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Effectiveness of smartphone-based s

applications in low-back pain rehabilitation:
a systematic review and meta-analysis

Ishani Tayshete', Chris McCarthy', Adekola Ademoyegun® ®, Tadesse Gebrye', Francis Fatoye' and
Chidozie Mbada'

Abstract

Background Telerehabilitation is an innovative approach used to deliver care to patients with low-back pain (LBP)
and overcome barriers to access. This review aimed to summarise the effectiveness of smartphone-based applications
on pain, disability, and quality of life (QoL) of patients with LBP.

Methods The Preferred Reporting Items for Systematic Reviews and Meta-analysis guidelines and the Physiotherapy
Evidence Database (PEDro) were used. Four electronic databases were searched (MEDLINE, Web of Science, Scopus,
CINAHL) for eligible randomised control trials employing physiotherapy interventions via smartphone application

in patients with LBP published in English from 2015 to January 2025. Data on pain, disability, and QoL were extracted
and analysed.

Results The search yielded 1540 studies. After screening for duplicates, titles, and abstracts, 90 met the eligibility
criteria for a full review; however, only 15 studies met the criteria for analysis. The data of 4195 adult patients with LBP
was extracted from the included studies. Eight studies compared smartphone-based interventions to in-person physi-
otherapy. Four studies compared to usual medical care. Two studies compared the education control group, and one
employed home exercises with an information sheet. There are three studies of poor quality with a high risk of bias, 10
studies of fair quality with a moderate risk of bias, and only two studies of outstanding quality with a low risk of bias.
The pooled results of four studies (1606 patients) comparing smartphone-based apps and usual care in reducing

pain showed no significant difference between the two groups (standardized mean difference [SMD]= —0.597; 95%
Cl-1.342t0 0.148; p=0.116). Similarly, no significant differences were observed between the two groups in reducing
disability, when three studies involving 925 patients were pooled (SMD= —0.846; 95% Cl—2.071 t0 0.379; p=0.176),
and improving QoL (SMD=1.359; 95% Cl—0.798 to 3.516; p=0.217) when two studies (878 patients) were pooled.

Conclusion This review indicates that smartphone-based application interventions may offer comparable benefits
to usual care in reducing pain and disability and improving QoL and serve as a viable alternative to other interven-
tions for patients with LBP.

Keywords Low-back pain, Smartphone apps, Disability, Pain, Quality of life
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of impairment, dysfunction, potential aetiologies, chro-
nicity, and definitions, low back pain is a symptom rather
than a clinical entity [3, 4]. The sequalae of low back pain
are numerous, including a decrease in work productiv-
ity, absenteeism, physical deterioration, decline in daily
activities and quality of life, and higher medical costs
[5-9].

There is a proliferation of interventions to manage
individuals with LBP, and the choice of a particular inter-
vention is based on the classification of LBP nature [10].
However, a recent report [1] indicates a paucity of proven
effective treatment and continued reliance on low-value
health care. Nonetheless, a guideline suggests exercise,
psychotherapy, and self-management for LBP [11]. Fur-
thermore, evidence indicates that exercises, pain neu-
roeducation (PNE), and home exercise benefit patients
with LBP [12-14], and implementation of self-manage-
ment requires a paradigm shift from patients being overly
dependent on healthcare providers to active participants
in the care delivery [15]. Coupled with the need to have
a secure, affordable, simple, and accessible self-manage-
ment intervention for patients with LBP [16, 17], digital
healthcare interventions were introduced [18—20]

During the COVID-19 pandemic, digitally supported
rehabilitation rose to continue providing patients with
health care [21-24]. Programmes for digital telerehabili-
tation may be able to address these issues while increas-
ing participation and lowering costs and have produced
results that are comparable to those of in-person therapy
[25]. Telerehabilitation has evolved into a resource- and
money-efficient way to manage LBP [26, 27]. Expectedly,
owing to high smartphone penetration worldwide, with a
rate of 60.4% in 2024 [28], numerous commercially avail-
able applications are now available for healthcare moni-
toring and administration [29].

Subsequently, scoping reviews and systematic reviews/
meta-analyses are populating because of the need to
ascertain the feasibility and effectiveness of these applica-
tions. A systematic review [16] conducted on digital sup-
port interventions for the self-management of LBP, based
on randomised controlled trials (RCTs) or RCT protocol
studies published between 2000 and 2016, found that the
evidence was highly varied. As a result, no definite con-
clusions regarding the effectiveness of these interven-
tions could be drawn. The included studies in the review
lacked details on participants and intervention ration-
ale, making the results hard to interpret and generalise.
Only one study favoured digital interventions. Also, the
quality assessment revealed varying degrees of bias. As
a result, the findings do not provide sufficient informa-
tion to make a clinical decision on implementing digi-
tal interventions for self-management of patients with
LBP. Another systematic review and meta-analysis [30]
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evaluated the effect of mHealth interventions on LBP
compared with standard care in terms of pain and dis-
ability. The review included studies with varied meth-
odologies, limiting the internal validity of the findings.
Additionally, it compared mHealth with usual care,
potentially excluding comparisons with other therapies
[31].

