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ABSTRACT

Introduction: Nonspecific chronic low back
pain (NCLBP) is a leading contributor to disease
burden worldwide, and the management of
NCLBP has always been a problem. This study is
designed to explore the feasibility and efficacy
of m-health-based core stability exercise (CSE)
combined with self-compassion training (SCT)
and compare it with m-health-based CSE alone
for the management of NCLBP.
Methods: This study is a pilot, patient-blinded
randomized controlled trial. Participants with
NCLBP were randomized into an intervention
group and a control group. All the participants
received m-health-based CSE, but those in the
intervention group also received SCT before CSE.

The intervention took place weekly on Saturday
or Sunday for 4 weeks in total. Patients self-
assessed their outcomes by filling out electronic
questionnaires at 4 and 16 weeks after the start of
the study. The primary outcome metrics for these
questionnaires were back pain disability (based on
the Roland–Morris Disability Questionnaire,
RMDQ) and Pain intensity (Numeric Rating Scale,
NRS; current pain, worst pain, average pain). The
secondary outcome metrics were anxiety (GAD-
7,7-item Generalized Anxiety Disorder scale),
Depression Symptoms (PHQ-9,Patient Health
Questionnaire-9), pain catastrophizing (PCS, Pain
Catastrophizing Scale) and Self-efficiency (PSEQ,
Pain Self-Efficiency Questionnaire).
Results: A total of 37 patients comprising 28
(75.7%) females completed the study, with 19
patients in the intervention group and 18 in the
control group. The mean (SD) patient age was
35.2 (11.1) years. For all primary outcomes,
although there were no significant differences
between groups, we found that participants in
the intervention group improved function and
pain earlier. The RMDQ score changed by
- 1.771 points (95% CI - 3.768 to 0.227) from
baseline to 4 weeks in the control group and by
- 4.822 points (95% CI - 6.752 to - 2.892) in
the intervention group (difference between
groups, - 3.052 [95% CI - 5.836 to - 0.267]).
Also, the RMDQ score changed by - 3.328
points (95% CI - 5.252 to - 1.403) from base-
line to 16 weeks in the control group and by
- 5.124 points (95% CI - 7.014 to - 3.233) in
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the intervention group (difference between
groups - 1.796 [95% CI - 4.501 to 0.909]). A
similar pattern was found in the NRS scores. For
secondary outcomes, the intervention group was
superior to the control group in for GAD-7 (in-
tervention difference from CSE along at week
16, - 2.156 [95% CI - 4.434 to - 0.122; P value
for group effect was 0.030]). At the end of treat-
ment, the improvement in PCS in the interven-
tion group was significant (difference in PCS
score at week 4, - 6.718 [95% CI - 11.872
to - 1.564]). We also found significant changes
in PCS in the control group (- 6.326 [95%
CI, - 11.250 to - 1.401]) at the 16-week follow-
up. As for PSEQ, there were no apparent differ-
ences between the two groups. There were no
adverse events relented to study participation.
Conclusions: The pilot study is feasible to
deliver, and our results indicate that partici-
pants in the group of m-health-based CSE
combined with SCT may experience faster relief
from pain intensity and back disability than
those in the group of m-health-based CSE alone.
Trial Registration: ChiCTR2100042810.

PLAIN LANGUAGE SUMMARY

The impact of chronic low back pain on peo-
ple’s life quality and social economy is increas-
ing year by year. Helping patients self-manage
low back pain through a biological-psycho-so-
cial model seems to be an effective management
approach, but the lack of connectivity between
disciplines limits the development of multidis-
ciplinary collaboration. Mindfulness-related
therapy (self-compassion training) has been
proven to be effective in chronic pain, and
exercise therapy is widely used in rehabilitation
medicine. In this study, these two programs
were combined. We also used mobile health
technology in the study, which brings a lot of
convenience for research. The results of the
study showed that the efficacy of the combined
group seemed to be more obvious and worthy of
further study.

Keywords: Nonspecific chronic low back pain;
Core stability exercise; Self-compassion
training; Mobile health

Key Summary Points

Why carry out this study?

Nonspecific chronic low back pain
(NCLBP) is a major public health and
global socioeconomic burden with a
variety of symptoms. So far, the treatment
and management still face enormous
challenges.

We hypothesized that m-health-based
core stability exercise (CSE) combined
with self-compassion training (SCT)
would be an effective form to help
patients alleviate their back pain and it
requires clinical validation.

The study aimed to assess the feasibility of
proceeding to future definitive
randomized controlled trials.

What was learned from the study?

