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Abstract
Background Mobile health (mHealth) is emerging as the most convenient way to deliver rehabilitation services remotely, 
and collect outcomes in real time, thus contributing to disease management by transferring care from hospital to home. It 
facilitates accessibility to healthcare, enhances patients’ understanding of their condition, and their willingness to engage in 
self-management, giving way to high-quality care to the satisfaction of both patients and healthcare professionals.
Purpose The purpose of this study was to examine the effect of using a smartphone app (called Snapcare) on pain and func-
tion in patients suffering from chronic low back pain.
Methods Ninety-three patients with chronic low back pain were recruited and randomly allocated to either the Conventional 
group (n = 48) receiving a written prescription from the Physician, containing a list of prescribed medicines and dosages, and 
stating the recommended level of physical activity (including home exercises) or the App group (n = 45) receiving Snapcare, 
in addition to the written prescription. Pain and disability were assessed at baseline and after 12 weeks of treatment.
Results Both the groups showed significant improvement in pain and disability (p < 0.05). The App group showed a signifi-
cantly greater decline in disability (p < 0.001).
Conclusion Health applications are promising tools for improving outcomes in patients suffering from various chronic 
conditions. Snapcare facilitated increase in physical activity and brought about clinically meaningful improvements in pain 
and disability in patients with chronic low back pain.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.

Key points

[mHealth; Health technologies; eHealth solu�ons]

1. mHealth is emerging as the most convenient way to deliver rehabilita�on services
remotely, and collect outcomes in real �me.

2. An evidence-based mHealth/eHealth approach based on pa�ent feedback may
provide remote support and guidance for health behaviours, becoming an
important component of self-management.

3. We present a novel mHealth pla�orm that supports pa�ent empowerment and
inclusiveness with the integra�on of monitoring and decision support tools.
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Take Home Messages

1. The Snapcare App is designed to monitor pa�ent’s daily ac�vity levels and
symptoma�c profile.

2. It disseminates personalized care in terms of ac�vity goals and home exercise
program based on pa�ent’s baseline health data and pain levels a�er each
ac�vity session.

3. Our findings suggest that a combina�on of engaging interface along with an
individualized approach to goal-se�ng is likely to be the most effec�ve strategy
for maximizing physical ac�vity and compliance to home exercise programs.
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Introduction

Low back pain (LBP) is considered a major health problem 
due to its high prevalence [1, 2], high probability of recur-
rence [3], and associated disability [4]. It is the leading cause 
of activity limitation and work absence throughout much of 
the world, imposing a high economic burden on individuals, 
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families, communities, industry, and governments [5, 6]. 
Low back pain which lasts for more than 3 months is defined 
chronic low back pain (CLBP) [7], and accounts for 75% to 
90% of the societal costs of back pain [8]. An analysis of the 
Global Burden of Disease Study 2010 revealed that LBP has 
been the leading contributor to overall YLDs (Years Lived 
with Disability), through the past decade [9], with CLBP 
as one of the primary reasons for work loss, healthcare use, 
and disability benefits [10–12]. CLBP causes disability by 
reducing a patient’s ability to keep up with Activities of 
Daily Living (ADLs) [13, 14]. Patients are usually unable 
to undertake employment [15], and spend a large proportion 
of their time lying down [16, 17]. They also go through sig-
nificant emotional despair [18, 19], and become restricted in 
their social behavior [20]. Reduced activity as measured by 
numerous life function and disability scales, and significant 
levels of physical deconditioning, have been documented in 
this population [21–28]. Along with the considerable impact 
of CLBP on daily functioning [11], it has been observed that 
while improvements occur in sleep disturbance and psycho-
logical distress after treatment for CLBP; sitting, standing, 
and lifting still remain notable problems despite treatment 
[29].

Intensive rehabilitation programs for patients with CLBP 
incorporate progressive training in endurance, flexibility, 
and strength in order to reverse deconditioning and improve 
life function [30]. During the last 15 years, numerous studies 
have concluded that exercise helps alleviate chronic low back 
pain [31–37] and CLBP patients who engage in adequate 
levels of physical activity have better prognosis in terms 
of pain, disability, and quality of life [38, 39]. Despite the 
benefits, adherence to exercise programs is often suboptimal, 
with dropout rates ranging from 10 to 36% [40]. Follow-up 
data suggests that from one-third to two-thirds of patients 
are noncompliant with exercises [41]. This result is particu-
larly true regarding unsupervised exercise at home [42–44]. 
It has also been proposed that many recurrent cases of low 
back pain could have been avoided if patients had adhered 
to their home exercise programs [45, 46]. Geographical and 
transportation barriers, socio-economic factors, and financial 
constraints might be important determinants of this non-
adherence [47]. The most commonly cited reasons are the 
lack of time to exercise, and the inability to fit the exercises 
into their daily routine [48]. It is thus important to look for 
alternative models of health service delivery that could bet-
ter meet patients’ preferences, and in so doing, enhance exer-
cise treatment compliance [49].