Also, a recent review [32] included studies that meas-
ured the effect of e-health on patients with chronic LBP
and compared it with usual care or other therapies. The
review encompassed studies with diverse methodologies
but excluded those that combined e-health with other
interventions. This exclusion meant that some potentially
relevant studies were not included in the review. Further-
more, other systematic reviews included heterogeneous
patients of varying conditions including patients with
low back and neck pain [33] and patients with back pain
following spinal surgery [34]. Scala et al. in their review
incorporated studies of different designs and patients
with mixed diagnoses irrespective of the clinical course
[35], and since the review of Didyk et al. [36], other stud-
ies have been published [37-43].

There is a need for a more recent review that addresses
the shortcomings of earlier studies and analyses new
studies that may have been published based on more
rigorous methodologies in the evolving field of digital
health. Thus, unlike previous reviews, which provided
only narrative or qualitative syntheses, the present review
not only includes newly published studies but also intro-
duces a meta-analysis for a more robust evaluation of
the evidence. This systematic review and meta-analysis
aimed to summarize the effectiveness of smartphone-
based applications on pain, disability, and quality of life of
patients with LBP.

Method

This review followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. The search included the following data-
bases: MEDLINE, CINAHL, Scopus, Web of Science,
and International Health Technology Assessment Data-
base (IHTAD). All these databases returned yields,
except IHTAD. A systematic search was performed by
the reviewer using the following search terms: “low back
pain” OR “back pain” OR “musculoskeletal pain” AND
“smartphone app” OR “mobile phone app” OR “mobile
phone” OR “digital health” OR telerehabilitation OR
telehealth OR “mobile- web app” OR “digital care” OR
“digital health intervention” OR ehealth OR ‘clinical soft-
ware” OR “internet-mediated intervention” OR mhealth.
The databases were searched with several combinations
of search terms. The search included articles published
between the years 2015 and January 2025. Search results
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were exported to Endnote, and duplicates were removed.
The details of the search terms included in each database
along with filters, fields, expanders, and restrictions/lim-
iters used are presented in Table 1.

A population, Intervention, Comparison, Outcome,
Design (PICO) strategy was used to define the eligibil-
ity criteria in this review. Table 2 shows PICO describing
the inclusion and exclusion criteria of this systematized
review.

Two reviewers (IT and CM) screened the title and
abstract of studies according to the eligibility criteria
and studies that met the criteria were analysed further. A
third reviewer (TG) arbitrated any conflict resulting from
the title/abstract screening. Full texts of eligible studies
were analysed by the two reviewers. PRISMA flowchart
depicts the study selection process in Fig. 1.

Data extraction

The reviewers (IT and CM) extracted data related to
the study from each study. Duplicates were electroni-
cally removed from results using the Endnotes “Find
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Duplicates” option. The remaining studies were sought
for retrieval. Studies that met the preset PICOS inclu-
sion criteria were eligible for the systematic review. All
data was extracted into a word table. These included the
first author’s name, year, country, sample, participant
characteristics (i.e., sex, age, and sample size), outcome
measures, study design, intervention details, follow-up
duration, and summary of main results.

Data synthesis

The risk of bias in the included studies was assessed
using the Physiotherapy Evidence Database (PEDro)
scale, which has been designed explicitly for RCTs of
physiotherapy interventions [44]. Studies were scored
depending on the total score, as “poor;,” a score of four to
five as “fair,” a score of six to eight as “good,” and a score
of nine to ten as “outstanding” [45, 46]. A meta-analysis
was conducted and forest plots were created using com-
prehensive meta-analysis software (Biostat, New Jersey,
USA), V.3 for Windows. The standardized mean dif-
ference (SMD) with a 95% confidence interval (95% CI)

Table 1 Literature search strategy

Databases Search terms Expanders/limiters/filters No. of yields
MEDLINE (“Low back pain”OR “back pain” OR “musculoskeletal  Limiters—date of publication: 20150101~ 215
pain”) AND (“smartphone app” OR “‘mobile phone 20250131; English Language; publication type:
app”OR “mobile phone” OR “digital health” OR teler- randomised controlled trial
ehabilitation OR telehealth OR “mobile-web app” Search modes—Boolean/Phrase
OR ‘digital care” OR "digital health intervention”
OR ehealth OR‘clinical software” OR “internet-medi-
ated intervention” OR mhealth)
CINAHL ("Low back”OR “back pain”OR “musculoskeletal pain”)  Limiters—published date: 20150101-20250131; 65
AND (“smartphone app” OR “mobile phone app” English Language; Publication Type: randomised
OR“mobile phone”OR “digital health”OR telerehabili-  controlled trial
tation OR telehealth OR “mobile-web app”OR “digital ~ Search modes—Boolean/Phrase
care” OR “digital health intervention” OR ehealthOR
“clinical software” OR “internet-mediated intervention”
OR mhealth)
Web of Science “Low back”OR "back pain”OR “musculoskeletal Document type: Article 928
pain” (All Fields) and “smartphone app” OR “mobile Language: English
phone app” OR “mobile phone” OR “digital health” Time span: 2015-01-01 to 2025-01-31 (Index Date)
OR telerehabilitation OR telehealth OR “mobile-web
app” OR“digital care” OR “digital health intervention”
OR ehealth OR‘clinical software” OR “internet-medi-
ated intervention” OR mhealth (All Fields)
Scopus (TITLE-ABS-KEY (“low back pain"“back pain”OR“mus-  Document type: Article 328
culoskeletal pain”) AND TITLE-ABS-KEY (“smartphone  Keyword limited to: randomised controlled trial
app” OR“mobile phone app”OR “mobile phone” Language: English
OR‘digital health”OR telerehabilitation OR telehealth  Year range:2015-2025
OR“mobile-web app” OR “digital care” OR “digital
health intervention” OR ehealth OR “clinical software”
OR"internet-mediated intervention” OR mhealth))
International Health “low back pain”OR “back pain” OR “musculoskeletal Publication year: 2015-2025 0

