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Abstract 

Objective:  The objective of this randomized controlled trial (RCT) was to investigate the effectiveness of the lower 
limb rehabilitation protocol (LLRP) combined with mobile health (mHealth) applications on knee pain, mobility, func-
tional activity and activities of daily living (ADL) among knee osteoarthritis (OA) patients who were overweight and 
obese.

Methods:  This study was a single-blind, RCT conducted at Teaching Bay of Rehmatul-Lil-Alameen Post Graduate 
Institute of Cardiology between February and November 2020. 114 knee OA patients who were overweight and 
obese were randomly divided by a computer-generated number into the rehabilitation group with mHealth (RGw-
mHealth) to receive LLRP + instructions of daily care (IDC) combined with mHealth intervention, rehabilitation group 
without mHealth (RGwo-mHealth) to receive LLRP + IDC intervention and control group (CG) to receive IDC interven-
tion. All three groups were also provided leaflets explaining about their intervention. The primary outcome measure 
was knee pain measured by the Western Ontario and McMaster Universities Osteoarthritis Index score. The secondary 
outcome measures were mobility measured by the Timed up and go (TUG) test, functional activity measured by the 
patient-specific functional scale (PSFS), and ADL measured by the Katz Index of independence in ADL scores.

Results:  Among the 114 patients who were randomized (mean age, 53 years), 96 (84%) completed the trial. After 
3-months of intervention, patients in all three groups had statistically significant knee pain reduction (RGw-mHealth: 
2.54; RGwo-mHealth: 1.47; and CG: 0.37) within groups (P < 0.05). Furthermore, patients in the RGw-mHealth and 
RGwo-mHealth had statistically significant improvement in mobility, functional activity, and ADL within groups 
(P < 0.05), but no improvement was noted in the CG (p > 0.05). As indicated in the overall analysis of covariance, there 
were statistically significant differences in the mean knee pain, mobility, functional activity, and ADL changes between 
groups after 3-months (p < 0.001). The pairwise between-group comparisons (Bonferroni post hoc analysis) of the 
knee pain, mobility, functional activity, and ADL scores at 3-months revealed that patients in the RGw-mHealth had 
significantly higher mean change in the knee pain, TUG test, functional activity, and ADL scores compared to patients 
in the RGwo-mHealth or CG.

Conclusion:  Reduction in knee pain, improvement in mobility, functional activity, and ADL were more among 
patients in the RGw-mHealth compared with the RGwo-mHealth or CG.
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Introduction
Osteoarthritis (OA) causes a considerable burden in 
the quality of life and medical treatment of patients [1]. 
In OA, the knee is the most commonly affected weight-
bearing joint with the cardinal symptoms of pain and loss 
of function [2, 3]. In 2015, knee OA was the most fre-
quent type of OA diagnosed and ranked the thirteenth 
leading cause of disability globally [4]. Knee OA is a joint 
destruction and active disease process driven by proin-
flammatory and biomechanical factors [5]. Knee OA is 
the most frequent cause of mobility dependency [6] and 
is highly prevalent in overweight and obese individuals 
[7].

Patients with knee OA possess 20–40% weaker relative 
strength of the quadriceps muscles compared to control 
subjects [8, 9]. The weakness of the quadriceps muscles 
precedes the onset of knee OA and therefore it could 
increase the risk of disease development, particularly in 
women [10]. The Ottawa Panel found evidence to sup-
port the use of therapeutic exercises, especially strength-
ening exercises and general physical activity, combined 
with manual therapy or separately for the improvement 
of pain and functional characteristics in OA patients 
[11]. The American College of Rheumatology Founda-
tion reported a guideline in which physical activity is 
recommended as a core component of knee OA man-
agement [12]. There are different trials of exercise and 
physical activity-based interventions for the treatment 
of knee OA. These interventions reported improvement 
in knee pain, function, and other outcomes among knee 
OA patients [13]. A current systematic review on non-
pharmacological interventions for treating symptoms 
of knee OA in overweight or obese patients concluded 
that strengthening exercise played a vital role in relieving 
knee pain and improving function [14]. Non-pharmaco-
logical interventions, primarily strengthening exercise 
and more recently strengthening exercises of the lower 
limb rehabilitation protocol (LLRP) in non-weight-bear-
ing positions, are recommended as the first line of treat-
ment among overweight or obese knee OA patients [15].

A current systematic review found that mobile health 
application (mHealth app) users were more satisfied 
to manage their health than those of conventional care. 
The mHealth app users have reported a positive impact 
on health outcomes and health-related behaviors [16]. 
Smart phone’s mHealth apps have the potential to 
play an important role in supporting personal health 

management [17] and to increase access to healthcare 
services [18]. A study reported that consistent contact 
via phone can improve the clinical status of knee OA 
patients [19]. Effectiveness of rehabilitation combined 
with mHealth may provide more objective data than the 
standard rehabilitation approaches we are using today to 
treat overweight and obese knee OA patients. However, 
there is a gap in knowledge and a dearth of information 
regarding whether mHealth can improve the effects of 
LLRP among overweight and obese knee OA patients. 
Hence, the current randomized controlled trial (RCT) 
investigated the effects of LLRP combined with mHealth 
on knee pain, mobility, functional activity, and activities 
of daily living (ADL) among overweight and obese knee 
OA patients. The novelty of the current study could have 
been mediated by two factors, firstly it was provided 
as WhatsApp messages and secondly the researchers 
designed a LLRP to treat overweight and obese knee OA 
patients. The training sessions of LLRP are the strength-
ening exercises of the major muscle groups of the lower 
limbs in non-weight-bearing positions to reduce the 
mechanical load on the knee.