mHealth is an innovative way to approach healthcare; 
it involves use of the core utility of mobile phones, along 
with their more complex applications and functionali-
ties [50]. The advantage of using mobile technology for 
healthcare is that mobile devices are personal, and thus 
constantly accessible to patients [51, 52]. Since mobile 

devices today integrate features that previously research-
ers needed to specifically incorporate into these devices 
to allow their use for monitoring and other healthcare pur-
poses [53], mHealth is emerging as the most convenient 
way to deliver rehabilitation services remotely, and col-
lect outcomes in real time, thus contributing to disease 
management by transferring care from hospital to home. 
Moreover, the proliferation of smartphones, has culmi-
nated in an abundance of healthcare applications which 
enable patients to self-monitor their health data and share 
it with their healthcare professionals, thus reducing health-
care consumption and cost [54–56]. Clearly, the deploy-
ment of mHealth facilitates accessibility to healthcare, 
enhances patients’ understanding of their condition, and 
their willingness to engage in self-management, giving 
way to high-quality care to the satisfaction of both patients 
and care professionals.

The Snapcare App is one such platform designed to 
monitor patient’s daily activity levels and symptomatic 
profile. The smartphone application disseminates person-
alized care in terms of activity goals and home exercise 
program based on patient’s baseline health data and pain 
levels after each activity session. These goals are advanced 
based on patient’s comfort level with physical activity and 
exercise at various intervals, which are gauged via Patient 
Reported Outcome Measures (PROMs) and exercise data 
collected via the app. Enough evidence exists to establish 
that use of mobile technology effectively promotes certain 
desired behaviors including physical activity [57]. How-
ever, to the best of our knowledge, there exist no studies 
as yet which focused on reducing disability by improving 
physical activity and exercise adherence in CLBP patients, 
using a smartphone-based intervention. Hence, the pur-
pose of this single blind RCT was to evaluate the effect of 
using Snapcare on pain and function in patients suffering 
from CLBP.

Methods

Study design

We conducted a single-blinded RCT (with blinding of the 
outcome assessor) to evaluate the efficacy of a patient-cen-
tered smartphone-based intervention (in addition to standard 
written prescription), in reducing pain and disability, as com-
pared to standard written treatment prescription provided by 
the Physician. This trial has been designed according to the 
CONsolidated Standards of Reporting Trials (CONSORT) 
statement [58] and is reported according to the Standard 
Protocol Items: Recommendations for Interventional Trials 
(SPIRIT) statement [59] (Fig. 1).
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Participants

We recruited 93 patients with chronic LBP from the out-
patient Spine Department in a private hospital in New 
Delhi, India, between September 2016 and December 
2016. Consenting participants were randomly allocated 
to either the Conventional group (n = 48) and received a 
written prescription from the Physician, containing a list 
of prescribed medicines and dosages, and stating the rec-
ommended level of physical activity (including home exer-
cises), or the App group (n = 45) and received Snapcare, 
in addition to the written prescription.

The number of subjects was determined using Software 
G. Power 3.192. An effect size of 0.37 was obtained from 
the data relative to changes in Oswestry Disability Index 
(ODI) in a study by Multani et al. [60], which examined 
the effects of telemedicine services integrated with physi-
otherapeutic care on pain, muscle strength, and function in 
patients with chronic LBP. The effect size was calculated 
using t tests (difference between two dependent means). 
A prior analysis of sample size using F-tests (ANOVA: 
Repeated measures, within-between interaction) showed 
that the total sample size required would be 79 to have 
90% power at effect size of 0.37 and alpha level of 0.05. 
Considering a dropout rate of 12%, the total sample size 
obtained was 90, or 45 subjects per group.

Inclusion criteria

Adults over 18 years of age with mechanical LBP persist-
ing for over 12 weeks with or without radicular symp-
toms and undergoing treatment for the same, who were 
prescribed at least some level of daily physical activity 
(including home exercises), along with regular medicines, 
reported consistent pain (at least 5 in the Numerical Rating 
Scale), and with regular use of an Android mobile device 
with internet access and fluency in English (verbal and 
written) were recruited for the study.