With the addition of self-compassion,
more patients with NCLBP may
experience faster relief from pain
intensity and back disability.

The pilot study is feasible and warrants a
larger study to provide high-quality
evidence.

INTRODUCTION

Nonspecific chronic low back pain (NCLBP) is
used when the pathoanatomical cause of the
pain cannot be determined [1], and it is an
affliction suffered by many worldwide that can
have a significant impact on both the mind and
body and quality of life in general [2]. Although
there is a vast range of therapies to treat NCLBP,
the social burden associated with NCLBP has
been increasing [3].
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The condition is complex, with multiple
contributors to both pain and associated dis-
abilities, including psychological factors, social
factors, biophysical factors, comorbidities, and
pain-processing mechanisms [4]. Guidelines for
the management of NCLBP recommend non-
invasive nonpharmacologic methods [5], such
as exercise, psychological therapy, spinal
manipulation, low-level laser therapy, massage,
mindfulness-based stress reduction (MBSR),
yoga, acupuncture, and multidisciplinary
biopsychosocial rehabilitation (MBR) [6]. When
combined with physical, psychological, social,
and/or work-related components, MBR has been
shown to be more effective than usual care and
physical treatments in decreasing pain and dis-
ability in people with NCLBP [7]. At present, the
research on psychological intervention in
NCLBP mainly concentrates on developed
countries [6], and there is still a lack of relevant
research in developing countries.

The lumbar multifidus (LM) and transversus
abdominis (TrA) are deep stabilizing spinal
muscles that play crucial roles in the lumbar
spine [8]. Studies have reported that there is
significant atrophy, fat infiltration, and/or
decrease in activation of the TrA and LM mus-
cles in individuals with NCLBP [9, 10]. Core
stability exercises (CSE) can increase the acti-
vation of LM and TrA and have been proven
useful for treating NCLBP [11]. So CSE has
become the first recommended treatment for
NCLBP by Chinese therapists. However,
patients with NCLBP have been observed to
exhibit poor adherence to exercise training
without supervision, leading to poor efficiency
[12]. Exercise based on mobile-health (m-
health) is a novel approach to delivery of the
exercise training using personal mobile phones
[13] that grew rapidly during the COVID-19
outbreak [14]. It can bring convenient and
inexpensive care to patients [15]. Our prelimi-
nary study about m-health-based exercise shows
that this method is effective for NCLBP but the
effect size is not very high. Relevant trials have
suggested that psychotherapies such as cogni-
tive behavioral treatment (CBT) [16, 17],
mindfulness-based stress reduction (MBSR) [18]
and self-compassion training (SCT) [19, 20] can
be effective treatment options for patients with

NCLBP. Among them, self-compassion is a state
of mind that treats oneself compassionately in
the face of pain and stress. It includes three
components: mindfulness, self-kindness, and
common humanity [21]. Some studies have
found that self-compassion is an important
protective factor for mental health and plays a
role in the treatment of chronic pain [22, 23].
Importantly, SCT has been shown to be able to
increase the practice of health-promoting
behaviors [24, 25]. It still remains unknown if
the SCT can enhance the effect of CSE. To our
knowledge, there is no research reported about
it. Furthermore, most of the studies on the
treatment of chronic low back pain by exercise
therapy are based on the perspective of biome-
chanics only [26, 27], but not combined with
psychotherapy. Theoretically, the combination
of psychotherapy and exercise therapy would
have better therapeutic effects, but relevant
evidence is lacking.

Based on the above-described gaps in
research, we designed this pilot study to explore
the efficacy and feasibility of m-health-based
CSE combined with SCT in order to compare it
to m-health-based CSE alone for the manage-
ment of NCLBP. We hypothesized that
m-health-based CSE combined with SCT would
be a more effective form of treatment after a
follow-up period of 16 weeks.

METHODS

Study Design and Settings

We designed this trial as a randomized, con-
trolled, and patient-blinded trial with two par-
allel groups: intervention and control.
Randomization was performed as block ran-
domization with a 1:1 allocation. The control
group received m-health-based CSE only while
the intervention group received a combination
of CSE and SCT. Participants were then asked to
complete a follow-up assessment at 4 weeks
(post-treatment), and 16 weeks (the primary
end point) after randomization. This study was
performed in accordance with the Helsinki
Declaration of 1964 and its later amendments,
and it has been approved and supervised by the
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Ethics Committee of the First Affiliated Hospital
of Sun Yat-Sen University. The approval number
is [2021]079. Written informed consent was
obtained from all participants included in the
study. The study has been prospectively regis-
tered with the Chinese Clinical Trials Registry,
Number: ChiCTR2100042810 (1/21/2021). To
maintain the quality of reporting, we used the
CONSORT 2010 Statement: Extension to Random-
ized Pilot and Feasibility Trials guideline checklist
[28].