Methods
Study design and setting
The current study was a single-blind RCT of 3-month 
duration involving patients with knee OA who were over-
weight and obese. The study was conducted in the Teach-
ing Bay of Rehmatul-Lil-Alameen Postgraduate Institute 
of Cardiology (RAIC), Punjab Employees Social Security 
Institution (PESSI) between February and November 
2020. The study was approved by the Ethical Commit-
tee of RAIC PESSI with approval number RAIC PESSI/
Estt/2020/33 and the trial was registered in the National 
Medical Research Registry, Malaysia, with ID NMRR-20-
1094-52911. Pre-defined questionnaire of inclusion and 
exclusion criteria was used for screening of the patients. 
Written informed consent was obtained from all patients 
before participation in the study.

Sample size
Sample size estimation was performed using the G* 
Power 3.1.3 software. By assuming the medium effect 
size f = 0.70, setting α = 0.05, power (1 − B) = 0.90, the 
total sample size estimated was 84 patients for the three 
groups. After considering 30% of drop-out or research 

Trial registration National Medical Research Registry: NMRR-20-1094-52911. Date of registration: 05–05-2020. URL: 
https://​www.​nmrr.​gov.​my.
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mortality, the sample size of 114 patients for the three 
groups was decided (n = 38 per group).

Study patients’ recruitment and selection
The inclusion criteria of the patients were as follows: both 
males and females, age between 45 and 60  years, over-
weight and obese, diagnosed with 2-mild or 3-moderate 
OA according to Kellgren and Lawrence radiographic 
[20] on one or both knees by an orthopaedic surgeon, 
symptoms of knee OA for more than 3-months, familiar 
with WhatsApp applications and residing in the Urban 
community of Lahore, Pakistan. Exclusion criteria were 
one or more of the following: diagnosed with flat foot or 
spinal deformities; history of cardiac or hormonal prob-
lems; previous surgery of the knee/s; corticosteroid injec-
tion of the knee/s for the last 6-months. Eligibility was 
determined using a predefined questionnaire of inclusion 
and exclusion criteria.

Patients were recruited using convenience sampling 
by active recruitment strategies through urban political 
and welfare organizations. The list of patients with knee 
OA in the studied area was obtained from the Welfare 

Organization upon explaining on the potential benefits 
of study participation. Two study coordinators prepared 
the list of potential patients in the recruitment area. After 
obtaining the list of potential patients, the researcher 
arranged a meeting with the potential patients through 
phone call. The meeting was held at the teaching bay 
of RAIC, PESSI, Lahore, Pakistan, in the presence of a 
medical specialist. Patients were screened for eligibil-
ity to participate in the study. Only patients fulfilling the 
inclusion and exclusion criteria of the study were invited 
to participate in this study. The experimental proce-
dures, risks, and benefits associated with the study were 
explained (verbally and through participants’ information 
sheets) to all patients prior to providing written informed 
consent.

Randomization
After completing the screening, the selected patients 
were randomized into three groups; Rehabilitation Group 
with mHealth (RGw-mHealth), Rehabilitation Group 
without mHealth (RGwo-mHealth) and the Control 
Group (CG) (Fig.  1), using a simple random technique 

Fig. 1  Study flow diagram: RGw-mHealth = Rehabilitation group with mobile health; RGwo-mHealth = Rehabilitation group without mobile health; 
CG = Control group; LLRP = Lower limb rehabilitation protocol; IDC = Instructions of daily care; LLRP + IDC-mHealth = Lower limb rehabilitation 
protocol plus instructions of daily care combined with mobile health
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(computer generated number). Each group consisted of 
38 patients. All patients were also given a diary and asked 
to record the attendance of completion their interven-
tions based on leaflets.

Blinding and allocation
The coordinators collecting data were independent indi-
viduals from the trials and were unaware of the group 
allocation. There were different coordinators at the base-
line and post-test evaluation. Individuals performing 
the statistical analysis were kept blinded by labelling the 
groups with nonidentifying terms (such as X and Y).

Research procedures
Rehabilitation group with mHealth (RGw‑mHealth)
Patients in the RGw-mHealth were prescribed with 
LLRP + IDC combined with mHealth (LLRP + IDC-
mHealth) intervention. The LLRP focused on strengthen-
ing exercises for the lower limbs in non-weight bearing 
sitting or lying positions (Additional file  1) to reduce 
mechanical pressure on the knee. In the current study, 
the researcher with the help of several experts in the field 
of rehabilitation, designed a LLRP (Additional file  1) to 
be used in the RCT. The LLRP is designed to be a pro-
gressive exercise program that begins as a low intensity 
which gradually increases (frequency, intensity, and dura-
tion) to high intensity to ensure that patients could cope 
with the intervention.