Exclusion criteria

Participants with any history of spinal surgery, tumor, 
infection, systemic rheumatological disease, ankylos-
ing spondylitis; evidence of neuromuscular disorders, 
cardiorespiratory illnesses, moderate to severe cognitive 
impairment; active cancer therapy in the past 12 months; 
any major surgery in the last 3 months; non-ambulatory 
(wheelchair bound) or any health conditions limiting 
mobility and preventing active participation in physical 
activities; inability to comply with study requirements per 
investigator’s judgment, were excluded.

Fig. 1  Flow Diagram of Study Design
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Recruitment method

Healthcare providers screened (all) potential participants from 
the outpatient Spine Department of the Indian Spinal Injuries 
Centre, New Delhi, India, and informed them about the study. 
Potential participants interested in participating in the study 
received a Participant Information Sheet and were referred to 
the clinical research team. Patients with CLBP who were pre-
scribed conservative treatment (including medicines, physical 
activity, and home exercises) and met the inclusion criteria 
were invited to participate in the trial, post Physician encoun-
ter. A research assistant then discussed the study purpose, 
methodology, and possible risks of the study, and offered 
participation to those patients. If they agreed to participate, 
written consent was obtained, and baseline data collected.

The study was approved by the Institutional Ethical Com-
mittee, ISIC. All procedures followed were in accordance 
with the institutional ethical standards for human experi-
mentation and with the Helsinki Declaration.

Group allocation

Random allocation to App or Conventional group was done 
after confirming eligibility and baseline assessment. Alloca-
tion was blinded and performed using a computer-generated 
random allocation schedule operated by a remote researcher. 
The allocation of participants was concealed by assigning a 
number to each subject. All identifying information on consent 
forms, along with demographic history, was kept confidential.

Procedures

Potential participants undergoing treatment for CLBP at 
outpatient Spine Department, ISIC, New Delhi, India, were 
screened by their healthcare providers to determine eligibil-
ity, inform about the trial objectives, and invite participation. 
Patients who expressed interest were given a Participant 
Information Sheet to decide if they wanted to participate in 
the study. A clinical researcher was responsible for booking 
potential participants by explaining all study relevant details 
and receive informed consent from patients that agreed to 
participate. A research assistant then proceeded to collect 
demographic and baseline data related to the study out-
comes. Snapcare was given to all participants in the App 
group at baseline with clear instructions for use. Partici-
pants were informed that their access to Snapcare App will 
be deactivated at the end of the study period. A record of 
the provider’s prescription, specific to each participant, was 
obtained and personalized activity goals were generated in 
accordance with the baseline data collected. The app col-
lected daily activity data (distance walked and exercises per-
formed) over a 12-weeks period, and displayed day-to-day 
variation in activity levels. Patients received notifications 

and surveys, triggered based on analysis of physical activity 
data captured through inbuilt sensors and patients’ use of the 
app. This data was automatically synced to a secure server 
where machine learning algorithms analyzed the daily physi-
cal activity data and generated recommendations for next 
day’s session. Most study participants comprised of patients 
visiting from different states and distant locations who relied 
on remote contact with the physician office after initial con-
sultation. Owing to these accessibility constraints, the fol-
low-up data could not be recorded in person. Therefore, at 
the end of 12 weeks, a telephone interview was conducted 
for both groups to assess the treatment outcomes (pain and 
disability). Outcome data was extracted and forwarded for 
analysis to a research assistant who remained blinded to 
group assignment throughout the trial.

Interventions

The App group received Snapcare, along with a regular 
written prescription from the doctor. Through the Snapcare 
App, the patients received daily activity goals (including 
back and aerobic exercises), which were developed based on 
their health status, ADLs, and daily activity progress. Par-
ticipants were also advised to continue with their medicines 
as usual. The app intervention was aimed at motivating, pro-
moting, and guiding the participants to increase their level 
of physical activity and exercise adherence.

Snapcare addressed the following

1. Increase in physical activity: Participants were guided 
in increasing their physical activity level in a way that 
suited their individual lifestyle preferences. The World 
Health Organization (WHO) in its 2010 Global Rec-
ommendations on Physical Activity for Health, rec-
ommends 150 min of moderate-intensity or 75 min of 
vigorous-intensity aerobic physical activity, or an equiv-
alent combination of both throughout the week [61].

