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Objectives: This study aimed to evaluate the efficacy of a mobile application–based 
telerehabilitation program as a supplementary intervention to conventional rehabilitation in 
enhancing range of motion (ROM), pain relief, and functional shoulder capacity among stroke 
patients with hemiplegic shoulder pain (HSP).

Methods: This randomized controlled trial involved 40 stroke patients with HSP (n=20 
per group) and was conducted over a 12-week period from November 2024 to July 2025. 
The participants were divided into an intervention group (conventional rehabilitation plus 
telerehabilitation) and a control group (conventional rehabilitation only). The outcomes 
measured were ROM and the shoulder pain and disability index (SPADI).

Results: Both the intervention and control groups showed significant within-group 
improvement (P≤0.01) across all shoulder ROM and SPADI outcomes, demonstrating large 
effect sizes (r=0.7–0.88). Details of the within-group improvements (reported as Mean±SD 
change) are as follows: for flexion ROM (intervention, 11.67±9.2; control, 19.44±16.6), 
abduction ROM (intervention, 20.0±15.9; control, 27.77±19.86), SPADI pain (intervention, 
16.4±7.75; control, 13.5±6.68), and SPADI disability (intervention, 24.89±8.06; control, 
19.39±6.14). When comparing the two groups, the intervention group showed superior 
improvement, notably in disability scores (P=0.031), with a mean difference change of 5.5 
(95% CI, 0.6%, 10.3%) and a medium effect size (r=0.35). No statistically significant between-
group differences were observed in pain (P=0.134), flexion ROM (P=0.181), or abduction 
ROM (P=0.204).

Discussion: The supplementary telerehabilitation program provides a superior improvement, 
specifically in disability scores for HSP patients, though it does not significantly enhance pain 
relief or ROM beyond conventional rehabilitation.
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Highlights 

● Addition of telerehabilitation provides superior improvement in disability shoulder score in stroke patients with 
HSP compared to conventional rehabilitation alone.

● The addition of telerehabilitation did not significantly improve pain or shoulder ROM beyond conventional 
rehabilitation.

● Telerehabilitation offers a promising strategy to improve shoulder function in HSP patients.

Plain Language Summary 

This study aimed to evaluate the impact of integrating telerehabilitation into conventional rehabilitation on shoulder 
pain, functional outcomes, and range of motion (ROM) in 40 stroke patients experiencing hemiplegic shoulder pain 
(HSP). After 12 weeks of rehabilitation, participants who underwent telerehabilitation showed a more significant 
reduction in the disability index compared to those who underwent conventional rehabilitation alone. This study’s 
findings indicate that telerehabilitation should be recommended in standard care to improve shoulder function in stroke 
patients with HSP. 

Introduction

emiplegic shoulder pain (HSP) is a sig-
nificant complication in stroke survivors, 
known to impair functional recovery 
and contribute to substantial disability. 
Reported prevalence rates of HSP have 

varied widely across studies, ranging from 5% to 84%. 
More recent population-based research conducted in New 
Zealand and Sweden estimates the prevalence at approxi-
mately 22–23%, while the largest study to date, conducted 
in a Turkish rehabilitation center with 1,000 participants, 
reported a prevalence of approximately 55%. Despite its 
clinical importance and frequent occurrence, the multi-
factorial nature of HSP complicates the identification of 
a definitive cause, thereby hindering the development 
of consistently effective treatment strategies [1, 2]. En-
hanced upper limb function within the initial five weeks 
following stroke is associated with greater utilization of 
the affected arm in executing functional activities [1, 3]. 

The Bobath approach is a rehabilitative strategy used 
to manage HSP. It focuses on harmonizing postural sta-
bility with selective motor control to facilitate smooth, 
coordinated movement patterns. With today’s advanced 
technology, the rehabilitation process can be carried out 
using smartphone-based applications, known as telere-
habilitation. Home-based telerehabilitation can be de-
scribed as the delivery of rehabilitation services remote-
ly utilized electronic and communication technologies, 
such as mobile phones, mobile video, computers, and 
others [4]. 

