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Effect of tele-rehabilitation 
guided intervention on pain and 
function in middle-aged and 
older adult patients with knee 
osteoarthritis: a systematic review 
and meta-analysis
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Objective: To assess the effect of tele-rehabilitation interventions on pain and 
function in middle-aged and older adult patients with knee osteoarthritis (KOA).
Methods: A systematic search of randomized controlled trials (RCTs) was 
conducted in the EMBASE, PubMed, Cochrane Library, and Web of Science 
databases, covering the period from 2006 to 31 August 2025. Screening criteria 
were developed based on the PICOS principle. The Cochrane Risk of Bias 
Assessment Tool (RoB 2) was used to evaluate the quality of the literature, and 
meta-analysis was performed using STATA 15.0 software.
Results: A total of 12 RCTs involving 1,151 patients were included. The results showed 
that tele-rehabilitation was effective in VAS Pain (SMD = −0.57, 95% CI: −1.25–0.10), 
WOMAC pain (SMD = −0.08, 95% CI: −0.98–0.83), WOMAC function (SMD = −0.44, 
95% CI: −0.88–0.00), and KOOS total (SMD = 0.52, 95% CI: −0.37–1.40), showing 
a trend toward improvement, but none reached statistical significance except for 
WOMAC function score. Sensitivity analyses showed robust results, and Egger’s test 
did not reveal significant publication bias.
Conclusion: Tele-rehabilitation shows positive trends in pain and functional 
improvement in middle-aged and older adult patients with KOA; however, 
current evidence is insufficient to demonstrate significant superiority. Given its 
good accessibility, tele-rehabilitation can be used as a complementary modality 
to traditional rehabilitation. More high-quality studies are needed to clarify its 
optimal intervention protocol and long-term efficacy.
Systematic review registration: PROSPERO (registration number: 
CRD420251137582).
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1 Introduction

Knee osteoarthritis (KOA) is a chronic, progressive, degenerative joint disease 
characterized by degeneration of articular cartilage, osteophyte formation, and remodeling of 
joint structures (1). According to epidemiological studies, KOA affects more than 250 million 
people worldwide (2), with a prevalence of over 30% among individuals aged 65 years and 
older (3), and the rate continues to rise. Osteoarthritis is a disease affecting the entire joint and 
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manifests as structural alterations in the articular cartilage, 
subchondral bone, ligaments, joint capsule, synovium, and 
surrounding muscles (4). The complex pathogenesis of osteoarthritis 
involves mechanical, inflammatory, and metabolic factors, ultimately 
leading to structural destruction and functional impairment of 
synovial joints. This disease represents a dynamic pathological process 
triggered by an imbalance between joint tissue repair and destruction, 
rather than a passive degenerative disease or so-called wear-and-tear 
condition (3, 5, 6). Although KOA cannot be cured, certain 
interventions can alleviate discomfort and improve quality of life (7).

At present, diverse treatment approaches exist for KOA. Regarding 
nonpharmacological interventions, guidelines frequently recommend 
education and self-management, exercise, weight reduction for 
overweight or obese individuals, and the use of walking aids when 
indicated; these are widely advocated as first-line therapies (8, 9). The 
American Academy of Orthopedic Surgeons (AAOS) (10) 
recommends weight management as a complementary measure to 
exercise and education. Exercise therapy has been particularly helpful 
in alleviating pain and improving joint mobility, with high-quality 
evidence accumulating over the past 5 years (11, 12). Physical and 
mental exercises have shown positive short-term effects on pain and 
function in KOA. Tai Chi, Baduanjin, and yoga have been reported to 
exert certain beneficial effects (13–15). A high body mass index is a 
major risk factor (16), and there exists a dose–response relationship 
between the degree of weight loss and its effect on pain and function 
(17, 18). Combining dietary weight management with exercise yields 
superior results; however, the challenge lies in maintaining weight loss 
over the long term (19). In terms of pharmacological treatment, 
nonsteroidal anti-inflammatory drugs, corticosteroids, paracetamol, 
opioids, and viscoelastic supplements may be used to manage patients 
with early-stage KOA (20–23). No disease-modifying osteoarthritis 
drugs targeting disease progression have yet been approved. Recent 
research indicates the potential of PPV-06 active immunotherapy for 
treating patients with inflammatory KOA, encouraging further testing 
in Phase II clinical trials (24). Intra-articular injections commonly 
involve treatments such as carboxymethyl chitosan (CM-C) (25) or 
placebo. Existing research has highlighted the temporal variation of 
the placebo response in patients with KOA (26). Previous studies have 
demonstrated favorable outcomes for CM-C in alleviating pain and 
improving functional outcomes in patients with advanced OA (27). 
Although CM-C0 is effective in alleviating pain and enhancing 
function during early treatment, the rate of improvement in pain and 
functional outcomes subsequently slows, and gradually stabilizes 
rather than continuing to show significant advancement (25).