  For the App group, daily achievable physical activity 
goals (including home exercises) were set, as against 
a general long-term goal of 4 km daily walk in a sin-
gle stretch and 2 sets daily of 7 back exercises which 
were set for all patients by the advising physician. Goals 
were set in a way that increase in physical activity was 
gradual. Activity goals consisted of aerobic exercises 
(walking/running), and a set of home exercises custom-
ized according to each individual participant’s health, 
nature of LBP, and functional status at baseline. The 
goals were modified and adjusted based on participants’ 
daily physical activity performance and functional pro-
gress. Performance against goals was monitored, and 
intelligent reinforcement provided via auto-generated 
app notifications and reminders prompted by data aber-
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rations. Goal attainment was assessed by comparing the 
records of actual daily physical activity with the target 
set. This information was also available to the patients at 
the end of each session of aerobic and home exercises.

2. Improvement in function: Each day, participants were 
encouraged to try and perform as much of their routine 
activities independently as possible. The aim was to see 
their progress toward normality in terms of performing 
basic tasks such as walking, sitting, standing, and self-
care activities, without pain. The ultimate goal of the 
whole intervention program was to reverse disability or 
at least prevent further disability in patients, by making 
them more active and mobile.

3. Increase in engagement and compliance: Despite the 
numerous benefits of physical activity (including home 
exercises), patients’ physical activity adherence level 
is often suboptimal [62]. The most common factors 
cited for noncompliance include lack of time, and the 
inability to fit physical activity into daily routine. It 
has also been shown that CLBP patients tend to avoid 
activities believed to produce discomfort. To modify 
this behavior, Snapcare used gamification to increase 
engagement as well as compliance with prescribed activ-
ity plan, through a system of rewards for each action 
completed and every milestone achieved. The prescribed 
home exercise plan was broken into Levels and Stages 
(See “Appendix 1”); each Level consisting of 3 Stages. 
Patients could access next Level exercises only when 
they had successfully completed all Stages of the previ-
ous Level. This introduced an aspect of gamification, 

which helped keep patients excited about home exer-
cises. With each action that patients completed, they 
were given reward points. Snapcare’s user interface was 
aesthetically designed in a way that it served to gener-
ate a sense of instant gratification that kept the patients 
engaged (See “Appendix 2”).

Outcomes

Primary outcomes, i.e., pain and disability for both the 
groups were collected at baseline and at the end of 12 weeks, 
using Numeric Pain Rating Scale (NPRS) and Modified 
Oswestry Disability Index (MODI), respectively. The modi-
fied version developed by Fritz and Irrgang [63] comprises 
of a section regarding employment/home-making ability 
substituted for the section related to sex life because the sex 
life item is frequently found to be left blank. MODI com-
prises of 10 items and each item is scored from 0 to 5 where 
higher score represents greater disability. The total score is 
multiplied by two and expressed as a percentage.

In addition, the App group was also assessed for second-
ary outcomes including their daily physical activity (dis-
tance measured through an activity tracker built within the 
app) and progress in symptoms through the CSS (Current 
Symptom Score). The CSS was obtained via administration 
of a self-reported questionnaire, created by a research team 
specifically for this study (Table 1) as the available tools 
were either limited in value, measuring just one aspect of the 
condition (LBA: Roland-Morris Disability Questionnaire, 
Quebec Back Pain Disability Scale; Sleep: Pittsburg Sleep 

Table 1  Current Symptom 
Score (CSS) (Max Score: 25)

S. no. Questions Score range Options Scores

1 On a scale of 0–10, how much was the 
worst pain experienced today?

0–10 No pain to excruciating pain 0–10

2 How was your sleep last night? 0–3 Poor 3
Fair 2
Good 1
Very good 0

3 How was your mood today? 0–3 Poor 3
Fair 2
Good 1
Very good 0

4 How was your physical activity/mobility? 0–3 Nil 3
Fair 2
Active 1
Very active 0

5 Which of these activities did you have dif-
ficulty performing today?

0–6 Sitting 1
Standing 1
Dressing 1
Lifting/carrying 1
Traveling 1
Work 1
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Quality Index; Mood: BDI; Quality of life: SF-36, etc.), or 
were too lengthy and technical to warrant daily engagement. 
Hence, the need to develop a tool which was easy to com-
prehend, took under 2 min to fill, and yet provided relevant 
information about the various aspects of patient’s daily pro-
gress (pain, sleep, mood, mobility, and function). CSS was 
developed and pilot tested on 20 patients to gauge the effect 
of backache on patients’ overall well-being.