Technology Assessment
Database

pain” AND “smartphone app”OR “mobile phone app”
OR "mobile phone”OR “digital health” OR telerehabili-
tation OR telehealth OR “mobile- web app”OR ‘digital
care” OR"digital health intervention” OR ehealth

OR clinical software” OR “internet-mediated interven-
tion” OR mhealth
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Table 2 Inclusion and exclusion criteria
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Inclusion criteria

Exclusion criteria

Population
- Both males and Females

Intervention

Comparator
ment

Outcome

« Adult patients with low back pain (> 18 years old)

- Smartphone-based applications for delivering physiotherapy treatment

- Studies involving muscu-
loskeletal conditions other
than low back pain

- Cross-sectional, qualita-
tive, feasibility, protocol,
or pilot studies

- Studies not available

in full-text

- Studies published in lan-
guages other than English
- Studies mainly deliver-
ing interventions other
than physiotherapy

- Studies not providing
adequate information

on the smartphone app
intervention

Usual care, exercises, placebo, education, face-to-face interventions, no treat-

Pain, disability, and quality of life outcome measures

was estimated to determine the overall effect. The het-
erogeneity of the included studies was evaluated by tau
squared (7). The alpha level was set at p < 0.05. Addition-
ally, a sensitivity analysis was performed using the leave-
one-out method.

Results

A total of 1540 studies were identified by searching
through different databases. These included 215 from
MEDLINE (2015-2025), 65 from CINAHL (2015-
2025), 328 from Scopus, and 928 from Web of Science
(2015-2025). After removing 1222 duplicate records,
318 articles were left, which were screened based on
the eligibility criteria. Two hundred twenty-eight were
removed after screening the title and abstract of the
studies and were further narrowed down to 90 studies.
Further, the full text was screened according to the eli-
gibility criteria, of which 63 studies were excluded as the
studies employed interventions other than physiotherapy
by other health care professionals such as occupational
therapy, cognitive therapy delivered by nursing staff, psy-
chotherapy, and pain processing therapy or were qualita-
tive or pilot studies. Five studies were excluded as they
focused on patients with widespread chronic pain rather
than specifically on LBP. Additionally, four studies based
on other conditions that manifested as back pain were
also excluded. Two studies, which were based on mul-
tiple joints but did not report separate data for patients
with LBP, were also excluded. Lastly, a digital interven-
tion study on LBP that did not use a smartphone-based
app was excluded from the review. Overall, a total of 15
studies met the criteria and were included in the review.

Descriptive characteristics of studies

A total of 15 studies from 11 countries that met the inclu-
sion criteria were included in this review. Three studies
were from Germany [37, 47, 48], two studies from Nige-
ria [26, 49], two from the Netherlands [38, 50], one from
India [51], one from Norway, Denmark [52], one from
the USA [53], one from Japan [39], another one was from
Turkey [40], one from Finland [41], one from Spain [42],
and lastly one from China [43].

The studies were published between 2015 and January
2025. The sample size to measure the effect of smart-
phone-based support in the included studies ranged
from 47 to 1245. The included 7 studies were on non-
specific LBP [38, 43, 47, 48, 50, 52, 53]. Five studies were
on chronic LBP [39-42, 51]. Two studies were on chronic
non-specific LBP [26, 50]. One was on non-specific and
degenerative LBP [37]. The follow-up period of these
studies ranged from 4 weeks to 12 months. The data of
4195 adult patients with LBP was extracted from 15
included studies. Fourteen out of 15 studies were RCTs
while one study [49] had a quasi-experimental design
which followed the design of RCT. The details of the
studies are presented in Table 3.

PEDro results

The Physiotherapy Evidence Database (PEDro) assessed
the quality of the included studies (Table 4). A higher
score indicates a methodologically high-quality study,
and assessment of the Pedro scale’s validity as a tool for
quality assessment [54, 55]. The authors state that a score
of four is regarded as “poor’ a score of four to five as
“fair;” a score of six to eight as “good,” and a score of nine
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Fig. 1 PRISMA flow chart

to ten as “outstanding” [45, 46]. All included studies spec-
ified the eligibility criteria. Also, all studies randomised
patients into groups. Despite the eligibility criteria being
specific, it can be noted that only six studies had similar
patient baseline characteristics [40—43, 47, 52]. 11 stud-
ies attempted to conceal the allocation through sealed
opaque envelops, using electronic algorithms or com-
puter-generated allocation and by using independent
research who is not involved in assessment or treatment
of the patients [26, 38, 40—43, 48-52].