Additionally, the French Society of Rheumatology (SFR) has 
developed guidelines concerning the application of pharmacological 
treatments in KOA (28). The Osteoarthritis Research Society 
International (OARSI), the European Society for Clinical and 
Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal 
Diseases (ESCEO), the American College of Rheumatology (ACR), 
the AAOS, and the European League Against Rheumatism (EULAR) 
have issued recommendations for KOA management, including 
updates on nonpharmacological treatments (8, 10, 29–31).

Treatment for KOA primarily focuses on preserving joint function 
(such as immune and inflammatory aspects), but pain remains a 
significant issue for those affected by KOA (32). Although KOA cannot 
be cured, certain long-term interventions can help relieve discomfort 
and improve quality of life (7). Clinical guidelines consistently 
recommend exercise as first-line treatment for all patients with KOA 

(8, 29, 31, 33, 34). Physical therapy is widely used to relieve pain and 
improve functional outcomes in patients with KOA (35). However, 
many middle-aged and older adult people are unable to receive 
professional guidance from clinicians and physiotherapists when 
implementing rehabilitation programs after discharge from hospitals. 
Therefore, telemedicine provides an effective means of delivering 
professional rehabilitation programs and guidance to patients 
with KOA.

Telemedicine is defined as “the provision and facilitation of health 
and health-related services, including health care, provider and patient 
education, health information services, and self-care, through 
telecommunication and digital communication technologies.” (36–38). 
Recent studies have shown that telemedicine-supported exercise 
interventions have emerged as a potentially advantageous treatment 
modality for managing KOA (39, 40). The need for such interventions 
has increased significantly, especially during the period of “social 
distancing” measures due to the COVID-19 epidemic (41, 42). However, 
tele-rehabilitation also faces certain challenges, such as the complexity of 
the operating system, unclear instructions, and dependence on network 
conditions, which make it less accessible and compliant than traditional 
face-to-face rehabilitation among older adult patients with KOA (43).

Although many reviews and meta-analyses of KOA have been 
published, most include only a limited number of independent 
randomized controlled trials (RCTs). For example, Xie et al. (38) 
included only four RCTs and Yang et al. (44) included nine. These 
studies used various questionnaires to assess pain, function, and other 
indicators, resulting in insufficient statistical test power and affecting 
the stability and generalizability of some of the findings. Additionally, 
the original studies varied widely in the specific type, frequency, and 
intensity of exercise interventions, as well as in the control measures, 
leading to significant heterogeneity in the combined analyses, which 
may affect the credibility of the results. Furthermore, most analyses 
included only studies published in English, which may have 
introduced language bias. Moreover, publication bias is difficult to 
detect effectively in small-sample studies.

This paper still needs to review and summarize the latest literature 
for the following reasons. First, to update high-quality evidence: this 
study integrates newly published literature from the past 3 years, 
which significantly expands the inclusion size of high-quality 
randomized RCTs and enhances the timeliness and reliability of the 
conclusions. Second, to expand the scope of the study: existing reviews 
primarily analyzed indicators mostly dispersed across multiple scales, 
with insufficient systematic assessment of specific scales. In this paper, 
pain indicators were analyzed using the Visual Analog Scale (VAS) 
and WOMAC pain subscale, functional indicators were evaluated 
using the WOMAC function subscale, and the total score was analyzed 
using the Knee Injury and Osteoarthritis Outcome Score (KOOS) 
total score. Third, to include cross-language literature search: the 
search strategy did not impose language restrictions, and both English 
and Korean literature was included to minimize publication bias.

2 Methodology

2.1 Study design

This research protocol was registered on the PROSPERO platform 
(registration number: CRD420251137582 at https://www.crd.york.
ac.uk/PROSPERO/). The information presented in this paper is 
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consistent with that provided at the time of registration. During 
implementation, the study strictly followed the Preferred Reporting 
Items for Systematic Evaluation and Meta-Analyses (PRISMA) 
guidelines (45) and referred to PRISMA recommendations in the 
fields of exercise, rehabilitation, sports medicine, and sports science 
for study conduct and reporting.