The sequence of the training program started with ten 
minutes’ warm-up with whole body range of motion 
(ROM) and dynamic stretching exercises. Patients per-
formed ten repetitions of ROM of each muscle group and 
5 repetitions of dynamic stretching of each muscle group 
as a part of warm-up. A study demonstrated that dynamic 
stretching is recommended for warm-up to avoid a 
decrease in strength and performance [21]. When static 
stretching is used as part of a warm-up immediately prior 

to exercise, then it causes harm to muscle strength [22]. 
After warm-up, the patients performed the strengthen-
ing exercises of the lower limbs for 3-months (Additional 
file 1).

Patients were advised to follow the IDC, which 
included advice on general guidelines of mobility and 
healthy eating (Table  1). The IDC was translated into 
Urdu language by two language experts to ensure bet-
ter patients’ understanding based on a recent pilot study 
[15]. After completing the strengthening exercises, the 
patients performed ten minutes cool-down with whole 
body ROM and static stretching exercises. Patients per-
formed ten repetitions of ROM of each muscle group and 
3 repetitions of static stretching of each muscle group as 
a part of cool-down. A study explained that after two to 
four repetitions of static stretching, there is no increase 
in muscle elongation [23].

Additionally, patients in the RGw-mHealth group 
receive regular reminders to carry out of the LLRP 
through mHealth in the form of WhatsApp messages. 
Two text messages per day for three days a week for a 
period of 3-months were sent to patients in the RGw-
mHealth throughout the study period. Patients in the 
RGw-mHealth received a total 72 text messages. The text 
messages were sent between 7:00 to 9:00 a.m. and 5:00 
to 7:00 p.m. during the days of Wednesday, Friday, and 
Sunday. A study reported that sending text messages in 
the morning was to ensure that the patients have enough 
time to plan and do exercise during the day [24]. In addi-
tion, every patient was actively followed by phone at least 
once a week to ensure that they read the messages and 
performed the intervention.

Rehabilitation group without mobile health (RGwo‑mHealth)
Patients in RGwo-mHealth received LLRP + IDC inter-
vention, but did not receive any reminders to carry out 
the LLRP exercises. Patients in the RGwo-mHealth were 

Table 1  Instruction of daily care (IDC)

IDC, instructions of daily care

Activity name IDC

Sitting When there is option of sitting than standing, then prefer to sitting. Prefer your sitting on high stool or chair rather than low level

Standing from sitting When you are standing from sitting position, and then initially sit at the edge of bed, chair or stool with the feet on the ground 
at the level of hips. Use the hands to push up from the bed, chair or stool

Walking Do not walk, jog or run as an exercise plan. Walking stick can be used on the opposite hand of the affected knee OA. If both 
knees are affected, then walker can be used. Use of knee brace and jogging shoes with well cushioned soles during walking is 
highly recommended

Stair climbing Avoid stair climbing. But if there is need of stair climbing then support the side rails with your hands by placing the affected foot 
first on a stair step then the unaffected foot on the same step

Working Prefer working on a high stool or chair

Body weight Try to reduce your weight by avoiding taking of sugary foods, drinks and high fat foods. Eat mostly plant-based foods. Add 
omega-3 fatty acids in your daily diet
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trained on how to perform the LLRP 3-times a week and 
to adhere to the IDC for 3-months at home. Each training 
session started with ten minutes of warm-up, forty-five 
to sixty minutes of strengthening exercises for the lower 
limbs, and ten minutes of cool down at the end of the 
training protocol (Additional file 1).

Control group (CG)
Patients in the CG were only advised to follow the IDC 
intervention for the duration of 3-months (Table 1). No 
reminders through mHealth application (WhatsApp) 
were sent to patients in the CG. The feasibility and 
acceptability of the IDC among knee OA participants 
have been proved effective in a recent RCT  [25].

Measurements and procedures
All patients were assessed at enrolment (baseline) and 
again at 3-months follow-up. Patients’ assessment 
includes demographics, exercise adherence, primary 
and secondary outcome measures of interest. Patients 
demographic information gathered including age, gen-
der, educational status, and marital status were recorded. 
The assessment of the patients’ self-reported exercise 
adherence was collected after 3-months of intervention. 
A self-reported exercise adherence was measured using 
a numerical rating scale (NRS) ranging from zero = never 
performed intervention  to 10 = always performed inter-
vention. NRS have also been widely used in other trials 
[26, 27]. Outcome measures gathered were categorized 
into primary and secondary outcome measures.

Primary outcome measure
Primary outcome measure was knee pain symptoms 
assessed using the Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) that was 
already adapted and validated. The WOMAC score 
ranges from 0 to 4 on a Likert-type scale. The researcher 
used the section on pain of the WOMAC question-
naire. There were five items of WOMAC questionnaire 
for assessing knee pain. The total scores for the 5 items 
range from 0 to 20: the higher the score, the worse the 
pain [28].

Secondary outcome measures
The secondary outcome measures were mobility, func-
tional activity, and ADL. Patients’ mobility was assessed 
using the Timed Up and Go (TUG) test as described 
by Podsiadlo and Richardson  [29]. The patients were 
observed and timed while they rose from an armchair, 
walked three meters, turned, walked back, and sat down 
again. Assessment was performed in accord with the 
technique as described in the literature [29].