Participants

We recruited the participants from April 10,
2021 to July 15, 2021 via a social network and
an advertisement posted at our clinic. To be
eligible for recruitment, participants must have
been aged 18–60 years, had back pain that had
persisted for at least 12 weeks, and been willing
to participate in the study. Potential patients for
the trial were excluded if any of the following
criteria were met: First, patients were excluded if
there were clear ‘‘red flag’’ signs (unilateral leg
pain and numbness consistent with nerve dis-
tribution, intermittent claudication, weight loss
without obvious cause, nighttime pain, trauma,
etc.) that indicate that their back pain was not
nonspecific. Next, patients were excluded if
they were unable to participate in therapy on
weekend. Patients were also excluded if they
had a score\4 on the RMDQ. We also excluded
patients who had practiced meditation regularly
(weekly) in the previous 3 months and patients
who had participated in courses relating to CSE
in the previous 3 months. After that, we exclu-
ded patients who had conditions that may be
uncontrolled for self-compassion meditation
(psychosis, major depression or anxiety, current
self-harm, or suicidal ideation). Finally, we
excluded patients who were unable to complete
Chinese-language questionnaires indepen-
dently. The principal investigator (ZFM) intro-
duced the trial to potential participants and
determined whether to include them through
detailed physical examination.

Interventions

We conducted two parallel interventions in
May and August 2021. In each intervention, the
participants was randomized into the interven-
tion and control groups (ten participants in
each group). The intervention group received
m-health-based SCT plus CSE, and the control
group received m-health-based CSE only. The
treatment was divided into two parts: face-to-
face intervention and self-help exercise at
home. The face-to-face intervention took place
in Rehabilitation Clinic of the First Affiliated
Hospital of Sun Yat-Sen University on Saturday
or Sunday for 4 weeks in total because most of
the NCLBP patients need to work on the week-
days. The self-help exercise was provided by the
Anyoukang (AUK) exercise training system,
which would provide daily exercise reminders
and video guidance via WeChat (Fig. 1).

Core Stability Exercise (CSE)

The formulation of exercise prescriptions was
developed on the basis of our treatment expe-
rience and referred to other studies [26, 29]. The
CSE was divided into two parts: face-to-face
guidance (1.5 h per session, once a week for
4 weeks) and self-help exercise at home
(30–40 min per session, at least three times a
week). Participants were also required to com-
plete an electronic daily training diary after
each training session. The rehabilitation exer-
cises included spinal mobilization exercises
(involving exercises aimed at relaxing the tense
muscles of low back), and strengthening exer-
cises (involving exercises aimed at developing
motor control of the spine and pelvis) (Table 1).
Two professional physiotherapists with at least
5 years of experience led the program.

Self-Compassion Training (SCT)

SCT was adapted from our previous study [30]
with some minor modifications based on the
characteristics of NCLBP. The intervention
consisted of four face-to-face group interven-
tions (2 h per session) and family exercises.
During the intervention, group leaders
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introduced information about self-compassion
and guided participants through a series of
practices, and participants were encouraged to
do home practices following the guidelines
provided by the group leaders. Psycho-educa-
tion about self-compassion was provided in the
first session and a few practices to improve
participants’ awareness of stress (for example,
observing body sensations under NCLBP) were
presented. The second session sought to
advance participants’ understanding of self-
compassion using exercises that focused on the
experience practices (for example, affectionate
breathing meditation). The third session
focused on guiding participants to meet stress
with self-compassion (for example, loving-

kindness meditation for ourselves). Finally, in
the last session, participants discussed and
reviewed their experience during the interven-
tion with the group and made plans for future
self-compassion practice (Table 1). The SCT was
co-led by two graduate students in counseling
psychology who had an adequate theoretical
understanding of self-compassion and practiced
mindfulness and self-compassion themselves.
The whole intervention process was supervised
by a counseling psychologist.

Outcomes

Participants completed outcomes at baseline,
4-weeks follow-up (post-treatment), and

Fig. 1 Examples of the AUK exercise system
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16-weeks follow-up (primary endpoint). Base-
line data collection included demographic and
clinical characteristics, such as gender, age,
work status, height, weight, education, treat-
ment history, and medical history. Participants
self-assessed their outcomes by filling out elec-
tronic questionnaires.