2.2 Study inclusion and exclusion criteria

This study followed the PICOS principles recommended by the 
PRISMA guidelines (45), with clearly defined inclusion and exclusion 
criteria. The interventional studies included in this review consisted 
of RCTs that examined the effects of tele-rehabilitation on three 
outcomes: pain, function, and KOOS scores in patients with KOA.

Population (P): The study included middle-aged and older adult 
patients aged 40 years or older who were diagnosed with KOA. Patients 
who had undergone surgical treatment were excluded.

Intervention (I): The intervention method was a telemedicine 
intervention, which is defined as “the provision and promotion of 
health and health-related services, including health care, provider and 
patient education, health information services, and self-care, through 
telecommunications and digital communication technologies,” and 
studies that did not use a telemedicine intervention were excluded.

Control (C): The control groups received non-surgical 
physiotherapy, including non-intervention group (watchful waiting), 
verbal advice, face-to-face physiotherapy, clinic treatment, and home 
intervention. Some scholars have suggested that, in specific research 
contexts, using a single scale can enhance measurement consistency 
and comparability across studies while reducing the risk of missing 
data. Based on these considerations, this study adopted a single scale 
as the primary evaluation measure (46).

Outcome (O): The main observables included pain, function. Pain 
outcomes were measured using the VAS or WOMAC pain subscale. 
Functional outcomes were assessed using the WOMAC function 
subscale. The KOOS included the five dimensions—pain, Symptoms, 
Activities of Daily Living, Sport and Recreation Function, and Knee-
related Quality of Life (47)—and was included here as the KOOS total 
score. When only one outcome met the inclusion criteria, that study 
was chosen to be included in the analysis.

Study design (S): Only RCTs were included.
Exclusion criteria: Studies were excluded if they met any of the 

following conditions: (1) reviews, conference reports, commentaries, 
and prospective studies; (2) duplicate publications; (3) studies with 
incomplete raw data, studies that did not assess any outcome metrics, 
or studies from which outcome data could not be extracted; (4) studies 
that did not set up a control group; (5) studies involving 
non-telemedicine interventions; (6) studies involving surgical 
treatments; and (7) studies for which the full text could not 
be obtained.

2.3 Search strategy

The researcher searched four databases—EMBASE, PubMed, 
Cochrane Library, Web of science—covering all the literature from the 
establishment of the databases to 31 August 2025. The search strategy 
used a combination of keywords, such as “knee osteoarthritis,” and 

“telerehabilitation.” Detailed search strategies for each database are 
provided in the Supplementary information (SI). The database 
searches were performed independently by JQQ and GZY. To avoid 
missing eligible studies, the reference lists of included articles and 
relevant review papers were also screened.

2.4 Study selection and data extraction

Two researchers (JQQ and GZY) independently extracted data, 
and a third researcher (WH) resolved any discrepancies. EndNote 
software (version X9) was used to manage the included literature and 
to remove duplicate studies.

The titles and abstracts of all the retrieved studies were 
independently screened by JQQ and GZY. For studies with unclear 
relevance, its full text was reviewed. Any disagreements during the 
screening process were discussed and resolved in a meeting moderated 
by WH. The excluded literature and their reasons for exclusion 
were recorded.

For each included study, the researchers extracted the following 
information: first author’s name, year of publication, mean age of 
participants, gender, intervention, duration of intervention, and 
outcome measures. Data extraction strictly adhered to the 
pre-determined study grouping criteria.

To obtain missing information, the researchers actively contacted 
relevant authors via email. However, studies that lacked essential data 
or from which key information could not be obtained were excluded 
from subsequent analyses to ensure the accuracy and reliability of the 
study (see Table 1).

2.5 Methodological quality assessment

The methodological quality and risk of bias were assessed by two 
independent authors (JQQ and GZY), and any disagreements were 
resolved through consultation with a third researcher (WH). The risk 
of bias analyses was performed using the Cochrane Risk of Bias (RoB 
2) tool for RCTs, and the analyses were conducted with RevMan 
software (version 5.4). The RoB 2 tool systematically assesses bias 
across five domains: bias arising from the randomization process, bias 
against interventions, bias against missing data, bias in the 
measurement of outcomes, and bias in the reporting of outcomes. 
Each area was used to make a risk judgment of the article based on 
preset questions, and the risk of bias levels were ‘low risk,’ ‘some 
concerns’, and ‘high risk.’ The final risk rating for each study was given 
based on the combined assessment of the five areas.