Several studies have used telerehabilitation in stroke 
patients. Piron et al. compared the improvement of Fugl 
Meyer upper extremity scores between patients who re-
ceived conventional therapy plus telerehabilitation and 
those who only received conventional therapy. After 2 
months of intervention, a statistically significant dif-
ference was found between the telerehabilitation group 
(Mean±SD, 53.6±7.7) and the control group (49.5±4.8) 
[5]. Another study by Cramer et al. stated that a 6-week 
course of telerehabilitation in stroke patients is safe, rat-
ed favorably by patients, associated with excellent treat-
ment adherence, and produces substantial gains in arm 
function with an improvement of 7.86 point Fugl-Meyer 
score, exceeding the 5.25 point minimal clinically im-
portant difference for Fugl-Meyer in chronic stroke. 
Telerehabilitation also proved to be not inferior to dose-
matched interventions delivered in the clinic [6]. Szturm 
et al. showed improvement of the wolf motor function 
test in stroke patients with computer-based telerehabili-
tation [7]. 

The recovery of arm motor function in stroke patients 
is directly proportional to the restoration of shoulder 
girdle function, as dictated by the fundamental biome-
chanical principle of proximal stability for distal mobil-
ity. The shoulder girdle serves as the essential kinetic 
base of support required to facilitate controlled, func-
tional movement of the distal upper extremity [8, 9]. A 
previous study on telerehabilitation had been success-
fully proven to have an effect on upper extremity func-
tion; in this study, researchers focused on how shoulder 
function recovery in HSP is one of the most prominent 
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complications of stroke. Lack of research on the use of 
telerehabilitation in stroke patients who experience com-
plications of HSP is also the reason why the researchers 
are interested in examining the comparison of adding 
app-based telerehabilitation interventions and conven-
tional rehabilitation therapy on functional improvement 
of the shoulder and pain in stroke patients with HSP.

Material and Methods

Setting and study design

This study employed a randomized controlled trial 
to assess the effectiveness of telerehabilitation as an 
addition to conventional rehabilitation in individuals 
with HSP in stroke patients who attended rehabilitation 
at Wahidin Sudirohusodo Hospital and Hasanuddin 
University Hospital from November 2024 to July 2025.

Eligibility criteria

The inclusion criteria included patients aged 35-65 
years diagnosed with stroke in the sub-acute phase (first 
6 months from onset), first stroke attack, unilateral neu-
rological deficits, full consciousness, manual muscle 
testing score of at least 2 for shoulder abductor and flex-
or at the hemiplegic shoulder, and spasticity with Modi-
fied Ashworth Scale score of <3 in the shoulder flexor, 
extensor, abductor, adductor, internal, and external rota-
tor muscles.

The exclusion criteria included patients with shoulder 
contracture, cognitive impairment (mini-mental state 
examination score of <21), sensory or global aphasia, 
psychotic symptoms and/or severe depression, severe 
balance impairment (Berg balance scale score of <40), 
severe transfer disability (unable to change position from 
lying to sitting), history of coronary artery bypass graft 
surgery, history of active tuberculosis or severe respira-
tory disease, extensive hemispheric infarction in the CT 
scan with a volume of infarcted tissue greater than 82 cm3.

The dropout criteria were as follows: the subject did 
not follow the rehabilitation prescribed for 3 consecu-
tive days during monitoring, did not perform 50% of the 
planned exercises recorded in the telerehabilitation ap-
plication within 1 week, or death.

Group allocation and randomization

The subjects who met the inclusion criteria and did 
not meet the exclusion criteria were randomly assigned 
using sequentially numbered opaque sealed envelopes 

to hide their allocation. They were allocated into two 
groups: the intervention group and the control group. 
This grouping was performed using the sequence ran-
domization technique. An independent physician created 
a sequential list of patient numbers from 1 to 40 in an 
Excel spreadsheet. Subsequently, two groups were cre-
ated in the Excel sheet: the app-based telerehabilitation 
intervention group and the conventional rehabilitation 
control group. The Excel function “RAND” was then 
used to determine which numbers would be assigned to 
the app-based telerehabilitation intervention group and 
which would be assigned to the conventional rehabilita-
tion control group. The minimum sample size was cal-
culated using the paired sample size formula with effect 
size=8, α=0.05, power=0.84, and standard deviation=13. 
This calculation result 16 subjects required for each 
group. This study also anticipated a 10% dropout rate, 
resulting in a total number of participants required of 18 
in each group.