Outcome Measurements

Primary Outcomes
The primary outcomes for the study are dis-
ability associated with low back pain and pain
intensity. Back pain disability was assessed
using the RMDQ on a scale of 0–24, where
higher scores indicate greater functional limi-
tation. The Simplified Chinese Version of

Table 1 Content of core stability exercise and self-compassion training class sessions

Session Core stability exercise Self-compassion training

Theme Content
(times*duration)

Theme Content

1 Spinal

mobilization

exercises

Rolling spine

exercise (1*60 s)

Lumbar rotation

(4*15 s)

Lumbar extension

(2*15 s)

Cat stretch

(2*15 s)

Back to body

sensations

Self-introduction

Body scan meditation

Introduction about self-compassion

Self-compassion touch

2 Add simple core

strength

exercise

Hallowing

training (4*15 s)

Hip bridge

(4*15 s)

Simplified bird

dog (4*30 s)

Half plank

(4*30 s)

Experience

compassion

The relationship between the three emotional systems

(threat system, drive-reward system, soothing system)

and self-compassion;

Affectionate breathing;

Compassionate image

3 Add intensive

core strength

exercise

Inverted bicycle

ride (4*15 s)

Hip-single leg

support (4*15 s)

Bird dog (4*30 s)

Dead bug (20*5 s)

Self-

compassion

under

pressure

Discussion about home practice;

Inner child;

Self-compassion writing

4 Summary Develop

personalized

exercise

programs

On the road Brief loving-kindness meditation;

Self-compassion phrases;

Review and share;

Wishing bottle
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RMDQ has demonstrated good reliability and
validity, internal consistency (Cronbach’s
alpha) was 0.874, and intraclass coefficient of
correlation (ICC) was 0.952 [31].

Pain intensity was assessed with the Numeric
Rating Scale (NRS), which measures mean pain
intensity during the last week on a scale of 0–10,
where higher scores indicate greater pain
intensity [32]. We selected three NRS types:
average NRS (average pain intensity over the
last week), current NRS (current pain intensity),
and most severe NRS (most severe pain intensity
over the last week) [33].

Secondary Outcomes
The secondary outcomes were measured using
questionnaires involving psychological status
such as anxiety, depression, pain catastrophiz-
ing, and self-efficiency.

Anxiety was measured with the seven-item
Generalized Anxiety Disorder scale (GAD-7;
range, 0–21, where higher scores indicate
greater severity). The GAD-7 has good reliabil-
ity, validity, and measurement invariance
among Chinese medical postgraduate students
(Cronbach’s alpha was 0.93 and the ICC ranged
from 0.71 to 0.87) [34].

Depressive symptoms were assessed with the
Patient Health Questionnaire-9 (PHQ-9; range,
0–27, where higher scores indicate greater
severity). In the general Chinese population,
the Chinese version of the PHQ-9 is a valid and
efficient tool for screening depression (Cron-
bach’s alpha was 0.86 and the ICC was 0.86)
[35].

Pain catastrophizing was assessed with the
Pain Catastrophizing Scale (PCS). The PCS con-
sists of 13 items, and each item is answered with
a numeric value between 0 and 4; 0 corre-
sponding to ‘‘not at all’’, and four corresponded
to ‘‘all the time’’. Higher scores indicate a higher
level of pain catastrophizing, the Chinese ver-
sion of the PCS has demonstrated a good relia-
bility and validity (Cronbach’s alpha was 0.87
and the ICC was 0.97) [36].

Self-efficiency was assessed with the Pain
Self-Efficiency Questionnaire (PSEQ). The PSEQ
consists of ten items and assesses the extent to
how confident the participant is in performing
a range of certain activities using a seven-point

Likert scale, with 0 denoting no confidence at
all and 6 denoting complete confidence. A
higher total score after adding up the score of
each item, indicates stronger confidence in
mastering self-efficiency, the simplified Chinese
version of PSEQ showed satisfactory psycho-
metric properties in Chinese population with
low back pain (Cronbach’s alpha was 0.95 and
the ICC was 0.91) [37].

Randomization and Allocation

For the randomization, a simple block ran-
domization process was conceived and imple-
mented by a trial assistant (YJJ). After eligibility
was confirmed, every participant was assigned a
unique number as an identifier. Sequence gen-
eration was achieved using IBM’s Statistical
Package for Social Sciences (SPSS) Version 22
software, and stratified with a 1:1 allocation
random block size of 10. The randomization list
reports a progressive randomization number for
randomized participants (from 1 to 20), and a
treatment group (intervention or control) was
assigned to each participant. The trial assistant
(YJJ) who was not involved in the entire treat-
ment procedure generated and maintained the
allocation sequence. The principal investigator
(ZFM) enrolled and assigned participants to the
groups according to their unique numbers.
Once allocated, the participant was not allowed
to change their groups.