The results of the evaluation were categorized as “low,” “high,” or 
“some concerns.” A study was rated as “low” when all domains were 
judged to have low risk of bias, “high” when any domain was judged 
to have high risk, and “some concerns” when neither condition was 
met. Studies were required to meet rigor requirements for all core 
assessment criteria, including random sequence generation: verifiable 
methods such as computer randomization or random number tables 
were used; allocation concealment: mechanisms such as central 
randomization or sealed envelopes were used to ensure that the 
grouping could not be predicted by the researcher; blinding: subjects, 
researchers, and outcome assessors were blinded, and blinding was 
not compromised; data completeness: data for key endpoints were 
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TABLE 1  Characteristics of studies included in the literature.

Serial 
number

Author, age Sex of subjects (A person’s) Age Control group Intervention 
group

Duration of 
intervention 

(weeks)

Frequency of 
intervention

Outcome

1 Aily, J 2023 (50) male: 50; female: 50 EXP (53 ± 9); Con (55 ± 8)
VAS Pain (68 ± 19); 

WOMAC score (31 ± 13)

VAS Pain (67 ± 17); 

WOMAC score 

(27 ± 12)

14 three times a week

VAS Pain, WOMAC score, 

40 m fast-paced walk test, 

30-s chair stand test, Stair 

climb test, Isometric peak 

torque, Thigh composition, 

Body composition, Muscle 

architecture, Pain 

Catastrophizing Scale

2 Bennell K 2017 (55)
male intervention (27/32%); 

male Control (35/42)

Intervention (61.1 ± 6.9); 

Control (63.4 ± 7.8)

WOMAC Pain 

(8.1 ± 2.7); WOMAC 

function (27.3 ± 11.1)

WOMAC Pain 

(8.5 ± 2.9); WOMAC 

function (30.3 ± 10.1)

24

5 sessions of physiotherapy and 

an average of 5.4 sessions of 

telephone counseling

NRS overall pain, WOMAC 

function, NRS walking pain, 

WOMAC pain, Physical 

activity scale for the elderly 

(PASE)

3 Eun-Lee 2023 (54) female: 31
Intervention (65.63 ± 3.70); 

Control (68.27 ± 4.78)
VAS Pain (43.90 ± 17.85) VAS Pain (34.50 ± 21.69) 8 3 times a week

Physical function (FTSST, 

TUG, Right knee extensor 

strength, Left knee extensor 

strength, Right knee flexor 

strength, Left knee flexor 

strength), Muscle 

biomarkers, VAS

4
Maryam Alasfour 

2020 (56)
female: 20

App group (53.65 ± 3.96); 

Paper group (55.15 ± 4.64)

WOMAC Pain 

(6.00 ± 0.86); WOMAC 

function (6.47 ± 2.93)

WOMAC Pain 

(5.78 ± 1.21); WOMAC 

function (8.11 ± 3.62)

6

In week 1, perform the exercises 

twice a day (1 and 2). In week 2, 

perform four exercises (1–4) 

per day. In week 3, perform six 

exercises (1–6) per day. In week 

4, perform eight exercises per 

day (1–8)

In week 4, perform eight 

exercises (1–8) per day. In 

weeks 5, 6, perform nine 

exercises per day (1–9). The 

exercise program consists of 

one set of 10 repetitions.

Adherence rate, Pain, 

Physical function, Lower-

limb muscle strength

5
Moutzouri Maria 

2024 (61)

BWR-OPA female (19); 

male (3); OPA female (15); 

male (7)

BWR-OPA (65.1 ± 5.3); 

OPA (63.5 ± 5.6)
KOOS (45.8 ± 8.9) KOOS (43.3 ± 7.7) 6 5 times a week KOOS

(Continued)
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TABLE 1  (Continued)

Serial 
number

Author, age Sex of subjects (A person’s) Age Control group Intervention 
group

Duration of 
intervention 

(weeks)

Frequency of 
intervention

Outcome

6
Rana S Hinman 

2019 (57)

Existing service female (55); 

male (33); Exercise advice 

and support female (55); 

male (32)

Existing service (62.5 ± 8.1); 

Exercise advice and support 

(62.4 ± 9.1)

WOMAC Pain 

(8.1 ± 3.4); WOMAC 

function (27.8 ± 12)