The Patient-Specific Functional Scale (PSFS) was used 
for the measurement of functional activity. This is a valid 
and reliable tool that allows patients to report on their 
function at baseline and follow-up [30]. The patients were 
asked to identify up to three difficult activities to perform 
at enrolment. The patients were then asked to rate each 
of their identified activities on a numerical scale rang-
ing from 0 = ‘unable to perform an activity’ to 10 = ‘able 
to perform activities. After 12  weeks of intervention, 
the patients were again asked to rate their same difficult 
activities they had identified at baseline. The mean of the 
scores was used for the analysis of the nominated activi-
ties, with higher scores reflecting greater function.

The Katz Index of Independence in ADL was used to 
assess patients’ ADL. In Katz ADL, six functions were 
assessed such as feeding, continence, toileting, dress-
ing one self, bathing, and transferring. Each activity has 
a potential of either zero or one point. One point was 
used as independence with subheadings, no supervision, 
direction, or personal assistance. A score of zero is given 
to indicate that a participant is dependence on subhead-
ings, supervision, direction, personal assistant, or total 
care in their daily activities. The overall score ranges from 
zero (patient very dependent) to six (patient fully inde-
pendent) [31]. In Katz ADL, a total score of 2 or less indi-
cates severe functional impairment, 4 indicates moderate 
impairment, and a score of 6 indicates full functional 
independence in ADL [32].

Statistical analysis
The Statistical Package for Social Sciences, version 22, 
Chicago, IL, was used to analyze the data. Continuous 
variables were presented as mean (standard deviation 
[SD]) based on data distribution. The Shapiro–Wilk test 
was used to assess the normality of all variables. Cat-
egorical variables were presented as frequencies (n) and 
percentages (%). For categorical demographic variables, 
the One-Way Analysis of Variance (ANOVA) was used 
to compare for differences between variables. Since all 
data was normally distributed; the Paired Samples t-test 
was used to analyze differences between the baseline and 
3-months measurements within the groups.

The overall treatment effects on change in clinical 
outcome measures were estimated using the One Way 
ANOVA (unadjusted results) and Analyses of Covari-
ance (ANCOVA, adjusted results) for mean changes 
(95% confidence interval [CI]) from baseline in the con-
tinuous outcome data. ANCOVA should be the preferred 
method for the analysis of pretest–posttest data. The 
use of ANCOVA in a randomized design is to reduce 
error variance, because the random assignment of sub-
jects to groups guards against systematic bias [33]. The 
ANCOVA model included the changes as the dependent 



Page 6 of 12Rafiq et al. Adv Rheumatol           (2021) 61:63 

variable, with group as a main effect and the baseline 
scores as an additional covariate. The purpose of using 
the pretest (baseline) scores as a covariate in ANCOVA 
with a pretest–posttest design is to reduce the error vari-
ance and eliminate systematic bias [33]. The pairwise 
comparisons between groups were estimated using Bon-
ferroni post hoc analysis. The value of P < 0.05 was con-
sidered statistically significant.

Results
There were 114 patients with knee OA enrolled in 
the 3-months trial. Patients were randomized into 
LLRP + IDC-mHealth intervention (n = 38), LLRP + IDC 
intervention (n = 38), and IDC intervention (n = 38). The 
retention rate in all groups was 84%. The safety coordi-
nator determined that two serious adverse events were 
unrelated to the study. Both patients were in the RGw-
mHealth, one patient had appendix surgery, and the 
other underwent gallbladder surgery. Patients in the 
CG had one nonserious adverse event of muscle spasm 
related to the study.

Figure  1 demonstrates the study flow chart. A total 
of 18 patients (6 LLRP + IDC-mHealth intervention, 
6 LLRP + IDC intervention, and 6 IDC intervention) 
did not complete the study, resulting in 96 patients (32 
LLRP + IDC-mHealth intervention, 32 LLRP + IDC 

intervention and 32 IDC intervention) included in the 
analysis of WOMAC pain for knee pain, TUG test for 
mobility, Katz Index of Independence for ADL and PSFS 
for functional activity scores. Figure 1 demonstrates the 
study flow chart including reasons given by patients who 
did not complete the study.

The patients’ baseline demographics and clinical out-
come measures are described in Table  2. No significant 
differences were observed in the baseline demographic 
characteristics between the three groups. No statisti-
cally significant difference in the Katz Index of Inde-
pendence for ADL and the PSFS for functional activity 
scores between the groups. A significant difference in the 
WOMAC pain and TUG scores was observed at base-
line. No significant differences were observed between 
patients who completed and those who withdrew on 
baseline demographic and clinical outcome measures 
(Table 3). Mean and 95% CI of WOMAC pain, TUG test, 
Katz ADL and PSFS scores at baseline and 3-month fol-
low-up across the three groups are shown in Fig. 2.

After participation in 3-months of intervention, a sta-
tistically significant improvement compared to baseline 
was observed for knee pain, mobility, functional activ-
ity, and ADL scores (p < 0.05) in the RGw-mHealth, and 
RGwo-mHealth. In the CG, knee pain score was also sig-
nificantly improved (p < 0.05) (Table 4).

