
dividually tailored self-management support to adults with
LBP. Previously, AI was used in LBP classification but not for
prognosis or guiding treatment.43 The results of the current trial
complement evidence from previous systematic reviews of
randomized clinical trials that showed that nonpharmacologi-
cal active treatments, such as exercise or mindfulness-based
stress reduction, may ease LBP-related disability.44 Further-
more, a recent meta-analysis concluded that digital support
systems may be beneficial in LBP self-management.17

Although no general consensus on this issue has been
reached, a clinically relevant score improvement may range from
2 to 4 points on the RMDQ.27,29,30 The within-group RMDQ score
change at 3 months was 3.0 points for the control group and 3.7
points for the intervention group. Although the between-
group difference was smaller than the clinically relevant dif-
ference, the addition of the SELFBACK system to usual care may
potentially enable the achievement of a clinically meaningful
within-group change. This hypothesis is supported by the sub-
stantially larger percentage of participants achieving a score
improvement of 4 points or higher on the RMDQ in the inter-
vention group compared with the control group.

Figure 2. Roland-Morris Disability Questionnaire Scores and Reported Score Improvement at All Time Points
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Table 3. Proportion of Participants Who Reported Improvement and Group Comparisons at 3- and 9-Month Follow-up

Reported ≥4-point
improvement
on RMDQ

Control group: usual care Intervention group: SELFBACK systema

Between-group
differences,
OR (95% CI)b,c

No. of participants reporting
improvement/No. of
participants (% reporting) OR (95% CI)b

No. of participants reporting
improvement/No. of
participants (% reporting) OR (95% CI)b

Baseline 0/229 (NA) NA 0/232 (NA) NA NA

3-mo follow-up 74/190 (39) 1.11 (0.77- 1.61) 108/209 (52) 1.96 (1.25-3.07) 1.76 (1.15-2.70)

9-mo follow-up 82/182 (45) 1.50 (1.05-2.14) 95/170 (56) 2.45 (1.53-3.92) 1.63 (1.04-2.55)

Abbreviations: NA, not applicable; OR, odds ratio; RMDQ, Roland-Morris
Disability Questionnaire.
a App-delivered self-management support in addition to usual care.
b Adjusted for stratification variables (country and clinician), educational

achievement (<10, 10-12, or >12 years), duration of current pain episode
(<1, 1-4, 5-12, or >12 weeks), average pain intensity level in the past week at
baseline (continuous, range: 0-10), sex (male vs female), and age (years).

c Usual care was used as reference group.
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Strengths and Limitations
This trial has several strengths. First, it includes a patient-
centered intervention, well-balanced baseline characteris-
tics between groups, an intervention that was delivered ac-
cording to protocol, a smaller loss to follow-up than anticipated,
blinded analysis, and small but consistent between-group dif-
ferences for the primary outcome and several disparate sec-
ondary outcomes that were sustained at 9 months. Second,
the participants were recruited from diverse primary care set-
tings, and there were few restrictions on participant charac-
teristics and no upper limits on age, thereby enhancing the
generalizability of the findings. Further research is needed to
identify the active components of the intervention and the
potential moderators, such as digital health literacy. Process
evaluation,45 including interviews with participants and
clinicians, may provide valuable insights into how to refine the
SELFBACK app to increase its effectiveness.

The trial also has some limitations. First, the participants
werenotblinded.However,participantsintheinterventiongroup
did not receive additional attention from the researchers beyond
the app installation and initial instructions. Nevertheless, this
situation may have introduced a performance bias that overes-
timated the effect of the SELFBACK system. Second, health care

use was not monitored during the follow-up. A possible syner-
gistic effect between self-management support and usual care
cannot be excluded. Third, the step-detecting wristband worn
by participants in the intervention group may have introduced
an additional benefit that is independent of using the SELFBACK
app. Fourth, the per-protocol analyses could be biased if partici-
pants who engaged with the app during the follow-up period had
a different prognosis from those who had little app usage. Fur-
ther research is required to determine the cost-effectiveness and
long-term benefits (beyond 9 months) of the SELFBACK system.

Conclusions
Among adults with LBP who sought care in a primary care or
an outpatient spine clinic, those who received the AI-based
SELFBACK system as an adjunct to usual care had less LBP-
related disability at 3 months compared with those who re-
ceived usual care alone. This difference was sustained at
9 months. However, the improvement in pain-related disabil-
ity was small and of uncertain clinical significance. Process
evaluation may provide insights into refining the SELFBACK
app to increase its effectiveness.