Studies were lacking in blinding; only two studies
blinded the participants [43, 50], five studies blinded
the outcome assessor [26, 40, 42, 50, 51], and there

Reports excluded:
Interventions other than
physiotherapy (n =63)

Chronic pain studies that did not
specify low back pain (n =5)

Low back pain as a secondary
diagnosis (n = 4)

Included other conditions with low
back pain but no specified results on
LBP (n=2)

Other digital intervention (n=1)

was a lack of blinding therapists employing the inter-
ventions in all the studies. Eleven studies reported the
outcome measure data of more than 85% of partici-
pants whom they allocated [37-43, 50-53]. However,
out of the 11 studies, only eight analysed the data and
included them in the results [37, 38, 41, 42, 50-53]. All
studies reported statistical analysis and between-group
differences. Based on the scoring of Pedro, four studies
are of poor quality and have a high risk of bias [39, 47—
49], and nine studies have fair quality and have a mod-
erate risk of bias [26, 37, 38, 40—42, 51-53], whereas
only two studies are of outstanding quality and have a
low risk of bias [43, 50].
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Table 4 Quality assessment for the included studies

Pedro Scale Domains Item1 Item2 Item3 Item4 Item5 Item6 Item7 Item8 Item9 Item10 Item11 Total
Irvine [53] Yes Yes No No No No No Yes Yes Yes Yes 6/11
Chhabra [51] Yes Yes Yes No No No Yes Yes Yes Yes Yes 8/11
Mbada [49] Yes Yes Yes No No No No No No Yes Yes 5/1
Toelle [47] Yes Yes No Yes No No No No No Yes Yes 5/11
Suman [50] Yes Yes Yes No Yes No Yes Yes Yes Yes Yes 9/11
Priebe [48] Yes Yes Yes No No No No No No Yes Yes 5/1
Fatoye [26] Yes Yes Yes No No No Yes No No Yes Yes 6/11
Sandal [52] Yes Yes Yes Yes No No No Yes Yes Yes Yes 8/11
Weise [37] Yes Yes No No No No No Yes Yes Yes Yes 6/11
Koppenaal [38] Yes Yes Yes No No No No Yes Yes Yes Yes 7/11
Ozden [40] Yes Yes Yes Yes No No Yes Yes No Yes Yes 8/11
[toh [39] Yes Yes No No No No No Yes No Yes Yes 5/11
Villatoro-Luque [42] Yes Yes Yes Yes No No Yes Yes No Yes Yes 8/11
Cui [41] Yes Yes Yes Yes No No No Yes Yes Yes Yes 8/11
Shi 2024 [43] Yes Yes Yes Yes Yes No No Yes Yes Yes Yes 9/

The summary of the results of the included study is
described in Table 3. Fourteen RCTs and one quasi-
experimental study [49] employed smartphone app
intervention in physiotherapy rehabilitation of low back
pain. Eight studies compared smartphone-based inter-
vention to the face-to-face physiotherapy control group
[26, 37, 38, 41-43, 47, 49]. Four studies compared to the
usual medical care [39, 48, 51, 52]. Two studies compared
the education control group [41, 50], and one employed
home exercises with an information sheet [40].

Pain

A total of 13 studies reported pain outcome measures
[37-43, 47-49, 51-53]. The clinical outcomes measured
were pain on lumbar movements and special test [42],
NRS [38, 39, 48, 52], NRPS [41, 43, 51], current back pain
[53], pain self-efficacy questionnaire [52], QVAS [49],
VNRS [37], and VAS [40]. All these studies found that
smartphone-based support improved the pain in patients
with LBP. Seven studies had face-to-face (in-person)
physiotherapy in the control group [37, 38, 41-43, 47,
49], four studies had usual care as the control group [39,
48, 51, 52], one study had an educational approach [53],
and one study had home exercises sheet in the compara-
tor group [40].

Seven studies found that the app group was superior
to the control group in managing pain in LBP patients
[37-40, 48, 52, 53]. One study found that the app group
reduced the pain intensity score but found no between-
group difference [47]. Four studies [41, 43, 49, 51] found
that pain improved in both groups, but there were no
superior groups across pain outcome measures. One
study found that exercise through telerehabilitation

reduced pain during the knee extension test (p= 0.043)
immediately after the 8-week intervention [42].

Four studies [38, 39, 43, 48] involving 1606 patients
employed similar pain rating scales (NRS or NRPS), and
follow-up periods were included in the meta-analysis.
The results showed that smartphone-based apps did not
significantly reduce pain in patients with chronic LBP
(SMD = — 0.597; 95% CI —1.342 to 0.148; p= 0.116; 1°=
0.000; p-heterogeneity =0.116) (Fig. 2). A sensitive test
(leave-one-out analysis) showed that the removal of Itoh
et al. [39] did not substantially change the results (SMD
= — 0.076; 95% CI —0.395 to 0.243; p= 0.639; = 0.000;
p-heterogeneity =0.639) (Supplementary figure).