Blinding

Potential participants were told that they would
be randomized to receive one of ‘‘two different
pain self-management programs’’. During the
intervention, participants only knew the par-
ticipants in their own treatment group. Each
group received treatment at separate times to
prevent contact between participants of the two
groups. The physiotherapists and psychologists
could not be blinded to group allocation due to
the study design.
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Statistical Analysis

We performed statistical analysis according to
the intention-to-treat principle. We compared
the baseline demographic and clinical charac-
teristics of the groups using Fisher’s exact test
for categorical variables. For continuous vari-
ables, we performed exploratory data analysis
and Shapiro–Wilk tests in order to determine
the normality of our data distributions first.
When the results fit a normal curve, we used an
independent t test; when the results did not fit a
normal curve, we used a rank-sum test. The
feasibility outcomes were reported descriptively
and narratively. The primary endpoint of the
study is the change in RMDQ and NRS during
the 16-week study. Analysis of the primary and
secondary continuous outcome variables was
carried out using mixed model for repeated
measures (MMRM) under the missing-at-ran-
dom (MAR) assumption. The MMRM model
included fixed factors for treatment, visit (weeks
4, 16; as categorical variable), and treatment-by-
visit interaction, and include baseline value as a
covariate. An unstructured covariance matrix
was used to model the within-subject correla-
tion. Kenward–Roger approximation was used
to calculate the denominator degree of freedom.
Treatment effects were summarized as the esti-
mated between-group difference in RMDQ and
NRS scores at week 16 and the associated 95%
CI. Similar analyses examined the treatment
effect for all secondary outcomes. In order to
assess the robustness of the primary analysis
results by deviating away from the MAR
assumption, sensitivity analyses, a pattern
mixture model with control-based multiple
imputation was performed on the primary
endpoints. Specifically, jump to reference
model was used. Analyses were performed with
SAS software (version 9.3; SAS Institute Inc.
Cary, NC).

RESULTS

Participants

We screened a total of 94 patients for eligibility,
and 40 patients met our eligibility criteria. Of

these 40 potential participants, 37 completed
the follow-up assessments and were included in
our analysis (Fig. 2). Of these 37 participants, 28
(75.7%) were female. The mean (SD) age was
35.2 (11.1) years. Participants had relatively
high education levels, with 33(89.2%) having a
bachelor’s degree or above. Interestingly, we
found that no one had ever chosen psy-
chotherapy as the history of therapy. We
showed certain characteristics of the partici-
pants in Table 2.

After Shapiro–Wilk tests, we found that age,
RMDQ, average NRS, current NRS, most severe
NRS and PSEQ do not fit a normal distribution,
so we used a rank-sum test to perform our
comparisons. PCS shows significant statistical
significance in the baseline measures. We found
no significant differences in the baseline mea-
sures of the rest of the outcome scores.

Efficacy

Figure 3 reports the changes over time within
and between the two groups for the primary
and secondary outcome measures. Table 3
reports the between-group post-treatment
comparisons and the change from baseline for
all primary and secondary outcomes. Of all the
outcomes, we found only significant intergroup
differences in GAD-7 (difference in GAD-7 score
at week 16, - 2.156 [95% CI - 4.434 to -

0.122; P = 0.030]). The results showed that the
intervention group was superior to the control
group in improving anxiety.

For all primary outcomes, both groups
experienced relief of function and pain after
treatment. Although there were no significant
differences between groups, we found that par-
ticipants in the intervention group improved
function and pain earlier. Specifically, the
RMDQ score changed by - 1.771 points (95%
CI - 3.768 to 0.227) from baseline to 4 weeks in
the control group and by - 4.822 points (95%
CI - 6.752 to - 2.892) in the intervention
group (difference between groups, - 3.052
[95% CI - 5.836 to - 0.267]). The RMDQ score
changed by - 3.328 points (95% CI - 5.252 to
- 1.403) from baseline to 16 weeks in the con-
trol group and by - 5.124 points (95% CI
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- 7.014 to - 3.233) in the intervention group
(difference between groups, - 1.796 [95% CI -
4.501 to 0.909]). A similar pattern was found in
the NRS scores.