ARTICLE INFORMATION

Accepted for Publication: June 11, 2021.

Published Online: August 2, 2021.
doi:10.1001/jamainternmed.2021.4097

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2021 Sandal LF et al. JAMA Internal Medicine.

Author Affiliations: Department of Sports Science
and Clinical Biomechanics, University of Southern
Denmark, Odense, Denmark (Sandal, Øverås,
Svendsen, Dalager, Stejnicher Drongstrup Jensen,
Stochkendahl, Hartvigsen, Kjær, Sjøgaard,
Søgaard); Department of Computer Science,
Norwegian University of Science and Technology,
Trondheim, Norway (Bach, Ashikhmin);
Department of Public Health and Nursing,
Norwegian University of Science and Technology,
Trondheim, Norway (Øverås, Kongsvold,
Nordstoga, Bardal, Nilsen, Mork); Musculoskeletal
Disorders and Physical Workload, National
Research Centre for the Working Environment,
Copenhagen, Denmark (Svendsen, Rasmussen);
Institute of Health and Wellbeing, University of
Glasgow, Glasgow, United Kingdom (Wood, Nicholl,
Mair); Nordic Institute of Chiropractic and Clinical
Biomechanics, Odense, Denmark (Stochkendahl,
Hartvigsen); Robert Gordon University School
of Computing, Aberdeen, United Kingdom
(Wiratunga); Robert Gordon University School
of Health Sciences, Aberdeen, United Kingdom
(Cooper).

Author Contributions: Dr Mork had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of
the data analysis. Drs Søgaard and Mork shared
last authorship.
Concept and design: Sandal, Bach, Øverås,
Svendsen, Kongsvold, Wood, Rasmussen,
Stochkendahl, Nicholl, Wiratunga, Cooper,
Hartvigsen, Kjaer, Sjøgaard, Nilsen, Mair,
Søgaard, Mork.

Acquisition, analysis, or interpretation of data:
Sandal, Bach, Dalager, Stejnicher Drongstrup
Jensen, Nordstoga, Bardal, Ashikhmin, Wood,
Stochkendahl, Cooper, Hartvigsen, Nilsen, Mair,
Søgaard, Mork.
Drafting of the manuscript: Sandal, Ashikhmin,
Stochkendahl, Søgaard, Mork.
Critical revision of the manuscript for important
intellectual content: Sandal, Bach, Øverås,
Svendsen, Dalager, Stejnicher Drongstrup Jensen,
Kongsvold, Nordstoga, Bardal, Wood, Rasmussen,
Stochkendahl, Nicholl, Wiratunga, Cooper,
Hartvigsen, Kjaer, Sjøgaard, Nilsen, Mair,
Søgaard, Mork.
Statistical analysis: Sandal, Nilsen, Mork.
Obtained funding: Bach, Rasmussen, Nicholl,
Wiratunga, Sjøgaard, Mair, Søgaard, Mork.
Administrative, technical, or material support:
Sandal, Bach, Svendsen, Dalager, Stejnicher
Drongstrup Jensen, Kongsvold, Nordstoga, Bardal,
Ashikhmin, Nicholl, Cooper, Hartvigsen, Kjaer, Mair,
Søgaard, Mork.
Supervision: Sandal, Bach, Øverås, Stochkendahl,
Hartvigsen, Kjaer, Sjøgaard, Mair, Søgaard, Mork.
Other - Input to interpretation and discussion of
results: Kjaer.

Conflict of Interest Disclosures: Dr Kjaer reported
receiving personal fees from UCL University College
outside the submitted work. No other disclosures
were reported.

Funding/Support: This project has received
funding from the European Union Horizon 2020
research and innovation programme under grant
agreement No. 689043.

Role of the Funder/Sponsor: The funder had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review,
or approval of the manuscript; and decision to
submit the manuscript for publication.

Data Sharing Statement: See Supplement 3.

Additional Contributions: We are grateful to
Lene Aasdahl, PhD, Norwegian University of
Science and Technology (NTNU), for her assistance
with the statistical analysis. Dr Aasdahl received
compensation for her role in the study.