WOMAC Pain 

(8.6 ± 2.7); WOMAC 

function (29.3 ± 10.1)

24

5–10 telephone consultations 

with a physiotherapist (average 

6), with 87% of participants 

completing at least 5 

consultations

Overall average knee pain, 

Physical function, WOMAC 

Pain PASE

7
Rana S Hinman 

2024 (60)

in person female (147); male 

(56); Telerehabilitation 

female (122); male (68)

in person (62.2 ± 8.5); 

Telerehabilitation 

(60.5 ± 8.5)

WOMAC function 

(28.4 ± 10.4)

WOMAC function 

(26.2 ± 10)
12

Session 1: 45 min, 4 subsequent 

sessions: 30 min each

Average knee pain on 

walking (NRS), Physical 

function (WOMAC), 

Health-related quality of life 

(AQoL-6D), PASE, Self-

efficacy (ASES)

8
Reyhaneh Khazaei 

2024 (51)

Intervention (13 female, 2 

male); Control (14 female, 1 

male)

Intervention (58.8 ± 5.57); 

Control (59.47 ± 7.22)

KOOS (139.9 ± 21.99); 

VAS Pain (6.86 ± 2.04)

KOOS (125.42 ± 38.08); 

VAS Pain (4.65 ± 1.99)
8 1 time a week

KOOS total, EQ5D, Health 

status (VAS 0–100), Pain 

(VAS 0–10)

9

Suheyla DAL 

ERDOĞAN 2025 

(58)

Intervention (female/male)

(14/4); Control (14/4)

Intervention (61.1 ± 6.15); 

Control (60.6 ± 5.95)

WOMAC Pain 

(10.3 ± 1.8); WOMAC 

function (47.3 ± 7.3)

WOMAC Pain 

(10.3 ± 1.8); WOMAC 

function (49.07 ± 6.4)

3 5 times a week
WOMAC pain, function, 

Berg Balance Scale

10 Tore, N. G 2023 (62)

Telerehabilitation female 

(21/87.5%); Control female 

(22/91.7%)

Telerehabilitation 

(55.87 ± 7.24); Control 

(55.79 ± 6.76)

KOOS (45.7 ± 24.27) KOOS (51.04 ± 17.89) 8 3 times a week

30-s Chair Stand Test, 

KOOS, Numeric Rating 

Scale

11 Tümtürk, I 2024 (52)

Telerehabilitation female/

male (23/6); Paper female/

male (16/12)

Telerehabilitation 

(53.59 ± 7.12); Paper 

(50.51 ± 7.03)

VAS Pain (3.69 ± 2.07); 

WOMAC Pain 

(38.92 ± 11.08); WOMAC 

function (34.34 ± 12.31)

VAS Pain (3.72 ± 1.96); 

WOMAC Pain 

(33.1 ± 16.92); WOMAC 

function (32.55 ± 16.77)

8 7 times a week
VAS Pain, WOMAC pain, 

function, EQ-5D-5L

12 Kumari 2021 (59)

Experimental female/male 

(29/11); Control female/

male (32/8)

Experimental (54.98 ± 7.09); 

Control (52.95 ± 8.11)

WOMAC Pain 

(2.2 ± 1.06); WOMAC 

function (3.38 ± 0.89)

WOMAC Pain 

(2.6 ± 1.03); WOMAC 

function (3.38 ± 1.17)

9

They were shown how to use an 

app. They were given a 

demonstration of the use of the 

app and the KOA exercises 

given in the app.

WOMAC pain, function

13 Odole. C 2013 (53) male: 26; female: 24

Control (54.96 ± 7.81); 

Tele-physiotherapy 

(56.04 ± 7.4)

VAS Pain (55.84 ± 17.83) VAS Pain (54.68 ± 18.38) 6 3 times a week VAS Pain

https://doi.org/10.3389/fpubh.2025.1724092
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Jia et al.� 10.3389/fpubh.2025.1724092

Frontiers in Public Health 06 frontiersin.org

missing at ≤10%, and intention-to-treat was used; selective reporting: 
prespecified outcome indicators were reported in full; and other 
biases: no major design flaws (e.g., uncorrected baseline imbalances). 
A study was considered “low risk” only when all of the above criteria 
were satisfied. The study had serious flaws in any of the core categories, 
e.g., randomization was pseudo-randomized by date of birth, medical 
record number, etc.; allocation was not hidden or only verbalized; 
blinding was not performed and outcomes were subjective; >20% of 
data were missing or inappropriate analyses were used; key endpoints 
were hidden and not reported; there was a conflict of interest or a 
serious design error. The presence of any of these issues was judged to 
be “high risk” (48).