Table 2  Baseline demographic and clinical outcome measures of patients

RGw-mHealth, rehabilitation group with mobile health; RGwo-mHealth, rehabilitation group without mobile health; CG, control group; WOMAC, Western Ontario and 
McMaster Universities Osteoarthritis Index; BMI, body mass index; SD, standard deviation; TUG, timed up and go; ADL, activities of daily living; PSFS, patient specific 
functional scale; n, number

Demographic and clinical outcome measures Overall (N = 114) RGwo-mHealth 
(n = 38)

RGw-mHealth (n = 38) CG (n = 38) P

Age, mean (SD), y 52.92 (4.58) 51.73 (4.93) 53.97 (4.36) 52.94 (4.58) 0.114

Gender (M/F) 50/64 17/21 17/21 16/22 0.966

Educational status, No. (%)

 Matriculation 25 (21.90) 11 (9.60) 12 (10.50) 2 (1.80) 0.071

 Intermediate 47 (41.20) 16 (14.00) 12 (10.50) 19 (16.70)

 Bachelor 24 (21.10) 6 (5.30) 9 (7.90) 9 (7.90)

 Master 18 (15.80) 5 (4.40) 5 (4.40) 8 (7.00)

Marital status, No. (%)

 Single 7 (6.1) 4 (3.5) 3 (2.6) 0 (0) 0.633

 Married 99 (86.8) 31 (27.2) 32 (28.1) 36 (31.6)

 Divorced 8 (7.0) 3 (2.6) 3 (2.6) 2 (1.8)

Kellgren and Lawrence grade, No. (%)

 2 grade 69 (60.5) 25 (65.8) 20 (52.6) 24 (63.2) 0.470

 3 grade 45 (39.5) 13 (34.2) 18 (47.4) 14 (36.8)

BMI (kg/m2) 32.17 (4.21) 31.98 (3.61) 33.06 (4.36) 32.02 (4.65) 0.138

WOMAC Pain score (0–20), mean (SD) 9.66 (2.54) 9.10 (2.32) 10.63 (2.46) 9.26 (2.62) 0.015

TUG score (seconds), mean (SD) 11.36 (2.81) 10.48 (2.08) 12.73 (3.47) 10.87 (2.17) 0.001

Katz ADL score (0–6), mean (SD) 4.12 (1.07) 4.26 (0.97) 3.89 (1.42) 4.21 (0.66) 0.272

PSFS (0–10), mean (SD) 4.57 (1.19) 4.61 (0.87) 4.68 (1.24) 4.42 (1.41) 0.613
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The mean changes in knee pain scores at 3-months 
from baseline were 2.54 (95% CI 1.99, 3.09), 1.47 (95% CI 
0.93, 2.01) and 0.37 (95% CI − 0.16, 0.90) for patients in 
the RGw-mHealth, RGwo-mHealth and CG, respectively 
(Table  5). The pairwise between-group comparisons of 
WOMAC Pain score at 3-months revealed that patients 
in the RGw-mHealth demonstrated a statistically signifi-
cantly higher mean change in WOMAC pain score com-
pared to the patients in the RGwo-mHealth (p = 0.022) 
and CG (p < 0.001). Additionally, there was also a statis-
tically significant higher mean change in the WOMAC 
pain score in patients of the RGwo-mHealth compared to 
the CG (p = 0.013) (Table 6).

The mean changes in TUG test scores at 3-months 
from baseline were 2.64  s (95% CI 2.26, 3.02  s), 1.34  s 
(95% CI 0.97, 1.70 s), and 0.29 s (95% CI − 0.06, 0.65 s) 
for patients in the RGw-mHealth, RGwo-mHealth and 
CG respectively (Table  5). As indicated by the overall 
ANCOVA, there was a statistically significant differ-
ence in the mean change in the TUG test scores between 
groups after 3-months interventions (p < 0.001). The pair-
wise between-group comparisons of the TUG test score 
at 3-months revealed that patients in the RGw-mHealth 
demonstrated a significantly higher mean change in the 
TUG test score compared to the RGwo-mHealth and 
CG (p < 0.001). Additionally, the mean change in the 
TUG test score among patients in the RGwo-mHealth 

was significantly higher compared to the CG (p < 0.001) 
(Table 6).

The mean changes in functional activity scores were 
− 2.65 (95% CI − 2.82, − 2.48), − 1.00 (95% CI − 1.17, 
− 0.83) and − 0.06 (95% CI − 0.22, 0.10) for patients in 
the RGw-mHealth, RGwo-mHealth and CG respectively 
(Table  5). The pairwise between-group comparisons of 
functional activity at 3-months revealed that patients 
in the RGw-mHealth had significantly higher mean 
change in the functional activity score relative to both 
RGwo-mHealth (difference, 1.65 [1.35, 1.94]; p < 0.001) 
and CG (difference, − 2.59 [− 2.89, − 2.30]; p < 0.001). 
There was also a statistically significant difference in the 
mean change in the functional activity scores between 
the RGwo-mHealth and CG (difference, − 0.94 [− 1.24, 
− 0.65]; p < 0.001) (Table 6).