Additional Information: The overall aim of the
SELFBACK project was to develop a digital decision
support system and a smartphone app to support
patients to self-manage their low back pain. The
results and experiences from this trial will inform
the further development of the app, which may be
introduced into a commercial market via a licensing
agreement between the NTNU Technology Transfer
Office and a third party. Authors who were affiliated
with the Robert Gordon University, the University
of Southern Denmark, and NTNU may in the future
receive personal compensation from the NTNU
Technology Transfer Office.

REFERENCES

1. Briggs AM, Shiffman J, Shawar YR, Åkesson K,
Ali N, Woolf AD. Global health policy in the 21st
century: challenges and opportunities to arrest
the global disability burden from musculoskeletal
health conditions. Best Pract Res Clin Rheumatol.
2020;34(5):101549. doi:10.1016/j.berh.2020.101549

2. Hurwitz EL, Randhawa K, Yu H, Côté P,
Haldeman S. The Global Spine Care Initiative:
a summary of the global burden of low back and
neck pain studies. Eur Spine J. 2018;27(suppl 6):
796-801. doi:10.1007/s00586-017-5432-9

3. Kyu HH, Abate D, Abate KH, et al; GBD 2017
DALYs and HALE Collaborators. Global, regional,
and national disability-adjusted life-years (DALYs)
for 359 diseases and injuries and healthy life
expectancy (HALE) for 195 countries and
territories, 1990-2017: a systematic analysis for
the Global Burden of Disease Study 2017. Lancet.
2018;392(10159):1859-1922. doi:10.1016/S0140-6736
(18)32335-3

4. United States Bone and Joint Initiative.
The Burden of Musculoskeletal Diseases in the

Research Original Investigation Effectiveness of App-Delivered Self-management Support for Lower Back Pain–Related Disability

E8 JAMA Internal Medicine Published online August 2, 2021 (Reprinted) jamainternalmedicine.com

Downloaded From: https://jamanetwork.com/ by a Glasgow University Library User  on 08/03/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.4097?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.4097
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.4097
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.4097?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.4097
https://dx.doi.org/10.1016/j.berh.2020.101549
https://dx.doi.org/10.1007/s00586-017-5432-9
https://dx.doi.org/10.1016/S0140-6736(18)32335-3
https://dx.doi.org/10.1016/S0140-6736(18)32335-3
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.4097


United States: Prevalence, Societal and Economic
Cost. United States Bone and Joint Initiative; 2018.
Accessed December 2, 2020. https://www.
boneandjointburden.org/docs/BMUS%20Impact%
20of%20MSK%20on%20Americans%20booklet_
4th%20Edition%20%282018%29.pdf

5. Hartvigsen J, Hancock MJ, Kongsted A, et al;
Lancet Low Back Pain Series Working Group. What
low back pain is and why we need to pay attention.
Lancet. 2018;391(10137):2356-2367. doi:10.1016/
S0140-6736(18)30480-X

6. Dieleman JL, Cao J, Chapin A, et al. US health
care spending by payer and health condition,
1996-2016. JAMA. 2020;323(9):863-884.
doi:10.1001/jama.2020.0734

7. St Sauver JL, Warner DO, Yawn BP, et al.
Why patients visit their doctors: assessing the
most prevalent conditions in a defined American
population. Mayo Clin Proc. 2013;88(1):56-67.
doi:10.1016/j.mayocp.2012.08.020

8. Maher C, Underwood M, Buchbinder R.
Non-specific low back pain. Lancet. 2017;389
(10070):736-747. doi:10.1016/S0140-6736(16)
30970-9

9. Hutting N, Johnston V, Staal JB, Heerkens YF.
Promoting the use of self-management strategies
for people with persistent musculoskeletal
disorders: the role of physical therapists. J Orthop
Sports Phys Ther. 2019;49(4):212-215. doi:10.2519/
jospt.2019.0605

10. Caneiro JP, Roos EM, Barton CJ, et al. It is time
to move beyond ‘body region silos’ to manage
musculoskeletal pain: five actions to change clinical
practice. Br J Sports Med. 2020;54(8):438-439.
doi:10.1136/bjsports-2018-100488

11. Corp N, Mansell G, Stynes S, et al.
Evidence-based treatment recommendations for
neck and low back pain across Europe: a systematic
review of guidelines. Eur J Pain. 2021;25(2):275-295.
doi:10.1002/ejp.1679