For secondary outcomes, we paid more
attention to the patient’s psychological status.
In addition to the anxiety changes mentioned
above, depression scores (PHQ-9) in the inter-
vention group also improved better than those
in the control group (see Table 3 and Fig. 3). At
the end of treatment, the improvement in PCS
in the intervention group was significant (dif-
ference in PCS score at week 4, - 6.718 [95%
CI - 11.872 to - 1.564]). We also found sig-
nificant changes in PCS in the control group
(- 6.326 [95% CI - 11.250 to - 1.401]) at the
16-week follow-up. As for self-efficiency, there
were no apparent differences between the two
groups. The sensitivity analysis using the jump
to reference model was performed. The results
were in agreement with the MMRM analysis.

Sample Size Calculation

Since this was a pilot study, a sample size cal-
culation was not performed, but the sample size
of future study could be calculated based on the
results of the pilot study. We found a mean
difference of 5.5 for RMDQ with a standard
deviation of 4.7 in intervention group, and a
mean difference of 3.1 with a standard devia-
tion of 4.8 in control group at 16-week follow-
up. To detect it at 16 weeks with a two-sided
significance level (alpha) of 0.05 and power of
80% with equal allocation to two arms would
require 66 patients in each arm of the trial. To
allow for 20% drop out, future study must
include at least 166 participants (83 in each
group). Calculations were performed with
PASS software (version 15).

Fig. 2 CONSORT diagram of study participation
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Table 2 Baseline characteristics of participants by treatment group

Intervention group (n = 19) Control group (n = 18) P value

Age, mean (SD) 31.5 (8.5) 39.2 (12.3) 0.066

Female, n (%) 14 (73.7) 14 (77.8) 0.538

BMI, mean (SD) 20.8 (2.1) 22.3 (2.8) 0.457

History of therapy, n (%)

Massage 8 (42.1) 6 (33.3) 0.417

Physiotherapy 8 (42.1) 9 (50.0) 0.440

Exercise 6 (31.6) 5 (27.8) 0.543

Acupuncture 2 (10.5) 4 (22.2) 0.303

Drugs 8 (42.1) 7 (38.9) 0.554

Traction 2 (10.5) 2 (11.1) 0.677

Psychotherapy 0 (0) 0 (0) NA

Untreated 5 (26.3) 6 (33.3) 0.457

Pain duration, n (%)

3 Months to 1 year 6 (31.6) 6 (33.3) 0.369

1 Year to 5 years 10 (52.6) 7 (38.9)

5 Years to 10 years 1 (5.3) 2 (11.1)

Over 10 years 2 (10.5) 3 (16.7)

Education level, n (%)

Primary school or less 0 (0) 0 (0) 0.479

Junior 0 (0) 1 (5.6)

Senior 2 (10.5) 1 (5.6)

College or higher 17 (89.5) 16 (88.9)

Baseline measures of primary outcome scores

RMDQ 8.7 (3.9) 8.0 (3.3) 0.599

Average NRS in the past week 3.9 (1.6) 3.6 (1.3) 0.641

Current NRS 3.7 (1.8) 3.3 (1.7) 0.538

Most severe NRS in the past week 4.6 (1.9) 4.5 (1.3) 0.925

Baseline measures of secondary outcome scores

PHQ-9 5.9 (2.5) 4.1 (3.0) 0.168

GAD-7 4.4 (3.4) 3.7 (2.4) 0.063

PCS 20.7 (8.3) 23.5 (12.7) 0.047
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Feasibility

No adverse effects occurred in the pilot study;
78.9% (15/19 participants) in the intervention
group and 72.2% (13/18 participants) in the
control group attended at least three face-to-
face group sessions. There was only one dropout
in the control group because he had little
interest in exercise therapy.

This study is feasible for health care provi-
ders and does not take up too many medical
resources. In the recruitment stage, the partici-
pants were enrolled by electronic

questionnaires. Only one investigator worked
for 12 weeks to contact 94 interested patients
and finally included 40 participants. The whole
process was smooth. In the treatment stage,
physical therapists and psychotherapists were
only required to provide face-to-face guidance
once a week, and online guidance at the rest of
the time, which would not bring much burden
to them. During the data collection stage, the
assessors also used the form of electronic ques-
tionnaire to reduce a lot of repetitive labor. This
study is also feasible for patients’ management.
The use of AUK and electronic questionnaires

Table 2 continued

Intervention group (n = 19) Control group (n = 18) P value

PSEQ 49.4 (8.2) 52.2 (9.1) 0.081

The bold value represents a statistical difference
RMDQ Roland and Morris Disability Questionnaire, NRS Numeric Rating Scale, PHQ-9 Patient Health Questionnaire-9,
GAD-7 7-item Generalized Anxiety Disorder scale, PCS Pain Catastrophizing Scale, PSEQ Pain Self-Efficiency
Questionnaire