Patient enrollment and baseline assessment

Patients presented at the medical rehabilitation facil-
ity with a diagnosis of stroke accompanied by HSP. The 
evaluator administered the informed consent in the form 
of an interview questionnaire and obtained approval 
from the relevant patients. The interview questionnaire in 
this study contained a list of patient identity data, current 
medical history, risk factors, and other comorbidities. 
Shoulder range of motion (ROM) was measured using 
a standard universal goniometer that has demonstrated 
excellent intra- and interrater reliability and good con-
current validity in several studies for measuring shoulder 
ROM [10, 11]. The functional status of the shoulder and 
pain level were measured using the shoulder pain and 
disability index (SPADI) Indonesian version, which has 
good construct validity, with an intraclass correlation of 
0.99 and Cronbach’s α of 0.95 [12]. Patients were in-
structed not to inform the evaluators about their group 
assignments to preserve blinding.  

Intervention and monitoring

Intervention Group: Patients in the intervention group 
were educated on the use of the smartphone application 
“Telerehabilitasi Hasanuddin” available in the Play Store 
and App Store. This application provides five videos of 
active assistive motoric reeducation exercises that can be 
performed at home using the Bobath exercise principles, 
including the elements of moving without effort, inhibi-
tion of flexor hypertonicity in the arm, regaining active 
control of the arm, elevating, and protecting the scapula. 
Patients performed the exercise twice a day for 30–45 
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minutes with the assistance of caregivers or family. In 
addition to telerehabilitation, these patients continued 
to receive conventional rehabilitation at the hospital, 
which included shoulder stabilizer muscle strengthen-
ing, stretching, ultrasound diathermy, and the provision 
of shoulder support for patients with shoulder sublux-
ation, with a frequency of twice a week.

Control group: The control group received the same 
Bobath and conventional rehabilitation at the hospital 
twice a week for 45–60 minutes, and were taught home 
exercises using the Bobath method.

All study samples underwent rehabilitation from week 
0 to week 12, with daily monitoring conducted via tele-
phone and WhatsApp group. At week 12, both groups 
returned for a reassessment of shoulder joint functional 
status and pain as post-intervention data (follow-up).

Outcome

This study examined the results in two stages: Before 
the intervention and after a 12-week intervention. 

Functional assessment was conducted by measuring the 
shoulder joint ROM for shoulder flexion and abduction, 
which was performed using a goniometer and the SPADI. 
Functional activity was assessed using eight questions de-
signed to measure the level of difficulty experienced by a 
person in various daily activities that require the use of the 
upper extremity.  Pain assessment also included SPADI, 
which consisted of five questions regarding the severity of 
a person’s shoulder pain while performing daily activities.

Statistical analysis

Statistical analyses were performed using SPSS soft-
ware, version 25 For within-group comparisons of 
shoulder functional scores and pain scores before and 
after the intervention, the Paired t-test was used when 
data were normally distributed; otherwise, the Wilcoxon 
signed-rank test was applied. Between-group compari-
sons (intervention vs control) of these scores employed 
the independent samples t-test for normally distributed 
data and the Mann-Whitney U test for non-normal distri-
butions. To evaluate the difference in improvement be-
tween groups, the Mann-Whitney U test was conducted 
on the change scores, calculated as post-intervention mi-
nus pre-intervention values.

Figure 1. Study flowchart
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Results

Participants

Forty-two patients fulfilled the inclusion criteria, two of 
whom were ineligible because they met the exclusion crite-
ria. Forty participants were then randomized into two groups 
(20 in each group) (Figure 1). Two subjects from each group 
did not continue rehabilitation; therefore, they were excluded 
from the dataset. Table 1 presents the patient characteristics, 
including age, gender, stroke type, hemiparetic side, baseline 
shoulder ROM, and SPADI score. No statistically significant 
differences in patient characteristics were observed between 
the two groups (P>0.05).