Data analyses

The Intension-To-Treat (ITT) principle was used for analy-
ses which included all subjects who were randomized to the 
study and used the app for at least a week. The baseline values 
of the participants lost to follow-up were carried forward to 
replace their missing values at subsequent measurement. Data 
were assessed by Kolmogorov–Smirnov test for the normality 
of the distribution scores. The demographic characteristics 
and the baseline criterion measures were compared between 
the Conventional group and the App group at the study entry 
by an independent t test. A 2 × 2 mixed model ANOVA was 
employed to assess the difference between groups (Conven-
tional, App), time (baseline and post-12 weeks of interven-
tion) and interaction effect (Group X Time). To account for 
the difference in scores between the 2 groups at baseline, 
ANCOVA was used with the pre-values taken as covariates. 
The change in the CSS and activity level in the App group, 
following 12-weeks of app usage, was examined using paired 
t-test. Significance level was set at p < 0.05.

Results

There was no significant difference for the demographic 
characteristics between the groups (Table 2). The App group 
showed slightly greater disability score at baseline.

Pain

A 2 × 2 mixed model ANOVA yielded a main effect for time, 
F (1, 90) = 148.8, p < 0.001. However, the main effect of 
group was non-significant, F (1, 90) = 1.443, p = 0.233 as was 
the interaction effect F (1, 90) = 0.84, p = 0.362, indicating 
that although both groups showed a significant decrease in 
the pain score at 12 weeks, there was no significant difference 
between the Conventional and App groups (Table 3; Fig. 2).

Disability

The MODI scores at baseline were found to be signifi-
cantly different between the groups. Therefore, ANCOVA 
was used with the baseline score set as the covariate. A 
2 × 2 mixed model ANCOVA yielded a main effect for 
time, F (1, 90) = 4.739, p = 0.032 and a significant inter-
action effect F (1, 90) = 9.053, p = 0.003, indicating that 
although both groups recorded a decline in disability 
index, the drop for the App group was significantly greater 
(Table 3; Fig. 3).

Table 2  Comparison of baseline 
characteristics

Variables App group (n = 45) 
Mean (SD)

Conventional group 
(n = 48) Mean (SD)

t-value p value

Age (years) 41.4 (14.2) 41.0 (14.2) 0.136 0.89
Height (cm) 165.2 (9.7) 167.7 (8.4) 1.303 0.196
Weight (kg) 63.4 (12.5) 66.2 (11.5) 1.121 0.265
BMI (kg/m2) 23.15 (4.2) 23.54 (3.8) 0.465 0.643
Duration (months) 22.8 (22) 28 (25.5) 1.07 0.29
NPRS 7.3 (1.9) 6.6 (2.1) 1.6 0.11
MODI 52.13 (14.4) 41.4 (18.8) 3.108 0.003*

Table 3  Summary of Mixed 
Model ANOVA

Variable App group Mean (SD) Conventional 
Group mean 
(SD)

Source df F p value Partial eta 
squared

NPRS
 Baseline 7.3 (1.9) 6.6 (2.1) Time (T) 1 148.8 < 0.001* 0.621
 12 weeks 3.3 (1.7) 3.2 (2.7) Group (G) 1 1.44 0.233 0.016

G X T 1 0.84 0.362 0.009
MODI
 Baseline 52.1 (14.4) 41.4 (18.8) Time (T) 1 4.739 0.032* 0.05
 12 weeks 20.2 (17.8) 29.9 (20.1) T X Mpre 1 38.74 < 0.001* 0.301

G X T 1 9.053 0.003* 0.091
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Symptom score and physical activity

The paired t-test was used to assess the change in symptom 
scores and activity levels in the App group, from baseline 
to 12-weeks of app usage. The results indicated a significant 
drop in the CSS with an improvement in each of its com-
ponents (p < 0.05). The improved general mobility was also 
reflected in the daily distance walked by the patients which 
gradually approached the physician’s recommended target, 
i.e., 4 km/day (Table 4). Table 5 elucidates the frequency 
distribution of respondents for CSS subscales.  