Disability

A total of 13 studies employed disability-related outcome
measures [37-43, 47-49, 51-53]. These studies used
the Tampa Scale of Kinesiophobia [39, 41, 42], Graded
Chronic Pain Scale [47], Roland Morris Disability Ques-
tionnaires [39, 40, 49, 50, 52], Pain self-efficacy question-
naire [52], fear-avoidance beliefs questionnaire [41, 52],
Oswestry Disability Index [26, 38, 40, 43, 49], Modified
Oswestry Disability Index [51], Hannover Functional
Ability Questionnaire [48], Back Beliefs Questionnaire
[50].

Five studies noted that there was a significant improve-
ment in within-group analyses with p-value (p < 0.001),
but no superior group emerged during the between-
group analyses [26, 41, 43, 47, 49]. One study found that
e-health intervention was ineffective in improving dis-
ability in low back pain patients [50]. One study observed
that telerehabilitation improves kinesiophobia with a
medium effect size (d= 0.509) [42]. Similarly, another
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Std diff in means and 95% CI

Lower Upper
limit Z-Valuep-Value

Priebe et al., 2020 -0.281 0.066 0.004 -0.410-0.153 -4.285 0.000 -.-
Koppenaal et al., 20220.137 0.140 0.020 -0.138 0.412 0.978 0.328
Shi etal., 2024 0.000 0.272 0.074 -0.533 0.533 0.000 1.000
Itoh et al., 2022 -2.340 0.261 0.068 -2.851-1.828 -8.966 0.000
Random effects model -0.597 0.380 0.144 -1.342 0.148 -1.571 0.116
K T 1 1
-1.00 -0.50 0.00 0.50 1.00

Heterogeneity, tau squared = 0.00 p =0.116

Favours Int Favours Cot

Fig. 2 Forest plot for the effect of smartphone-based applications on pain outcomes in low-back pain patients

study found that the app group showed significant
improvement in kinesiophobia (p= 0.04) but did not find
the superior group in other disability-related outcome
measures (RDQ-24) [39]. One study demonstrated that
app delivered home exercise program along with medica-
tions compared to usual care is effective (p< 0.001) [51],
while another study demonstrated that telerehabilitation
accompanied by therapist communication is more effec-
tive in improving disability, compared to only exercise
sheet (p < 0.05) [40].

One study compared the app groups with the usual
care group that employed more than one disability-
related outcome measure and found different results
across the outcome measures [52]. The study found the
app group superior across the RMDQ (p= 0.003) and
pain self-efficacy questionnaire (p = 0.001), but there was
no significant difference in the Fear-avoidance beliefs
questionnaire. Conversely, one study noted that the app
group outperformed the usual care group in disability-
related outcome measures (p < 0.001) [48]. Another study
compared the app group with face-to-face physiotherapy
sessions and found no superior group across ODI, but
the app group was superior in the fear avoidance belief
questionnaire (< 0.001). The same study reported that,

in patients with a high risk of developing persistent pain,
the app group was noted as superior in the ODI (p= 0.01)
and fear avoidance belief questionnaire (p = 0.04) [38].

Three studies [39, 49, 50] with 925 patients utilized
Roland Morris Disability Questionnaires and had meas-
ures of variability were included in the meta-analysis.
The meta-analysis showed that the included studies were
homogenous but revealed that smartphone-based apps
did not significantly reduce disability among patients
with LBP (SMD = — 0.846; 95% CI —2.071 to 0.379; p=
0.176; T™= 0.000; p= 0.176) (Fig. 3). However, sensitive
analysis of two studies [49, 50] (826 patients) showed a
significant effect of smartphone-based apps on disability
(SMD = — 0.141; 95% CI —0.279 to —0.003; p= 0.045)
with a small heterogeneity (t*= 0.000; p = 0.045) (Supple-
mentary figure).

Quality of life

A total of 12 studies employed quality-of-life measures
[38-41, 43, 47-53]. These studies used Veterans RAND
12-item Health Survey (VR-12) [47, 48], Functionality,
Quality of life and well-being [53], Dartmouth CO-OP
[53], work productivity [53], presenteeism [53], EQ-
5D-3L [38, 39, 50], EuroQol-5 Dimension questionnaire

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Valuep-Value

Mbada et al.,, 2019-0.325  0.295 0.087 -0.904 0.254 -1.100 0.271 I
Suman etal., 20190.130  0.073  0.005 -0.272 0.012 -1.793 0.073 -
itoh eta al., 2022 -2.110  0.251 0.063 -2.602-1.618 -8.412 0.000
Random effects model-0.846  0.625 0.391 -2.071 0.379 -1.354 0.176 —
-1.00 -0.50 0.00 0.50 1.00

Favours Int Favours Cot
Heterogeneity, tau squared = 0.00 p = 0.176

Fig. 3 Forest plot for the effect of smartphone-based applications on disability (Roland Morris Disability) outcomes in low-back pain patients
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[52], EuroQol visual analogue scale [52], SF-12 (GHS,
HRQoL) [49], Current Symptom Score (CSS) [51], SE-36
[40, 43], GAD-7 [41], WPAI [41], and WPAI-GH [39].