Outcome measures

Shoulder ROM outcomes, as measured by goniometer, 
showed significant improvement in flexion and abduc-
tion shoulder ROM after 12 weeks of rehabilitation in 
both groups. As shown in Table 2, the intervention group 
showed an increase in Mean±SD for shoulder flexion ROM 
from 135±29.15  to 160.56±15.52 with r=0.76 and for ab-
duction, there was also an increase from 112.77±29.41 to 
132.78±25.79 with r= 0.7 and P=0.001, while in the con-
trol group, ROM flexion increased from 117.78±32.64 to 

137.22±25.16 with r=0.71 and for abduction, increased from 
125±27.91 to 152.78±23.21 with r=0.83 and P<0.001.

Pain outcomes as measured by the SPADI questionnaire 
showed a significant reduction in both groups. In the interven-
tion group, the SPADI pain score reduced from a Mean±SD 
of  28.39±3.13 to 11.94±6.82 with r=0.77 and P<0.001. In the 
control group from 29.39±2.03 to 15.89±6.55, with r=0.83 
and P<0.001.

The functional outcome of the shoulder measured by the 
SPADI questionnaire showed a significant reduction in dis-
ability score in both groups. In the intervention group, SPA-
DI disability score Mean±SD reduced from 42.33±6.09 to 
17.44±6.37 with r=0.8. In the control group, from 44.39±5.51 
to 25±9.09, with r=0.88 and P<0.001 in both groups.

When comparing both groups, as shown in Table 3, no sig-
nificant difference was observed between the two groups in 
the improvement of ROM with P=0.181 and 0.204 for flex-
ion and abduction, and for pain reduction with P=0.134. A 
significant difference was observed between the two groups 
in decreasing disability index, with the intervention group 
showing more decreased disability than the control group, 
with a Mean±SE change difference of 5.5±2.38 (95% confi-
dence interval [CI], 0.6%, 10.36%) and r=0.35 and P=0.031.

Table 1. Characteristics of subjects

Variables

No. (%)/Mean±SD

PGroups

Intervention (n=18) Control (n=18)

Sex, 
Male 10(55.5) 13(72.2)

0.298
Female 8(44.4) 5(27.8)

Stroke type
Ischemic 12(66.67) 15(83.3)

0.248
Hemorrhagic 6(33.3) 3(16.7)

Side of hemiparesis
Right 10(55.56) 11(61.1)

0.735
Left 8(44.44) 7(38.9)

Age 57.17±11.89 53±14.06 0.496

Baseline shoulder ROM
Flexion 135±29.15 117.78±32.63 0.063

Abduction 112.77±29.41 125±27.91 0.103

Baseline SPADI
SPADI pain 28.38±3.12 29.38±2.03 0.224

SPADI disability 42.33±6.08 44.38±5.51 0.188

P<0.05 was considered statistically significant.�
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Discussion

This study found that stroke patients with HSP who 
received Bobath-based telerehabilitation showed signifi-
cantly reduced disability compared to those who under-
went conventional rehabilitation alone. Although pain 
scores improved in both telerehabilitation and conven-
tional rehabilitation groups, the difference was not sig-
nificant. This suggests that pain relief may result from a 
multimodal approach combining strengthening, stretch-
ing, ultrasound diathermy, and shoulder support rather 
than Bobath therapy alone.

Previous studies, such as Partridge et al. reported better 
pain outcomes with Bobath compared to cryotherapy [13]. 
However, Hafsteinsdóttir et al. found no long-term pain 
reduction with Bobath alone [14]. The mechanism behind 

Bobath’s effect on pain remains unclear, though it may 
involve reflex inhibition and improved muscle tone [15].

In contrast, disability scores showed significant im-
provement with telerehabilitation. This supports findings 
by Cramer et al. [6] and Piron et al. [5] who showed that 
telerehabilitation can match or exceed hospital-based 
rehabilitation in improving motor function. Telereha-
bilitation also improves patient motivation and compli-
ance. Improvement in this study relied on exercise in 
the telerehabilitation program, which was based on the 
Bobath therapy principle. Bobath therapy may enhance 
neuroplasticity through repetitive movement, sensory 
stimulation, and increased brain-derived neurotrophic 
factor (BDNF) levels. BDNF promotes neuroplasticity 
by facilitating the brain’s ability to rewire and adapt to 
injury, which contributes to functional recovery [16].