Discussion

CLBP is one of the primary reasons for work loss, health-
care use, and disability benefits, and is known to have a 
profound impact on a patient’s life by causing disability 
and reducing their functional capacities [10–12, 64]. Fur-
ther, even though physical activity and exercise therapy 
are an integral part of musculoskeletal rehabilitation in 

LBP, adherence to home exercises and engaging in routine 
physical activity remains a problem for patients [62]. Since 
mobile devices are personal and constantly accessible to 
patients, the use of mHealth, specifically smartphone appli-
cations, is considered a potentially useful way for patients 
to monitor their condition, as it enhances patients’ ability 
and their willingness to engage in self-management, thus 
improving treatment compliance [65].The purpose of the 
present study was to reduce disability in CLBP patients, 
by offering them structured daily activity goals aimed at 
gradually increasing their functional capacity.

The present study is the first to examine the impact of 
mHealth interventions on treatment outcomes in CLBP 
patients. Our results were consistent with similar inves-
tigations that examined the impact of mHealth in other 
chronic conditions and showed a positive impact on con-
dition related outcomes [66–70]. The study used pain 
intensity and disability as the treatment outcomes and 
follow-up data clearly revealed marked improvement in 
both the indices after 12 weeks of treatment. Moreover, the 
App group demonstrated a significant decline in disability 
index, when compared to conventional prescription.

Fig. 2  Pain Intensity was measured for both groups using Numeric 
Pain Rating Scale (NPRS) at baseline and following 12 weeks

Fig. 3  Functional disability was measured for both groups using 
Modified Oswestry Disability Index (MODI) at baseline and follow-
ing 12  weeks. *Covariates evaluated at baseline MODI = 46.58, to 
adjust for the differences in baseline values

Table 4  Current Symptom Score (CSS) (Max Score: 25)

Variable Baseline (n = 45)
Mean (SD)

12 weeks (n = 45)
Mean (SD)

t-value p value

CSS 18.96 (3.5) 9.93 (3.5) 14.73 < 0.001*
Pain 7.02 (2.09) 3.27 (2.33) 12.19 < 0.001*
Sleep 2.09 (0.76) 1.04 (0.67) 7.36 < 0.001*
Mood 2.11 (0.71) 1.22 (0.85) 6.74 < 0.001*
Mobility 2.58 (0.62) 1.27 (0.72) 9.77 < 0.001*
ADL 4.82 (1.35) 3.02 (1.81) 7.05 < 0.001*
Distance 

walked 
(km)

1.16 (1.5) 3.04 (1.26) 12.35 < 0.001*

Table 5  Frequency distribution of respondents for CSS subscales

The italic values denote percentage of participants who reported the 
mentioned variable (n*100/total)

Baseline n (%) 12 weeks n (%)

Sleep (poor) 15 (33.3) 2 (4.4)
Mood (poor) 14 (31.1) 4 (8.9)
Mobility (nil) 29 (64.4) 2 (4.4)
ADLs affected
 Sitting 41 (91.1) 24 (53.3)
 Standing 39 (86.7) 21 (46.7)
 Dressing 27 (60) 13 (28.9)
 Lifting 42 (93.3) 36 (80)
 Traveling 33 (73.3) 18 (40)
 Working 35 (77.8) 24 (53.3)
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To date, a number of studies have examined the efficacy 
of mHealth interventions in improving clinical outcomes in 
several chronic diseases. A systematic review [66] investi-
gated the impact of mHealth for chronic disease manage-
ment on treatment adherence and patient outcomes. Of the 
27 studies that measured impact on treatment adherence, 
15 studies reported significant improvements, while 16 of 
the 41 RCTs that measured disease-specific clinical out-
comes, found differences between groups on account of 
mHealth intervention. However, most of these studies focus 
on chronic conditions such as chronic obstructive pulmo-
nary disease (COPD), diabetes, and asthma. Beratarrechea 
et al., [67] reviewed 163 articles, including 9 randomized 
controlled trials, to study the impact of mHealth interven-
tions on chronic disease outcomes and found that four (2 
diabetes, 1 heart disease, and 1 asthma) out of five trials 
reported that mobile interventions improved outcomes—
improved glycemic control was reported in diabetic patients; 
a study of usual heart failure showed improvement in symp-
toms, physical impairment, functional capacity, and quality 
of life; while improved asthma control was reported owing 
to transmission of daily spirometry readings and feedback 
from physician. Williams et al., [68] showed that telehealth 
interventions supported self-monitoring behavior in COPD 
patients. Kirwan et al. [69] examined the efficacy of a dia-
betes smartphone application in improving glycemic control 
and other diabetes-related outcomes and reported signifi-
cant improvements in HbA1c levels from baseline. A recent 
review [70] of 12 RCTs revealed that use of app-based inter-
ventions that support diabetes self-support, yields a clini-
cally significant HbA1c reduction among adult population 
with diabetes, especially type 2 diabetes.