2.6 Statistical analyses

All statistical analyses were performed using STATA 15.0 
software. The mean changes in VAS Pain, WOMAC Pain, WOMAC 
function, and KOOS total before and after the trial were analyzed in 
the intervention and control groups to assess the improvement in 
KOA produced by the intervention. For effective size selection, this 
meta-analysis used the standardized mean difference (SMD). The 
analysis was based on mean changes before and after the intervention 
in both the control and intervention groups, and the standard 
deviation values were uniformly used after the experiment. For 
model selection, a random effects model was applied because of the 
high degree of quantitative differences in the I2 statistic across 
studies (49). Since I2 > 50%, a random effects model should be used. 
Meta-analysis was performed in STATA 15 using the “metan” 
package to calculate SMDs and generate forest plots; sensitivity 
analysis was conducted using the “metaninf ” package; publication 
bias analysis was performed using the “metafunnel” package to 
generate funnel plots; and Egger’s plot was generated using the 
“metabias” package.

3 Results

3.1 Study selection and characteristics

A total of 284 duplicate studies were excluded from the 556 
articles retrieved from the four databases. Of the remaining 272 
studies, 243 irrelevant studies were excluded after screening titles 
and abstracts. After a full-text review of the remaining 29 studies, 
18 were excluded because they did not meet the inclusion criteria, 
and two studies were identified in existing meta-analyses; therefore, 
13 studies were finally included in this systematic review and meta-
analysis. After the Cochrane RoB 2 quality assessment of 
randomized trials, a total of 12 articles met the final inclusion 
criteria for this meta-analysis. The study selection process is shown 
in Figure 1.

A total of 1,182 patients were included in this meta-analysis, and 
the intervention in the study was primarily a telemedicine 
intervention, with a blank control or non-surgical physical 
intervention in the control group. The intervention timeframe ranged 
from 3 to 24 weeks. All studies used improvement as the primary 
outcome indicator.

3.2 Quality evaluation

A total of 5 studies enrolling 263 patients with KOA assessed 
changes in VAS pain before and after treatment (50–54). Additionally, 
six studies enrolling 512 patients with KOA assessed changes in 
WOMAC Pain before and after treatment (52, 55–59). Seven studies 
enrolled 884 patients with KOA and assessed changes in WOMAC 
function before and after treatment (52, 55–60). Three other studies 
included 117 patients with KOA and assessed changes in KOOS total 
before and after treatment (51, 61, 62).

The results of the quality assessment showed that seven RCT 
articles included in the study were low risk, five were medium risk, 
and one was high risk, and high-risk articles were excluded; 12 
RCT studies were finally included in this paper. Figures 2, 3 
demonstrate the results of the risk of bias assessment of the 
included studies.

3.3 Impact of telemedicine on KOA and 
meta-analysis

3.3.1 VAS pain
Figure 3A illustrates four studies with a total of 232 participants, 

each of which provided effect values (Effect) and their 95% confidence 
intervals (95% CI). The weight (%) of each study was calculated based 
on the random-effects model.

The SMD was −0.57 (95% CI [−1.25–0.10], p > 0.05), suggesting 
that the exercise intervention group tended to show some 
improvement in pain reduction compared with the control group; 
however, the difference did not reach statistical significance. Across 
individual studies, the study by Reyhaneh Khazaei (51) showed the 
most significant effect of the intervention (SMD = −2.11, 95% CI: 
−3.09 to −1.13), whereas Odole C (53) showed a slight positive effect 
(SMD = 0.24, 95% CI: −0.31 to 0.79), while the rest of the studies 
showed a negative trend. The heterogeneity test results showed 
I2 = 82.6%, p < 0.001, indicating a high degree of heterogeneity among 
these studies. Therefore, although the results of the overall analysis 
suggested that exercise interventions may help to reduce pain levels in 
middle-aged and older adult patients with KOA, the findings should 
be interpreted with caution. Potential moderators such as the type, 
frequency, and duration of interventions should be considered in 
further studies.