Fig. 3 Changes in primary and secondary outcomes. Error
bars represent SD. RMDQ Roland and Morris Disability
Questionnaire, NRS Numeric Rating Scale, PHQ-9
Patient Health Questionnaire-9, GAD-7 7-item

Generalized Anxiety Disorder scale, PCS Pain Catastro-
phizing Scale, PSEQ Pain Self-Efficiency Questionnaire
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Table 3 The change from baseline in primary and secondary outcomes (MMRM)

Follow-up
week

Change from baseline, mean (95% CI) Between-group differences, mean
(95% CI)

P value (group
effect)

Intervention Control Intervention- Control

Roland and Morris Disability Questionnaire (RMDQ)

4 - 4.822 (- 6.752,

- 2.892)

- 1.771 (- 3.768,

0.227)

- 3.052 (- 5.836, - 0.267) 0.070

16 - 5.124 (- 7.014,

- 3.233)

- 3.328 (- 5.252,

- 1.403)

- 1.796 (- 4.501, 0.909)

Average NRS in the past week

4 - 1.237 (- 1.924,

- 0.551)

- 0.747 (- 1.455,

- 0.039)

- 0.491 (- 1.479, 0.498) 0.299

16 - 1.498 (- 2.181,

- 0.815)

- 1.019 (- 1.712,

- 0.326)

- 0.479 (- 1.454, 0.496)

Current NRS

4 - 1.445 (- 2.196,

- 0.694)

- 0.617 (- 1.401,

0.166)

- 0.828 (- 1.917, 0.261) 0.198

16 - 1.426 (- 2.136,

- 0.715)

- 1.050 (- 1.765,

- 0.336)

- 0.375 (- 1.384, 0.634)

Most severe NRS in the past week

4 - 1.643 (- 2.385,

- 0.900)

- 1.094 (- 1.870,

- 0.317)

- 0.549 (- 1.624, 0.525) 0.772

16 - 1.503 (- 2.269,

- 0.737)

- 1.776 (- 2.550,

- 1.001)

0.273 (- 0.817, 1.362)

Patient Health Questionnaire-9 (PHQ-9)

4 - 1.092 (- 2.455,

0.272)

- 0.792 (- 2.227,

0.642)

- 0.300 (- 2.327, 1.728) 0.471

16 - 1.419 (- 2.936,

0.099)

- 0.399 (- 1.921,

1.123)

- 1.019 (- 3.207, 1.168)

7-item Generalized Anxiety Disorder Scale (GAD-7)

4 - 1.215 (- 2.420,

- 0.010)

0.498 (- 0.769, 1.764) - 1.713 (- 3.468, 0.042) 0.030

16 - 1.089 (- 2.694,

0.515)

1.067 (- 0.545, 2.679) - 2.156 (- 4.434, 0.122)

Pain Catastrophizing Scale (PCS)
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had brought convenience to participants. And
the treatment on weekends did not affect their
normal work.

DISCUSSION

Major Findings

We found a significant improvement in short-
term function and pain at 16 weeks in both
groups, and participants in the intervention
group experienced faster relief from pain
intensity and back disability than those in the
control group. The studies have shown that a
score change of 3.5 points for the RMDQ was
defined as the minimal clinical important dif-
ference (MCID) for back pain disability [38, 39].
In the pilot study, the proportion that meets
MCID in RMDQ at 4-week follow-up was 63.2%
(12/19 participants) and 38.9% (7/18 partici-
pants) in the intervention group and the con-
trol group, and changed to 68.4% (13/19
participants) and 55.6% (10/18 participants) at
16-week follow-up. This also suggested that
more participants in the intervention group
were able to relieve symptoms at an earlier time.
In terms of psychological status, we found that
SCT had a relatively significant effect on alle-
viating patients’ anxiety and depression. The
improvement of pain catastrophizing score in
the intervention group was better than that in

the control group after the treatment, but it
improved significantly in the control group at
the last follow-up. A systematic review has
shown that mobile health technologies had
significant effects on pain catastrophizing at
short-term follow-up [40]. This may be because
the persistence of exercise appears to ease their
lower back pain, which in turn alleviates catas-
trophic thoughts. However, the effect was
delayed in the control group compared to the
intervention group.