12. Qaseem A, Wilt TJ, McLean RM, Forciea MA,
Phys AC; Clinical Guidelines Committee of the
American College of Physicians. Noninvasive
treatments for acute, subacute, and chronic low
back pain: a clinical practice guideline from the
American College of Physicians. Ann Intern Med.
2017;166(7):514-530. doi:10.7326/M16-2367

13. Oliveira CB, Maher CG, Pinto RZ, et al.
Clinical practice guidelines for the management
of non-specific low back pain in primary care: an
updated overview. Eur Spine J. 2018;27(11):2791-
2803. doi:10.1007/s00586-018-5673-2

14. Kamper SJ, Logan G, Copsey B, et al. What is
usual care for low back pain? a systematic review of
health care provided to patients with low back pain
in family practice and emergency departments. Pain.
2020;161(4):694-702. doi:10.1097/j.pain.
0000000000001751

15. Seid MA, Abdela OA, Zeleke EG. Adherence to
self-care recommendations and associated factors
among adult heart failure patients: from the
patients’ point of view. PLoS One. 2019;14(2):
e0211768. doi:10.1371/journal.pone.0211768

16. Rabbi M, Pfammatter A, Zhang M, Spring B,
Choudhury T. Automated personalized feedback
for physical activity and dietary behavior change
with mobile phones: a randomized controlled trial
on adults. JMIR Mhealth Uhealth. 2015;3(2):e42.
doi:10.2196/mhealth.4160

17. Du S, Liu W, Cai S, Hu Y, Dong J. The efficacy of
e-health in the self-management of chronic low
back pain: a meta analysis. Int J Nurs Stud. 2020;
106:103507. doi:10.1016/j.ijnurstu.2019.103507

18. Mork PJ, Bach K; selfBACK Consortium.
A decision support system to enhance
self-management of low back pain: protocol for
the selfBACK project. JMIR Res Protoc. 2018;7(7):e167.
doi:10.2196/resprot.9379

19. Sandal LF, Stochkendahl MJ, Svendsen MJ,
et al. An app-delivered self-management program
for people with low back pain: protocol for the
selfBACK randomized controlled trial. JMIR Res
Protoc. 2019;8(12):e14720. doi:10.2196/14720

20. A decision support system for
self-management of low back pain. CORDIS.
Updated January 17, 2021. Accessed June 29, 2021.
https://cordis.europa.eu/project/id/689043/results

21. National Institute for Health and Care
Excellence (NICE). Low Back Pain and Sciatica in
Over 16s: Assessment and Management. National
Guideline Centre; 2016.

22. Nordstoga AL, Bach K, Sani S, et al. Usability
and acceptability of an app (SELFBACK) to support
self-management of low back pain: mixed methods
study. JMIR Rehabil Assist Technol. 2020;7(2):e18729.
doi:10.2196/18729

23. Bach K, Szczepanski T, Aamodt A,
Gundersen OE, Mork PJ. Case representation and
similarity assessment in the selfBACK decision
support system. Paper presented at: Case-Based
Reasoning Research and Development 24th
International Conference, ICCBR 2016; October
31-November 2, 2016; Atlanta, GA.

24. Leake DB. Problem solving and reasoning:
case-based. In: Smelser NJ, Baltes PB, eds.
International Encyclopedia of the Social & Behavioral
Sciences. Elsevier; 2001:12117-12120. doi:10.1016/
B0-08-043076-7/00545-3

25. Aamodt A, Plaza E. Case-based reasoning:
foundational issues, methodological variations,
and system approaches. AI Commun. 1994;7(1):
39-59. doi:10.3233/AIC-1994-7104

26. Roland M, Fairbank J. The Roland-Morris
Disability Questionnaire and the Oswestry Disability
Questionnaire. Spine (Phila Pa 1976). 2000;25(24):
3115-3124. doi:10.1097/00007632-200012150-
00006

27. Jordan K, Dunn KM, Lewis M, Croft P. A minimal
clinically important difference was derived for the
Roland-Morris Disability Questionnaire for low back
pain. J Clin Epidemiol. 2006;59(1):45-52.
doi:10.1016/j.jclinepi.2005.03.018

28. Ostelo RW, Deyo RA, Stratford P, et al.
Interpreting change scores for pain and functional
status in low back pain: towards international
consensus regarding minimal important change.
Spine (Phila Pa 1976). 2008;33(1):90-94.
doi:10.1097/BRS.0b013e31815e3a10