Four studies found that intervention groups signifi-
cantly improved patients’ quality of life (P < 0.05) [39, 40,
48, 51]. One study noted telerehabilitation-based McKen-
zie group improved the vitality domain of the SF-12 (P=
0.001), while no superior group emerged in the general
health status domain of the same scale [49]. Three stud-
ies that used app-based exercises compared to face-
to-face physiotherapy intervention found no superior
group across quality-of-life measures [41, 43, 47]. Similar
results were found in a study that compared the e-health
strategy to the control group [50]. Two studies found no
significant difference in between-group analysis across
quality-of-life measures [38, 52]. One study compared
app-based intervention with two groups (alternative care
and control), and the app group showed a significant
improvement in only one of the quality of life measures
when compared to the control group (P< 0.005) at both
points of follow-up [53].

Only 2 studies [39, 50] using EQ-5D-3L to assess QoL
and had measures of variability were included in the
meta-analysis. The pooled results of 878 patients with
LBP showed no significant difference in QoL between
smartphone-based apps and usual care interventions
(SMD =1.359; 95% CI —0.798 to 3.516; p = 0.217) (Fig. 4).
The results showed that the pooled studies were homog-
enous (1= 0.000; p= 0.217).

Discussion

This systematic review and meta-analysis aimed to inves-
tigate the effectiveness of smartphone app-delivered
rehabilitation in improving pain, diminishing disability,
and enhancing quality of life in patients with LBP. Based
on the findings from the included studies, this review
suggests that smartphone apps could be effective in phys-
iotherapy rehabilitation in patients with LBP. Our meta-
analysis, based on a limited number of studies, found that

Study name

Std diff Standard

inmeans error Variance limit

Statistics for each study
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smartphone app-based interventions did not significantly
reduce pain (1606 patients), disability (925 patients), and
quality of life (878 patients) in individuals with LBP com-
pared to usual care, suggesting that digital interventions
may offer similar benefits to usual care in these domains.
Previously, one systematic review attempted to measure
the effect of mobile health applications and concluded
that mHealth in combination with usual care is better
than usual care alone in managing pain and disability
in patients with LBP [30]. Also, emphasized the impor-
tance of telephone calls and feedback intervention may
improve the positive effects. Similar findings were noted
in this review. Video-based telerehabilitation, along with
means of communication with clinicians, found improve-
ments in disability in patients [40, 42].

The increase in mobile device penetration has led to
growth in the development of medical software applica-
tions for communications and consulting, disease assess-
ment, and information gathering; clinical diagnosis or
decision-making; and management and monitoring of
patients [56]. The benefits obtained or ascribed to these
applications may be a result of patients’ empowerment
resulting from having an active role in their health care
that these applications provide [57]. In maximizing these
applications based on the prescriptions of clinicians,
there is the chance of having improved patient outcomes
[58]. A qualitative study [59] explored the experience of
patients with LBP with internet-based intervention, and
one of the themes that emerged was “feeling supported
by physiotherapists,” which was through the addition of
telecommunication along with digital intervention and
was described as motivating and encouraging. Simi-
larly, one study [48] found that patients who received
teleconsultation and app intervention showed a signifi-
cant decrease in pain compared to guidelines-led stand-
ard care. However, it is important to note the limitations
of the study that impact the results, such as there was a
lack of blinding between patients, therapists, and asses-
sors which may have led to bias [60]. A comparison of

Std diff in means and 95% CI

Lower Upper
limit Z-Valuep-Value

ltoh et al., 2022 2475 0267 0.071 1.951 2.999 9.264 0.000
Suman etal., 20190.274  0.073 0.005 0.131 0.416 3.756 0.000 E =
Random effects model 1359  1.101 1.211 -0.798 3.516 1.235 0217
-1.00 -0.50  0.00 0.50 1.00

Heterogeneity, tau squared = 0.000, p = 0.217

Favours Int Favours Cot

Fig. 4 Forest plot for the effect of smartphone-based applications on health-related quality of life outcomes in low-back pain patients
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clinician-prescribed and non-prescribed (commercially
available) mobile applications may help prove these
assertions.

On the contrary, two studies administered telereha-
bilitation-based McKenzie therapy through smartphone
apps but with no specific communication with thera-
pist option, and one found significant differences in only
one domain of the quality-of-life measure [49], whereas
another study [26], found no superior group across the
disability measure. This could be due to the significant
difference in baseline characteristics in both studies.
Both studies had differences in BMI between the two
groups and may have an impact on fatigue/vitality, due
to which the difference was only in that domain of qual-
ity of life but not in other domains. Another study [26]
showed significant differences in both groups’ age range
and pain duration, due to which the baseline disability
between the groups differed, and the impact of interven-
tion might have differed for participants and reflected in
the results. Also, the sample size was relatively small (n=
46), which may have skewed the results further. The study
had undertaken only 4 and 8 weeks of follow-up, which
may not be enough to observe the intervention’s effect.

In this review, PEDro was employed to measure the
quality assessment. According to the quality assess-
ment, most of the included studies revealed a high [39,
47-49] to moderate risk of bias [26, 37, 38, 40-42, 51-53]
whereas only two were found to have a low risk of bias
[43, 50]. The findings are similar to a recent systematic
review [32-34, 36] that measured the effect of eHealth
on patients with chronic LBP and found moderate quality
evidence that e-health interventions that emphasise self-
maintenance and education can improve back-specific
functional status and pain in patients with chronic LBP
just as much as other in-person or home-based interven-
tions. Several other reviews [16, 30, 61] found similar
findings in terms of evidence quality, which suggests that
in general, the literature on digital support in LBP reha-
bilitation lacks high-quality evidence.