Patients in the RGw-mHealth reported the greatest 
improvement in the ADL score of − 1.13 (95% CI − 1.36, 
− 0.91) compared to baseline. Improvement in the ADL 
scores of − 0.51 (95% CI − 0.73, − 0.29) and − 0.12 (95% 
CI − 0.38, 0.03) was noted in the RGwo-mHealth and 
CG respectively (Table  5). The pairwise between-group 
comparisons of the ADL score at 3-months revealed that 
patients in the RGw-mHealth had a significantly higher 
mean change in the ADL score compared to both RGwo-
mHealth (difference, 0.62 [0.23, 1.01]; p = 0.001) and 
CG (difference, − 0.94 [− 1.33, − 0.56]; p < 0.001). There 

Table 3  Comparisons between patients who completed and withdrew by baseline demographic and clinical outcome measures

WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; SD, standard deviation; BMI, body mass index; TUG, timed up and go; ADL, activities of daily 
living; PSFS, patient specific functional scale; n, number

Demographic and clinical outcome measures Completed (n = 96) Withdrew (n = 18) P

Age, mean (SD), year 52.96 (4.67) 52.72 (4.18) 0.835

Gender (M/F) 41/55 9/9 0.540

Educational status, No. (%)

 Matriculation 22 (22.9) 3 (16.7) 0.911

 Intermediate 40 (41.7) 7 (38.9)

 Bachelor 20 (20.8) 4 (22.2)

 Master 14 (14.6) 4 (22.2)

Marital status, No. (%)

 Single 6 (6.3) 1 (5.6) 0.873

 Married 84 (87.5) 15 (83.3)

 Divorced 6 (6.3) 2 (11.1)

Kellgren and Lawrence grade, No. (%)

 2 grade 58 (60.4) 11 (61.1) 0.956

 3 grade 38 (39.6) 7 (38.9)

BMI (kg/m2) 32.14 (4.30) 32.32 (3.81) 0.869

WOMAC pain score (0–20), mean (SD) 9.61 (2.62) 9.94 (2.12) 0.616

TUG score (seconds), mean (SD) 11.47 (2.80) 10.80 (2.84) 0.359

Katz ADL score (0–6), mean (SD) 4.10 (1.05) 4.22 (1.21) 0.671

PSFS (0–10), mean (SD) 4.59 (1.17) 4.48 (1.32) 0.742
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was not a statistically significant difference in the mean 
change in the ADL scores between the RGwo-mHealth 
and CG (difference, − 0.32 [− 0.71, 0.06]; p = 0.127) 
(Table 6).

As indicated by the ANOVA, there was a statistically 
significant difference in self-reported exercise adher-
ence between the groups after 3-months of intervention 
(p < 0.001). The pairwise between-group comparisons of 
self-reported exercise adherence at 3-months revealed 
that patients in the RGw-mHealth had more self-
reported adherence to their intervention relative to both 
patients in the RGwo-mHealth (difference, 0.79 [0.10, 
1.47]; p = 0.017) and CG (difference, 3.00 [2.31, 3.68]; 
p < 0.001) in favour of the RGw-mHealth. There was also 

a statistically significant difference in self-reported exer-
cise adherence between patients of the RGwo-mHealth 
and CG (difference, 2.20 [1.52, 2.89]; p < 0.001).

Discussion
To the best of our knowledge, this was the first RCT to 
investigate the effectiveness of LLRP combined with 
mHealth on knee pain, mobility, functional activity, and 
ADL among knee OA patients who were overweight and 
obese. In this study, patients who were assigned to the 
RGw-mHealth had significantly less pain, faster mobil-
ity, better functional activity, and better ADL scores 
over a 3-month period than patients in the RGwo-
mHealth and CG. The results indicated that patients in 

Fig. 2  Mean and 95% CI of the outcomes measures across the three groups. a mean and 95% CI of WOMAC pain score at baseline and 3-month 
follow-up, b mean and 95% CI of TUG test score at baseline and 3-month follow-up, c mean and 95% CI of Katz ADL score at baseline and 
3-month follow-up, d mean and 95% CI of PSFS score at baseline and 3-month follow-up. WOMAC = Western Ontario and McMaster Universities 
Osteoarthritis Index; TUG = Timed Up and Go; ADL = Activities of daily living; PSFS = Patient specific functional scale; CI = Confidence interval
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the RGw-mHealth who received additional remind-
ers in the form of periodic manual WhatsApp messages 
showed greater improvements in reducing knee pain and 
improving mobility, functional activity and ADL than 
did patients in the RGwo-mHealth or CG. In the current 
study, the RGw-mHealth produced a clinically relevant 
reduction in knee pain and improvement in mobility, 
functional activity, and ADL, and this may explain why 
clinical improvement of outcome measures occurred. A 
potential reason why the RGw-mHealth had a significant 
result is that patient adherence to the LLRP combined 
with mHealth was good.

Two systematic reviews of randomized controlled tri-
als reported that exercise therapy reduces pain for OA 
of the knee [34, 35]. In the current study, the pain score 
was significantly reduced in all three groups (p < 0.05), 
but a marked reduction in pain score was reported by 
the patients in the RGw-mHealth (p < 0.001). This may 
be due to the reminders of using mHealth that were sent 
to the patients of RGw-mHealth. The reminders of using 
mHealth stimulated the patients to follow their interven-
tion more efficiently.