29. Stratford PW, Binkley JM, Riddle DL,
Guyatt GH. Sensitivity to change of the
Roland-Morris back pain questionnaire: part 1. Phys
Ther. 1998;78(11):1186-1196. doi:10.1093/ptj/78.11.1186

30. Ostelo RW, de Vet HC. Clinically important
outcomes in low back pain. Best Pract Res Clin
Rheumatol. 2005;19(4):593-607. doi:10.1016/j.berh.
2005.03.003

31. Hawker GA, Mian S, Kendzerska T, French M.
Measures of adult pain: Visual Analog Scale for Pain
(VAS Pain), Numeric Rating Scale for Pain (NRS
Pain), McGill Pain Questionnaire (MPQ), Short-Form
McGill Pain Questionnaire (SF-MPQ), Chronic Pain
Grade Scale (CPGS), Short Form-36 Bodily Pain
Scale (SF-36 BPS), and Measure of Intermittent and
Constant Osteoarthritis Pain (ICOAP). Arthritis Care

Res (Hoboken). 2011;63(suppl 11):S240-S252.
doi:10.1002/acr.20543

32. Nicholas MK. The Pain Self-Efficacy
Questionnaire: taking pain into account. Eur J Pain.
2007;11(2):153-163. doi:10.1016/j.ejpain.2005.12.008

33. Waddell G, Newton M, Henderson I,
Somerville D, Main CJ. A Fear-Avoidance Beliefs
Questionnaire (FABQ) and the role of
fear-avoidance beliefs in chronic low back pain
and disability. Pain. 1993;52(2):157-168.
doi:10.1016/0304-3959(93)90127-B

34. Hallegraeff JM, van der Schans CP, Krijnen WP,
de Greef MH. Measurement of acute nonspecific
low back pain perception in primary care physical
therapy: reliability and validity of the Brief Illness
Perception Questionnaire. BMC Musculoskelet Disord.
2013;14:53. doi:10.1186/1471-2474-14-53

35. van Hout B, Janssen MF, Feng YS, et al. Interim
scoring for the EQ-5D-5L: mapping the EQ-5D-5L to
EQ-5D-3L value sets. Value Health. 2012;15(5):708-
715. doi:10.1016/j.jval.2012.02.008

36. Herdman M, Gudex C, Lloyd A, et al.
Development and preliminary testing of the new
five-level version of EQ-5D (EQ-5D-5L). Qual Life Res.
2011;20(10):1727-1736. doi:10.1007/s11136-011-
9903-x

37. Grimby G, Börjesson M, Jonsdottir IH,
Schnohr P, Thelle DS, Saltin B. The “Saltin-Grimby
Physical Activity Level Scale” and its application to
health research. Scand J Med Sci Sports. 2015;25(S4
suppl 4):119-125. doi:10.1111/sms.12611

38. Kamper SJ, Maher CG, Mackay G. Global rating
of change scales: a review of strengths and
weaknesses and considerations for design. J Man
Manip Ther. 2009;17(3):163-170. doi:10.1179/jmt.
2009.17.3.163

39. Liu GF, Lu K, Mogg R, Mallick M, Mehrotra DV.
Should baseline be a covariate or dependent
variable in analyses of change from baseline in
clinical trials? Stat Med. 2009;28(20):2509-2530.
doi:10.1002/sim.3639

40. Liang KY, Zeger SL. Longitudinal data analysis
of continuous and discrete responses for pre-post
designs. Sankhyā Series B. 2000;62(1):134-148.

41. Kahan BC, Morris TP. Reporting and analysis of
trials using stratified randomisation in leading
medical journals: review and reanalysis. BMJ. 2012;
345:e5840. doi:10.1136/bmj.e5840

42. Kahan BC, Jairath V, Doré CJ, Morris TP.
The risks and rewards of covariate adjustment in
randomized trials: an assessment of 12 outcomes
from 8 studies. Trials. 2014;15(1):139. doi:10.1186/
1745-6215-15-139

43. Tagliaferri SD, Angelova M, Zhao X, et al.
Artificial intelligence to improve back pain
outcomes and lessons learnt from clinical
classification approaches: three systematic reviews.
NPJ Digit Med. 2020;3:93. doi:10.1038/s41746-
020-0303-x

44. Chou R, Deyo R, Friedly J, et al.
Nonpharmacologic therapies for low back pain:
a systematic review for an American College of
Physicians clinical practice guideline. Ann Intern Med.
2017;166(7):493-505. doi:10.7326/M16-2459