Our study population was slightly younger
and better educated, and there was a slightly
more pronounced female preponderance. It
showed comparable clinical characteristics to
another study [41]. Most of them prefer mas-
sage, physical therapy, and drugs to relieve
lower back pain, although they are not first-line
treatments [3]. From the participants’ registra-
tion information, we found that none of the
participants had previously chosen psy-
chotherapy for treatment. This is perhaps
unfortunate because patients with NCLBP are in
fact prone to anxiety and depression [42, 43].
Moreover, research has shown that there was a
significant association between chronic LBP and
degree of stress [44]. Interestingly, previous
studies have also shown that low back pain
symptoms can be alleviated by psychotherapy
[45]. Clinical and experimental studies have
shown that even a simple psychological
manipulation, such as distraction, can have a

Table 3 continued

Follow-up
week

Change from baseline, mean (95% CI) Between-group differences, mean
(95% CI)

P value (group
effect)

Intervention Control Intervention- Control

4 - 5.941 (- 9.449,

- 2.433)

0.777 (- 2.948, 4.502) - 6.718 (- 11.872, - 1.564) 0.193

16 - 6.053 (- 10.981,

- 1.124)

- 6.326 (- 11.250,

- 1.401)

0.273 (- 6.713, 7.259)

Pain Self-Efficiency Questionnaire (PSEQ)

4 1.943 (- 0.432, 4.318) 2.643 (0.146, 5.140) - 0.700 (- 4.168, 2.767) 0.867

16 2.785 (- 1.652, 7.221) 2.777 (- 1.679, 7.233) 0.007 (- 6.293, 6.308)

The bold value represents a statistical difference
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powerful effect on the perception of pain [46].
Strikingly, negative emotions were effectively
alleviated in the intervention group of our
study, and this may be one reason why SCT
works. However, we found no further improve-
ment in function and pain in the intervention
group at the last follow-up, which may be rela-
ted to the fact that participants did not keep
doing regular SCT.

From a clinical perspective, these results are
encouraging because the exercise prescription
and the self-compassion training are both easily
reproducible and there is still much room for
progress with the rapid development of infor-
mation technology. Our methods of interven-
tion are effective, economical, and convenient.
In the management of NCLBP, imaging, rest,
opioids, spinal injections, and surgery are still
in high use inappropriately [3]. Our study used a
biopsychosocial framework to guide pain man-
agement with initial nonpharmacological
treatment, including exercise and psychological
programs, and this is all in line with interna-
tional guidelines [47–49]. Furthermore,
m-health technology can reduce healthcare
burden and costs from both healthcare provi-
ders and patients [50]. Therefore, if this study
could be promoted, it may bring convenient
medical treatment to patients with NCLBP and
reduce the workload of the clinicians. It may
also give researchers confidence to start similar
studies.

Comparison of Results with Other Studies

Most of the previous studies have focused either
on psychotherapy [51] or exercise therapy
[29, 52]. In this study, we combined exercise
therapy with psychotherapy based on biopsy-
chosocial models [53]. In addition, we have
simplified the treatment process to 4 weeks,
using the m-health system, so that participants
could receive treatments any time [54]. Partici-
pants in the intervention group not only expe-
rienced lower back pain relief but also improved
their mood. In comparing our results with the
study of Cherkin et al. [18], our clinical results
are more dramatic and quicker, and it is easier
to implement than studies about MBR [55, 56].

Limitations and Future Directions

First, we did not set up a control group receiving
SCT alone because, according to our surveys,
most patients were skeptical of psychotherapy,
and refused to use psychotherapy alone to treat
low back pain. In addition, we lacked experi-
ence in psychological intervention treatment of
NCLBP. We intent to choose the right time to
set up this research group in future research.
Second, participants all signed up through the
scanning electronic questionnaire, and this may
lead to selection bias. Such as more highly
educated participants and young people would
like to sign up, and it is likely to affect the
generalizability of the findings. In subsequent
studies, the recruitment should be carried out in
outpatient communities and other places as
well. Third, during the 16 weeks of self-training,
the AUK system could provide exercise remin-
ders every day, but due to technical defects, it
could not provide SCT reminders, which may
have led to the low training frequency of SCT,
and we need to improve this in the future
research. Finally, except for the behavior per-
formance changes that were assessed, more
objective instruments such as fMRI may be
needed to investigate underlying mechanisms
and changes in brain function in future studies.

CONCLUSIONS

In conclusion, the pilot study is feasible to
deliver. Although there is no significant
between-group difference at 16 weeks in both
groups for pain and disability, our results indi-
cate that participants in the group of m-health-
based CSE combined with SCT may experience
faster relief from pain intensity and back dis-
ability than those in the group of m-health-
based CSE alone.
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