Interventions for CLBP at present focus on activity and 
level of functioning, with particular focus on limitations and 
restrictions in the performance of ADLs [11]. Although func-
tion can be assessed using various instruments, self-reported 
outcomes reveal patient’s own perception of limitations [71], 
and so these patient-based outcome measures are gaining 
importance as indicators of physical function [13, 71]. The 
modified version of ODI used in the present study has demon-
strated excellent reliability (ICC = 0.84–0.92) and validity in 
previous psychometric analyses [63, 72]. While the normative 
score for ODI is estimated to be 8.73 [73], a normative value 
for MODI has not been reported. Also, Tonosu et al. [73] 
observed that ODI of the LBP group with and without dis-
ability were 22.07 and 11.88, respectively. Using ROC curve, 
they estimated the optimal cut-off to be 12 points. For MODI, 
Hicks and Manal [74] observed the scores of patients with and 
without high functional limitation in chronic LBP to be 41.7 
and 24.2 points, respectively. In accordance with the findings 
of Hicks and Manal, both the groups demonstrated restricted 
function at baseline. After 12 weeks, the disability scores as 
assessed by MODI, were found to be significantly reduced 

in both the groups, with a difference of 12 points recorded in 
the conventional group and 30 points in the app group. How-
ever, the presence of statistical significance does not attest to 
the clinical importance of the change. Therefore, it becomes 
imperative to consider the minimal clinically important dif-
ference (MCID) which is defined as the smallest change that 
best distinguishes the patients who have improved and those 
remaining stable. Knowledge of the MCID enables clini-
cians to determine whether the patient has actually improved 
an amount that is likely to be perceived as important to the 
patient. The MCID reported for MODI by previous studies 
range from 10.66 to 15 points [63, 72, 74]. The present study 
recorded a difference of 30 points in MODI scores post-inter-
vention deeming this change clinically significant.

It has further been asserted [75] that sedentary individuals 
should gradually move to continuous bouts of activity, begin-
ning only with shorter bouts of activity. In addition, ACSM/
AHA currently recommend [76] a minimum of 30  min 
moderate-intensity aerobic activity on 5 days each week or 
a minimum of 20 min vigorous-intensity activity 3 days per 
week, which can be accumulated in sessions of 10 min or 
more. In line with these guidelines, patients who were found 
to be deconditioned to physical activity were started off with 
10 min of activity (walking), which was gradually increased 
depending on patients’ comfort and adaptation. Further, the 
results of other trials and reviews [77, 78] suggest that pro-
viding incremental real-time feedback during progress toward 
a goal, along with the use of activity monitors, helps patients 
adjust their behavior in time to make better progress, and thus 
may be more helpful compared to traditional feedback. Use 
of such activity monitors has been shown to improve level 
of physical activity, thus enhancing improvement in function 
and decrease in pain in CLBP patients [79]. In the present 
study, not only were physical activity goals set based on indi-
vidual’s health and daily progress in function, but real-time 
feedback was also provided through graphs and CSS scores 
(See “Appendix 3”); in-app activity monitors were also used 
to keep patients motivated to improve physical function and 
to enable them to adapt to improved levels of physical activ-
ity faster (See “Appendix 4”).