Table 2. Comparative analysis of functional improvement and shoulder pain before and after intervention of both groups 

Variables Groups
Mean±SD

P Effect Size (r)
Pre Post

Shoulder flexion 
ROM

Intervention 135±29.15 160.56±15.52 0.001 0.76

Control 117.78±32.64 137.22±25.16 < 0.001 0.71

Shoulder abduction 
ROM

Intervention 112.77±29.41 132.78±25.79 0.001 0.7

Control 125±27.91 152.78±23.21 < 0.001 0.83

SPADI pain
Intervention 28.39±3.13 11.94±6.82 < 0.001 0.77

Control 29.39±2.03 15.89±6.55 < 0.001 0.83

SPADI disability
Intervention 42.33±6.09 17.44±6.37 < 0.001 0.8

Control 44.39±5.51 25±9.09 < 0.001 0.88

ROM: Range of motion; SPADI: Shoulder pain and disability index. �

P<0.05 is considered statistically significant. 

Table 3. Comparative analysis of outcomes between intervention and control groups

Variables
Mean±SD Change

Mean±SE Difference 95% CI P Effect Size (r)
Intervention Control

ROM flexion 11.67±9.2 19.44±16.6 7.77±4.48 -1.32–16.88 0.181 0.2

ROM abduction 20±15.9 27.77±19.86 7.77±5.99 -4.41–19.99 0.204 0.19

SPADI pain 16.4±7.75 13.5±6.68 2.94±2.41 -1.96–7.85 0.134 0.25

SPADI disability 24.89±8.06 19.39±6.14 5.5±2.38 0.6–10.36 0.031 0.35

 �

Abbreviations: SE: Standard error; CI: Confidence interval; ROM: Range of motion; SPADI: Shoulder pain and disability index.

P<0.05 is considered statistically significant.
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This concept fundamentally posits that maximizing 
motor learning and functional independence in stroke 
survivors requires an emphasis on the quality and effi-
ciency of movement, rather than mere achievement of 
isolated mechanical parameters, such as passive joint 
ROM or isolated muscle strength [8, 9]. Which is why 
we found in this research better improvement in disabil-
ity aspect in the telerehabilitation group, due to higher 
frequency of exercises that can be done at home. This 
finding also aligns with the concept that motor relearn-
ing therapy is better performed as frequently as possible, 
so that it can facilitate neuroplasticity and result in an im-
provement in motor function [17]. The central tenet in-
volves the therapist utilizing specific manual guidance to 
normalize postural tone and facilitate active, integrated 
movement patterns, thereby promoting a re-organization 
within the central nervous system. This approach aims 
to provide the patient with the sensory experience of a 
more efficient movement, such as reaching with proper 
trunk control, and inhibits abnormal compensatory syn-
ergies that detract from function [8, 9, 18].

In Indonesia, the limited frequency of rehabilitation, 
which occurs only twice a week due to insurance policy, 
makes telerehabilitation especially valuable. The Telere-
habilitasi Hasanuddin app helps patients follow exer-
cises at home through reminders and video demonstra-
tions, improving adherence compared to standard home 
programs.

Conclusion

This study showed that incorporating telerehabilitation 
into conventional rehabilitation in stroke patients with 
HSP for 3 months positively improved the disability of 
the shoulder compared to those undergoing conventional 
rehabilitation alone. However, pain reduction and shoul-
der ROM did not differ significantly between the inter-
vention and control groups. Telerehabilitation offers a 
promising strategy to improve shoulder function in HSP 
during stroke rehabilitation.

Study limitation

This study encountered several limitations. Most no-
tably, the sample size of 36 participants, although suf-
ficient for preliminary analysis, may restrict the applica-
bility of the results to a wider population. Increasing the 
sample size would improve statistical power and support 
more definitive conclusions regarding the impact of add-
ing telerehabilitation for stroke patients with HSP. Sec-
ond, this study only performed a follow-up at a single 
time point, specifically 12 weeks after the intervention. 

Future research is expected to perform follow-ups over 
several time periods to determine the most effective pe-
riod dose of telerehabilitation therapy for stroke patients 
with HSP.
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