A randomized controlled trial reported significantly 
greater improvement in mobility scores following dietary 

Table 4  Change in clinical outcome variables from baseline at 3-months within groups\

RGw-mHealth, rehabilitation group with mobile health; RGwo-mHealth, rehabilitation group without mobile health; CG, control group; WOMAC, Western Ontario and 
McMaster Universities Osteoarthritis Index; SD, standard deviation; TUG, timed up and go test; ADL, activities of daily living; PSFS, patient specific functional scale; CI, 
confidence interval; n, number

Variables Group Baseline, mean (SD) 3-months, Mean (SD) Mean change (95% CI) p

WOMAC pain score (0–20) RGwo-mHealth 9.03 (2.33) 7.67 (2.36) 1.35 (0.45, 2.25) 0.004

RG-mHealth 10.65 (2.58) 7.90 (2.42) 2.75 (2.43, 3.06) < 0.001

CG 9.15 (2.70) 8.87 (2.80) 0.28 (0.01, 0.54) 0.037

TUG score (seconds) RGwo-mHealth 10.72 (2.05) 9.58 (2.03) 1.14 (0.86, 1.43) < 0.001

RG-mHealth 12.78 (3.47) 9.79 (2.39) 3.68 (2.98, 2.29) < 0.001

CG 10.90 (2.27) 10.75 (2.23) 0.14 (− 0.02, 0.32) 0.100

Katz ADL score (0–6) RGwo-mHealth 4.18 (0.93) 4.65 (0.78) − 0.46 (− 0.75, − 0.17) 0.002

RG-mHealth 3.90 (1.42) 5.15 (0.88) − 1.25 (− 1.65, − 0.84) < 0.001

CG 4.21 (0.65) 4.34 (0.65) − 0.12 (− 0.32, 0.07) 0.211

PS FS (0–10) RGwo-mHealth 4.61 (0.90) 5.62 (1.15) − 1.00 (− 1.18, − 0.82) < 0.001

RG-mHealth 4.55 (1.21) 7.21 (1.10) − 2.65 (− 2.88, − 2.43) < 0.001

CG 4.59 (1.38) 4.65 (1.39) − 0.05 (− 0.14, 0.02) 0.173

Table 5  Unadjusted and adjusted mean change in clinical outcome measures from baseline at 3-months

RGw-mHealth, rehabilitation group with mobile health; RGwo-mHealth, rehabilitation group without mobile health; CG, control group; WOMAC, Western Ontario 
and McMaster Universities Osteoarthritis Index; SD, standard deviation; TUG, timed up and go; ADL, activities of daily living; PSFS, patient specific functional scale; CI, 
confidence interval; n, number

Change in outcome 
measures

RGwo-mHealth (n = 32) Mean 
(95% CI)

RGw-mHealth (n = 32) Mean 
(95% CI)

CG (n = 32) Mean (95% CI) p

∆ WOMAC pain (0–20)

Unadjusted 1.35 (0.45, 2.25) 2.75 (2.43, 3.06) 0.28 (0.01, 0.54) < 0.001

Adjusted 1.47 (0.93, 2.01) 2.54 (1.99, 3.09) 0.37 (− 0.16, 0.90) < 0.001

∆ TUG score (seconds)

Unadjusted 1.14 (0.86, 1.43) 2.98 (2.29, 3.68) 0.14 (− 0.02, 0.32) < 0.001

Adjusted 1.34 (0.97, 1.70) 2.64 (2.26, 3.02) 0.29 (− 0.06, 0.65) < 0.001

∆ Katz ADL score (0–6)

Unadjusted − 0.46 (− 0.75, − 0.17) − 1.25 (− 1.65, − 0.84) − 0.12 (− 0.32, 0.07) < 0.001

Adjusted − 0.51 (− 0.73, − 0.29) − 1.13 (− 1.36, − 0.91) − 0.12 (0.41, 0.03) < 0.001

∆ PSFS (0–10)

Unadjusted − 1.00 (− 1.18, − 0.82) − 2.65 (− 2.88, − 2.43) − 0.05 (− 0.14, 0.02) < 0.001

Adjusted − 1.00 (− 1.17, − 0.83) − 2.65 (− 2.82, − 2.48) − 0.06 (− 0.22, 0.10) < 0.001
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intervention combined with an exercise program com-
pared with either a dietary or exercise program [36]. 
Moreover, mobility improvement was also reported fol-
lowing dietary intervention combined with an exercise 
group of the arthritis, diet, and activity promotion trial 
[37]. The current study showed that the patients in all 
three groups reported a reduction in TUG test scores. 
However, statistically significant improvement in mobil-
ity score was only observed in patients of the RGw-
mHealth and RGwo-mHealth. The rating of Katz ADL 
was recommended by the observation of health care pro-
fessionals [38]. In the current study, a trained health pro-
fessional recorded the score of Katz ADL. The patients in 
the RGw-mHealth and RGwo-mHealth reported statisti-
cally significant improvement in ADL score than the CG.