The finding that increased physical activity is associated 
with improvement in functional capacity is consistent with 
other studies. Durstine et al., [80] suggested that physical 
activity improves physical functioning and psychological 
well-being compromised in people due to poor health, and 
that people with chronic diseases and disabilities can derive 
similar benefits from increase in physical activity. This 
claim was corroborated by results from clinical trials [81, 
82] among older persons, which demonstrated that exercise 
programs improve aerobic capacity, walking speed, mus-
cle strength, and self-reported functional scores. In 2003, 
Keysor [82] reviewed the existing scientific evidence on 
the impact of late-life physical activity and exercise on 
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functional limitations and disability, and concluded that 
physical exercise, especially walking, increases muscle 
strength and aerobic capacity and reduces functional limita-
tions. Another review of literature undertaken in 2009 [75], 
provided evidence that not only did aerobic exercises have 
a positive effect on endurance, which transferred to daily 
activities such as walking, stair-climbing, and sit-to-stand, 
but also resulted in moderate improvements in disability, 
overall physical function, and pain. This deduction was fur-
ther substantiated by Gretebeck et al. [83] and Pahor et al. 
[84] who established that among those with existing dis-
ability, physical activity and exercise programs increased 
functional ability, and are effective in reducing disability 
even among vulnerable older people suffering functional 
decline in late life. The increase in physical activity of CLBP 
patients, brought on by Snapcare, not only improved daily 
functioning (ADLs as reported via CSS questionnaire), but 
also produced significant decline in their existing disabil-
ity. The results of the current study indicated a significant 
improvement in patients’ daily reported symptoms (CSS) 
with a drop in each of its components. The percentage of 
respondents that reported poor sleep reduced from 33 to 4%, 
those reporting poor mood decreased from 31 to 9%, and 
restricted physical activity was reported by only 4% respond-
ents after 12 weeks as opposed to 64% at baseline. Among 
the ADLs, lifting, sitting, and prolonged standing were found 
to be the most frequently restricted. While an improvement 
in overall function was observed, lifting was reported to be 
difficult by a large number of responders (80%) even after 
12 weeks of intervention. Premises already laid down by 
various researchers explain this effect of increase in physical 
activity on ADLs and disability index in patients with CLBP.

The increase in physical activity levels of the App group 
can be attributed to the many unique features offered by 
Snapcare. The application and the intervention strategy were 
designed keeping in mind the limitations of other health-
care applications as well as suggestions for better results, 
outlined in various researches. Anderson et al., [85] inves-
tigated consumers’ use of apps for health monitoring and 
perceived benefits, and based on their exhaustive analysis, 
provided suggestions for improvement of healthcare apps. 
Their research indicated that persistence with self-monitor-
ing is quite poor in patients suffering from chronic condi-
tions, and self-management through an application depends 
upon constant stimulation which can be achieved via use 
of gamification and rewards for achieved milestones [86]. 
These suggestions were taken into account and function-
alities like gamification and reward points were seamlessly 
integrated into the intervention process (See “Appendix 2”). 
This engaging design and interface helped build up engage-
ment, sustained usage, and ultimately compliance.

Moreover, Snapcare emphasized dissemination of individ-
ualized activity goals. As suggested by Durstine et al., [80] 

although principles for exercise prescription for people with 
disability are scientific information based, expected adapta-
tions observed in a general population may not apply to other 
populations. Generalized goals do not carry equal weight 
when it comes to outcome improvement, since patient inter-
ests, health needs, clinical status, and level of disability are 
subjective; so while guidelines can be used as starting points, 
particular exercise mode, intensity, frequency, and duration 
should be modified keeping in mind this subjectivity.

Limitations

The present study had some limitations. Daily activity and 
functional progress data was collected through the Snap-
care App, and so this data was available only for the App 
group, since without the application there was no way of 
collecting the same for the Conventional group. In addi-
tion, owing to accessibility constraints, the follow-up data 
for both groups was collected through telephonic interview 
and this difference in mode of administration of question-
naire at baseline and post-intervention may be a confounder. 
There is a chance that factors other than increase in physi-
cal activity affected the disability index of the participants. 
One factor could be adherence to prescribed treatment, in 
terms of medicine intake and consistency with prescribed 
physical activity (including home exercises), which was not 
measured in the present study. Further, since all primary out-
come data was self-reported, a response bias could have led 
participants to overestimate or underestimate the severity of 
their condition. Future investigations must utilize larger sam-
ple population, longer intervention duration, and tracking of 
progress in both groups, to substantiate the impact of Smart-
phone application-based interventions in reducing disability 
in CLBP patients. Moreover, there is a dearth of economic 
evidence for m-health solutions, which is primarily limited 
by disparate estimation methods, lack of RCTs and long-term 
evaluation studies, small sample sizes, and absence of quality 
data and appropriate measures. Future studies must explicitly 
explore the most crucial determinant of m-health services, 
i.e., cost-effectiveness, including costs when using the app, 
frequency of visits to different care-givers, sick leaves, etc.

Conclusion

This study speaks in favor of the efficacy of a smartphone 
application (called Snapcare) in increasing physical activ-
ity and function of patients with CLBP, thereby reducing 
their disability index. Snapcare interface met the require-
ments set for an engaging healthcare app, and patients who 
used the application found that reaching their daily physical 
activity goals was stimulating and rewarding. Our findings 
suggest that a combination of engaging interface, along 
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with an individualized approach to goal-setting, is likely 
to be the most effective strategy for maximizing physical 
activity level and compliance to home exercise programs.
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