45. Rasmussen CDN, Svendsen MJ, Wood K, et al.
App-delivered self-management intervention trial
selfBACK for people with low back pain: protocol
for implementation and process evaluation. JMIR
Res Protoc. 2020;9(10):e20308. doi:10.2196/20308

Effectiveness of App-Delivered Self-management Support for Lower Back Pain–Related Disability Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine Published online August 2, 2021 E9

Downloaded From: https://jamanetwork.com/ by a Glasgow University Library User  on 08/03/2021

https://www.boneandjointburden.org/docs/BMUS%20Impact%20of%20MSK%20on%20Americans%20booklet_4th%20Edition%20%282018%29.pdf
https://www.boneandjointburden.org/docs/BMUS%20Impact%20of%20MSK%20on%20Americans%20booklet_4th%20Edition%20%282018%29.pdf
https://www.boneandjointburden.org/docs/BMUS%20Impact%20of%20MSK%20on%20Americans%20booklet_4th%20Edition%20%282018%29.pdf
https://www.boneandjointburden.org/docs/BMUS%20Impact%20of%20MSK%20on%20Americans%20booklet_4th%20Edition%20%282018%29.pdf
https://dx.doi.org/10.1016/S0140-6736(18)30480-X
https://dx.doi.org/10.1016/S0140-6736(18)30480-X
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.0734?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.4097
https://dx.doi.org/10.1016/j.mayocp.2012.08.020
https://dx.doi.org/10.1016/S0140-6736(16)30970-9
https://dx.doi.org/10.1016/S0140-6736(16)30970-9
https://dx.doi.org/10.2519/jospt.2019.0605
https://dx.doi.org/10.2519/jospt.2019.0605
https://dx.doi.org/10.1136/bjsports-2018-100488
https://dx.doi.org/10.1002/ejp.1679
https://dx.doi.org/10.7326/M16-2367
https://dx.doi.org/10.1007/s00586-018-5673-2
https://dx.doi.org/10.1097/j.pain.0000000000001751
https://dx.doi.org/10.1097/j.pain.0000000000001751
https://dx.doi.org/10.1371/journal.pone.0211768
https://dx.doi.org/10.2196/mhealth.4160
https://dx.doi.org/10.1016/j.ijnurstu.2019.103507
https://dx.doi.org/10.2196/resprot.9379
https://dx.doi.org/10.2196/14720
https://cordis.europa.eu/project/id/689043/results
https://dx.doi.org/10.2196/18729
https://dx.doi.org/10.1016/B0-08-043076-7/00545-3
https://dx.doi.org/10.1016/B0-08-043076-7/00545-3
https://dx.doi.org/10.3233/AIC-1994-7104
https://dx.doi.org/10.1097/00007632-200012150-00006
https://dx.doi.org/10.1097/00007632-200012150-00006
https://dx.doi.org/10.1016/j.jclinepi.2005.03.018
https://dx.doi.org/10.1097/BRS.0b013e31815e3a10
https://dx.doi.org/10.1093/ptj/78.11.1186
https://dx.doi.org/10.1016/j.berh.2005.03.003
https://dx.doi.org/10.1016/j.berh.2005.03.003
https://dx.doi.org/10.1002/acr.20543
https://dx.doi.org/10.1016/j.ejpain.2005.12.008
https://dx.doi.org/10.1016/0304-3959(93)90127-B
https://dx.doi.org/10.1186/1471-2474-14-53
https://dx.doi.org/10.1016/j.jval.2012.02.008
https://dx.doi.org/10.1007/s11136-011-9903-x
https://dx.doi.org/10.1007/s11136-011-9903-x
https://dx.doi.org/10.1111/sms.12611
https://dx.doi.org/10.1179/jmt.2009.17.3.163
https://dx.doi.org/10.1179/jmt.2009.17.3.163
https://dx.doi.org/10.1002/sim.3639
https://dx.doi.org/10.1136/bmj.e5840
https://dx.doi.org/10.1186/1745-6215-15-139
https://dx.doi.org/10.1186/1745-6215-15-139
https://dx.doi.org/10.1038/s41746-020-0303-x
https://dx.doi.org/10.1038/s41746-020-0303-x
https://dx.doi.org/10.7326/M16-2459
https://dx.doi.org/10.2196/20308
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.4097