To assess the robustness of the findings, sensitivity analyses were 
conducted using “metaninf.” After removing the studies one by one, 
the results showed that the change in the combined effect size 
ranged from −1.25 to 0.10 (Figure 3C), and the direction of the 
overall effect remained consistent, indicating a reduction in pain. 
The exclusion of individual studies did not result in significant shifts 
in the overall effect sizes or CIs, suggesting that the results of this 
meta-analysis are robust. Notably, when the Reyhaneh Khazaei (51) 
study was removed, the overall effect size slightly shifted toward 
zero, suggesting that this study may have contributed more 
substantially to the heterogeneity of the pooled effect. This is 
consistent with the results of the previous heterogeneity analysis 
(I2 = 82.6%), suggesting that methodological differences between 
studies or differences in sample characteristics may be the primary 
source of heterogeneity.
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The publication bias of the included studies was assessed by the 
funnel plot, as shown in Figure 3B. The relatively asymmetric distribution 
of study sites in the funnel plot, especially the presence of study sites 
significantly off the center line in the lower left, suggests the possibility 
of some small-sample effect or potential publication bias. As only four 
studies were included in this analysis, the number of studies was small, 
and the stability and judgment of the funnel plot were limited; therefore, 
the bias pattern should be interpreted with caution. Overall, the studies 
showed mild visual asymmetry but did not reach the obvious systematic 
bias characteristics. However, because the sample size was small, further 
evaluation using Egger’s linear regression method was required.

To further verify the publication bias, Egger’s linear regression 
method was used to test the small-study effects (as shown in 
Figure 3D). The results showed that the regression intercept (bias) 
was −4.85 (95% CI: −21.30 to 11.60), with a corresponding p-value 
of 0.332, indicating that the difference was not statistically 
significant and that no significant small-sample effect was observed 
(Figure 3E). Additionally, the regression line was more parallel to 
the distribution of effect sizes, and the study sites were distributed 
on both sides of the regression line, further supporting a low risk of 
publication bias. When combined with the results of the funnel plot, 
the findings indicate that although the plot showed slight 
asymmetry in the graph, the statistical test did not show significant 
bias. Therefore, the results of this meta-analysis appear stable, and 
the impact of publication bias on the study conclusions is 
likely minimal.

3.3.2 WOMAC pain
Figure 4A illustrates six studies with a total of 512 participants, 

each of which provided effect values and their 95% CI, and the weight 

(%) of each study was calculated based on the random-effects model. 
The results showed that SMD = −0.08 (95% CI: −0.98 to 0.83); the CI 
crossed the zero line, suggesting that there was no statistically 
significant difference between the intervention and control groups in 
terms of pain improvement (p > 0.05). The test for heterogeneity 
showed I2 = 95.6%, p < 0.001, indicating a high degree of heterogeneity 
among the studies, suggesting that the included studies may have 
differed considerably in terms of interventions, duration, or 
characteristics of the subject population.

Sensitivity analyses (Figure 4C) assessed the robustness of the 
meta-analysis results regarding the effect of tele-rehabilitation on 
WOMAC pain scores by the one-by-one exclusion method. The 
results showed that the point estimate of the combined effect 
fluctuated around the original overall effect (SMD = −0.08), and the 
95% CIs obtained for each exclusion crossed the zero line, with no 
change in the overall conclusion from not statistically significant to 
statistically significant (or vice versa). These findings indicate that no 
single study exerts undue influence on the overall effect, demonstrating 
that the overall conclusion is relatively robust under the one-by-one 
exclusion test.

As shown in the figure (Figure 4B), the funnel plot suggests some 
asymmetry in the distribution of studies, with the small sample of 
studies at the lower end clustered on the side of the negative effect, but 
there were also two studies with large positive effects, resulting in a 
point of significant deviation from the line of combined effects. 
Considering that only six studies were included, the statistical power 
of the visual assessment and bias test was limited, so the funnel plot 
alone could not confirm the existence of publication bias.

As shown in Figures 4D,E the Egger linear regression test did not 
find a significant small-study effect/publication bias (intercept 

FIGURE 1

PRISMA 2020 flowchart depicting records identified, screened, and included after the final selection criteria for the current meta-analysis. Adapted 
from Page et al. (45).
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(bias) = −3.686, SE = 7.283, t = −0.51, p = 0.639; overall test 
p = 0.639). The regression slope was 0.848 (SE = 1.651, p = 0.634). 
These findings indicate that the null hypothesis of “no small study 
effect” cannot be rejected based on the statistical test results.