It is also essential to emphasize that in this review,
there is significant heterogeneity among the included
studies regarding apps used for the intervention, control
group interventions, duration of the administered inter-
vention, follow-up duration, and the outcome measures
employed. Despite all studies administering interven-
tions via smartphone applications, the user elements of
the app exhibited differences across the studies. Addi-
tionally, each app intervention had its unique framework,
exercise program, educational material, tracking options,
prompting mechanism, and motivating components.
Several variations among the interventions were noted;
choosing the best application or treatment program is
difficult. However, it was evident that post-intervention
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benefits were noted in the app interventions that were
tailored to each patient’s specific conditions and needs,
provided flexibility, and featured interactive user inter-
faces [37, 40, 42, 43, 52, 53]. On the contrary, one study
[50] that employed app intervention that lacked a struc-
ture and despite providing the communication tools did
not show any significant results. Additionally, the control
group of the study had more participants in general com-
pared to the intervention group and had patients doing
more physical work and higher absenteeism, which sug-
gests that there seems to be more disability in the control
group and may have skewed the results.

Some studies that compared app group intervention
with face-to-face intervention found that both interven-
tions effectively improve pain, disability, and quality of
life in low back pain patients. One study [47] did not find
a statistically significant difference between the groups
across pain, disability, and quality of life outcome meas-
ures, but the mean difference was noted after 12 weeks
in pain outcome measure; the potential reason for that
could be that the study was underpowered. The study
calculated more than 200 patients per group per pro-
tocol analysis but had only included 101 in total, which
might not be enough to see the difference in the results.
Similarly, a study [41] compared face-to-face interven-
tion to self-tailored app intervention and found signifi-
cant within-group differences but no group differences
in pain and disability measures. The study follow-up was
8 weeks only, which may be insufficient to measure the
effect completely. Additionally, it was conducted dur-
ing the pandemic, which may have impacted exercise
adherence and motivation and, hence, the results. On
the contrary, in another study, the app group significantly
improved pain compared to face-to-face interventions
with significant statistical differences [37]; the main dif-
ference between the two groups was the number of ses-
sions administered. The app group received 12 weeks of
intervention, while the control group received between
6 and 12 weeks, which may impact pain intensity. Also,
the exercises were progressed by an algorithm according
to the feedback given by the patients in the app group.
Additionally, the follow-up was taken through differ-
ent means; for the app group, it was accessed through
the app while the control group follow-up was done
through interviews and there was a lack of blinding in the
study. All these factors may have influenced the results.
Another study [36] compared stratified blended physi-
otherapy via app to face-to-face physiotherapy interven-
tion and found disability improved in both groups and
in some measures, the app group showed a statistically
significant difference. The study employed multiple out-
come measures and the majority of them were patient-
reported outcomes, which may have different domains
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and parametric properties due to which there could be
differences in results. Another aspect is the lack of blind-
ing in the study as it might have caused bias in the results
[62]. Also, 3 months follow-up may be insufficient to
measure the long-term effects. All these factors may have
impacted the results.

Two studies compared app group intervention with
pharmacotherapy [39, 51]. While both studies employed
different outcome measures having different constructs,
one study developed some of the quality of life measures
specifically for the study [51], which may have different
parametric properties compared to the original version
and may not have fully captured the effect of the inter-
ventions and further, may have overestimated the results.
Additionally, both groups did not have similar baseline
characteristics. The dosage and type of medicine itself
may influence patients’ symptoms, which is not discussed
in detail about the results and may have affected the find-
ings of the study. Overall, app group intervention seems
to be superior to pharmacotherapy and improves pain,
disability, and quality of life in LBP patients.

This review also noted that except for one [50], all stud-
ies could not determine the interventions’ long-term
effects or adverse effects. Studies that compared app
intervention to face-to-face physiotherapy had follow-
up periods between 2 and 12 weeks. A similar range of
follow-up was seen in studies of the usual care and edu-
cation approach as a control group. Only one study had
12 months of follow-up [50]. While all studies employed
appropriate outcome measures, heterogenicity was
observed in selecting the outcome measures across the
studies. Due to the differences in the parametric proper-
ties of the measures, the reporting of the results might
have differed. A study [63] measured the psychometric
properties of fear avoidance measures and found that
commonly used measures may be reliable but suggested
using a pain catastrophizing scale and fear avoidance
belief questionnaire together due to different construct
redundancy. This could be the potential reason for dif-
ferences in the results found in one of the studies [36].
Additionally, across the studies, only a few mentioned
the repetition of exercises [26, 49], which could pose a
problem when applying these interventions in clinical
practice.