A current study demonstrated that a combination of 
dietary weight loss and exercise intervention was consist-
ently better in improving a combination of performance 
and functional outcomes among participants with knee 
OA compared with exercise alone, diet alone, or a con-
trol group [37]. Many trials of different physical activity 
and exercise-based interventions reported improvement 
of function among knee OA patients [39]. The current 
study demonstrated a statistically significant improve-
ment in functional activity in patients of RGw-mHealth 
and RGwo-mHealth, but not in the CG. It is notewor-
thy that the improvement in functional activity was 
greater among patients in the RGw-mHealth than the 
RGwo-mHealth and CG. This may be due to the remind-
ers of using mHealth that were sent to the patients of 
RGw-mHealth.

Similarly, the results of the current study indicated that 
patients in the RGw-mHealth reported greater exercise 

adherence to their interventions compared to patients in 
the RGwo-mHealth or CG. The patients who got remind-
ers by using mHealth to perform their intervention in 
the current study reported better adherence than those 
patients who received their intervention with home exer-
cise programs with an app with remote support [13].

Clinically meaningful results of the outcome measures 
in the current study could have been mediated by a cou-
ple of factors. Apart from serving as mHealth appoint-
ment reminders, the LLRP helped to increase the clinical 
significant results of pain, mobility, functional activity, 
and ADL.

Based on these findings, this LLRP + IDC-mHealth 
intervention is expected to be more effective in terms 
of reducing pain, improving mobility, functional activ-
ity, and ADL than any other rehabilitation intervention 
among knee OA patients who are overweight and obese. 
In addition, this intervention is easy to use in the home 
care setting and can also be used for hemiplegia, paraple-
gia, or wheelchair patients with lower limb weakness.

Study limitations
This study has several limitations. Firstly, the current 
study was conducted in a single centre to recruit patients. 
Secondly, patients in the current study were followed up 
only until 3-months, hence the long-term effects of the 
interventions cannot be ascertain. Thus, further research 
across multiple centres and with long-term follow-up are 
required to confirm the results of LLRP + IDC-mHealth 
intervention. Thirdly, psychosocial, physical activity, and 
comorbidity factors may influence the outcomes. There-
fore, further research considering these additional factors 
is required to confirm the findings of the study.

Table 6  Pairwise comparisons of clinical outcome measures between groups by Bonferroni test (post hoc)

RGw-mHealth, rehabilitation group with mobile health; RGwo-mHealth, rehabilitation group without mobile health; CG, control group; WOMAC, Western Ontario 
and McMaster Universities Osteoarthritis Index; SD, standard deviation; TUG, timed up and go; ADL, activities of daily living; PSFS, patient specific functional scale; CI, 
confidence interval; N, number

Variables Comparison between Groups Mean difference (95% CI for 
difference)

p

WOMAC pain score (0–20) RGw-mHealth and RGwo-mHealth − 1.07 (− 2.02, − 0.11) 0.022

RGwo-mHealth and CG 1.10 (0.18, 2.02) 0.013

RGw-mHealth and CG 2.17 (1.22, 3.12) < 0.001

TUG test score (seconds) RGw-mHealth and RGwo-mHealth − 1.30 (− 1.96, − 0.64) < 0.001

RGwo-mHealth and CG 1.04 (0.41, 1.67) < 0.001

RGw-mHealth and CG 2.34 (1.69, 3.00) < 0.001

Katz ADL score (0–6) RGw-mHealth and RGwo-mHealth 0.62 (0.23, 1.01) 0.001

RGwo-mHealth and CG − 0.32 (− 0.71, 0.06) 0.127

RGw-mHealth and CG − 0.94 (− 1.33, − 0.56) < 0.001

PSFS (0–10) RGw-mHealth and RGwo-mHealth 1.65 (1.35, 1.94) < 0.001

RGwo-mHealth and CG − 0.94 (− 1.24, − 0.65) < 0.001

RGw-mHealth and CG − 2.59 (− 2.89, − 2.30) < 0.001
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Conclusion
Among knee OA patients who were overweight and 
obese, after 3-months, patients in the RG-mHealth had 
less knee pain, better functional activity, faster mobil-
ity, and better improvement in ADL scores than those in 
the RGwo-mHealth and CG. The results of the current 
study suggest that less knee pain, faster mobility, bet-
ter functional activity, and ADL score among knee OA 
patients who were overweight and obese, are augmented 
better by the implementation of the rehabilitation pro-
tocol by using mHealth for rehabilitation or general treat-
ment without mHealth. In this study, the importance of 
mHealth was revealed in rehabilitation programs for 
overweight and obese knee OA patients.

Highlights
Knee osteoarthritis (OA) among patients who are over-
weight or obese has been shown to cause progressive 
changes in the muscles and articular cartilage of the joint 
that may not be sufficiently targeted with current reha-
bilitation approaches.

Using the strengthening exercises of LLRP combined 
with mHealth may have the potential to reduce pain, 
improve mobility, functional activity, and ADL among 
knee OA patients who are overweight or obese. The 
training sessions of the strength exercises of LLRP com-
bined with mHealth may have the greatest contribution 
to the body of knowledge internationally because these 
strengthening exercises are performed in non-weight-
bearing sitting or lying positions to reduce the mechani-
cal load on the knee.
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