Some of the included studies are conducted at different
places [48, 50, 52], and a few studies adopted a multi-cen-
tre design [38, 39], which may increase the generalizabil-
ity of the results of these studies. However, most studies
included patients who were familiar with technology and
could access the app independently [26, 37-39, 41, 43,
47, 48, 51-53] which may reduce the potential partici-
pant pool. Except for two studies out of 15 [37, 41], all
studies have slightly younger age groups. It suggests that
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smartphone apps may not be feasible for those unfamiliar
with or unable to operate technology. While the inclu-
sion criteria of the studies are similar, only six studies had
similar patient baseline characteristics [40-43, 47, 52].
There were differences in baseline pain intensity, dura-
tion of the back pain, age groups, and number of partici-
pants in the group. Also, one study failed to report the
age group of the included participants [53], while another
study [51] did not report the gender distribution among
the included patients. All these factors affect the general-
izability of the results.

Few of the included studies monitored adherence and
follow-up through app activity data [40, 43, 48, 51], while
few did it through calls, emails, or interviews [38, 40, 49,
50, 52, 64]. Also, only a few have mentioned the reasons
behind the dropouts, but all studies have reported the
number of dropouts. The number of dropouts differed
across all the studies. In general, app tracking or activity
for adherence seems to be a better option when consid-
ering feasibility in clinical practice. A recent systematic
review [65] found that incorporating mobile application-
based therapy interventions into clinical practice can
enhance therapeutic adherence which is an important
factor to consider for clinical application. Similar findings
were found in one study [41]. The presentation of results
was appropriate in all the included studies and was easy
to interpret. However, few studies could have provided
more information about the protocol [36, 38]. Also, the
sample size was calculated in all studies except for one
[53], and seven of the included studies did not analyse all
the patients they allocated in the group [26, 40, 41, 43, 49,
50, 52], which may have affected the results [66, 67].

In general, smartphone app interventions seem to be
equally effective as other face-to-face interventions in
improving pain, disability, and quality of life which may
be superior to usual or educational care. Several method-
ological limitations and strengths were found in the stud-
ies. All studies defined the eligibility criteria which may
ensure that suitable patients were included in the study
and may have strengthened the generalizability [68]. All
studies randomised the participants which may have
reduced the potential bias arising [69]. Only two studies
blinded the participants [43, 50], lack of blinding between
participants in other studies may have led to bias and
further impacted the results. Additionally, the allocation
was not concealed in some studies [37, 39, 47, 53], which
may have been affected by selection bias [70]. Hence,
the results should be considered with these limitations
in mind. Lastly, limited studies measured the effect on
quality of life in patients with LBP [38—41, 47-53]; future
research studies should focus on measuring the effect of
smartphone application intervention on the quality of life
of LBP patients.
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This review presents several limitations and strengths.
The strength of this review is that compared to the previ-
ous published systematic reviews, and this review included
the results of a meta-analysis of some included results and
attempted to employ rigorous methodology by exclud-
ing pilot, feasibility, or protocol studies. Additionally, this
review explored databases that were not addressed previ-
ously with a refined search strategy. Also, the previous
reviews included a wide range of digital technologies such
as computer-based and activity tracker watches and found
heterogeneous results and could not provide a definite con-
clusion. This review only focused on one type of digital sup-
port, smartphone-based applications, and excluded studies
that used computers or devices other than smartphones.

The limitations of this review are that the included stud-
ies seem to have a moderate to high risk of bias, which
may skew the results. Additionally, all studies lack blind-
ing. Moreover, language preference for records was lim-
ited to English so this review might have missed potential
good-quality articles published in other languages. Also,
unpublished, or grey literature was not searched in
the review, which introduces a publication bias. In the
included studies, there seems to be an imbalance in num-
ber of male and female participants. The long-term effect
of smartphone app intervention cannot be determined
due to the lack of long-term follow-up across the included
studies. Additionally, limited studies were there to draw
comparisons to the findings of the included studies. Fur-
thermore, meta-analysis was not conducted for all the
studies that were eligible for the systematic review, as only
studies that used the same tools to assess pain, disability,
and QoL were pooled for meta-analysis.

Clinical implication and future recommendations

Based on the results of this review, across the studies, the
results may have shown app group intervention favour-
able compared to the control group. However, the stud-
ies that did not find the superior group suggest that both
groups are effective. In general, it seems that smartphone
applications can be a valuable tool for rehabilitating
low back pain patients. Nevertheless, by upgrading and
integrating a structured, interactive, and user-friendly
element in the application, the effectiveness of the smart-
phone app intervention may be maximised to its full
potential in the rehabilitation of LBP. In addition, digital
interventions cannot simply replace face-to-face sessions
as discussed above; incorporating therapist communi-
cation in smartphone application interventions might
have other advantages. It is also essential to consider the
individual patient’s compatibility with technology, and
whether they can access the applications independently
or not should be a factor to be checked before adminis-
tering it to the patients. Digital health interventions are
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rising to new horizons. Hence, future studies should
focus on measuring the impact of smartphone applica-
tion interventions on quality of life and further explore
the long-term effects by taking appropriate, longer fol-
low-ups to carry out high-quality studies.

Conclusion

Smartphone-based application interventions have the
potential to effectively reduce pain, improve disability,
and enhance the quality of life as a viable alternative to
other interventions for patients with LBP. This review
also emphasizes the benefits of therapist communication
in conjunction with a smartphone app and highlights the
necessity of considering patient compatibility with tech-
nology in clinical practice.
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