3.3.3 WOMAC function
Figure 5A illustrates seven studies, with a total of 884 participants, 

assessing the effect of tele-rehabilitation on WOMAC functional scores 

in KOA. Pooled results from nine studies are shown, and the results show 
a large difference in effect sizes between studies (I2 = 88.3%, p < 0.001), 
suggesting a high degree of heterogeneity. The combined effect size was 
SMD = −0.44 (95% CI: −0.88, 0.00), and the overall results slightly 
favored an improvement in WOMAC function scores, demonstrating a 
reduction in the degree of dysfunction in the intervention group.

The results of the sensitivity analyses performed on the WOMAC 
function scores (Figure 5C) showed that when any single study was 

FIGURE 2

(A) Risk of bias map for each study; red: high risk; yellow: potential risk; green: low risk. (B) Risk of bias map.
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excluded in turn, none of the estimates of the combined effect size 
changed substantially, with the SMD consistently remaining around 
approximately −0.44, and the upper and lower bounds of the 95% CIs 
not fluctuating significantly, as illustrated. In particular, when the 
study of Suheyla DAL ERDOĞAN (2025) was excluded, the combined 
effect sizes shifted slightly negatively, suggesting that this study may 
have had some impact on overall heterogeneity; however, the overall 
direction of the effect remained consistent and within the CI, not 

substantially changing the overall findings. The effects of the exclusion 
of the remaining studies on the overall results were small, indicating 
that the results of this meta-analysis have good stability and reliability.

The funnel plot for the WOMAC functional scores is shown 
(Figure 5B). The distribution of points from the seven included 
studies showed an overall asymmetry, with a higher concentration 
on the left side, and the presence of one significantly deviating point 
in the lower right side (corresponding to the studies with larger 

FIGURE 3

(A) Forest plot of VAS Pain change values (using random effects model). (B) Sensitivity analysis of VAS Pain (using random effects model). (C) Funnel 
plot of VAS Pain. (D) VAS Pain regression plot (Egger’s linear regression). (E) VAS Pain publication bias test (Egger’s linear regression).
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positive effects). This distribution pattern suggests that some degree 
of asymmetry may be present in the study results. The asymmetry 
of the funnel plot may reflect potential publication bias, which 
favors the publication of studies reporting more significant 
intervention effects (more pronounced functional improvement). It 
may also be related to factors such as the small number of included 
studies, the large variation in sample sizes, and inconsistencies in 
study quality. Additionally, the opposite direction of effect observed 

in the Suheyla DAL ERDOĞAN (2025) study may also have 
contributed to the skewing of the graphs and increased 
heterogeneity. In summary, although the funnel plots showed some 
asymmetry, given the limited number of included studies (n = 7), 
further Egger test is warranted to verify the presence of significant 
publication bias.

The Egger regression test was used to assess publication bias 
(Figure 5E). The regression intercept term (bias = −0.4168, 95% CI: 

FIGURE 4

(A) Forest plot of WOMAC Pain change values (using random effects model). (B) WOMAC pain sensitivity analysis (using random effects model). 
(C) Funnel plot of WOMAC Pain. (D) WOMAC Pain regression plot (Egger’s linear regression). (E) WOMAC Pain publication bias test (Egger’s linear 
regression).
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−7.6392 to 6.8056, p = 0.888) was not statistically significant, 
suggesting that no “small-sample study effect” or significant 
publication bias was detected. The slope coefficient (slope = −0.3659, 
p = 0.503) was also not statistically significant, further supporting this 
conclusion. As shown in the Egger regression plot (Figure 5D), the 
study points were roughly distributed on both sides of the regression 

line, and the regression line crossed the zero line without a significant 
skewing trend. This pattern is consistent with the visual assessment 
of the funnel plot, suggesting that although the funnel plot exhibited 
mild asymmetry, the statistical test did not indicate significant 
publication bias. In summary, the results of Egger’s linear regression 
indicated that no significant publication bias was present in this 

FIGURE 5

(A) Forest plot of WOMAC function change values (using random effects model). (B) Sensitivity analysis of WOMAC function (using random effects 
model). (C) Funnel plot of WOMAC function. (D) WOMAC function regression plot (Egger’s linear regression). (E) WOMAC function publication bias test 
(Egger’s linear regression).
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meta-analysis of telemedicine intervention to improve WOMAC 
function in middle-aged and older adult patients with KOA, 
supporting the robustness and reliability of the findings.

3.3.4 KOOS total
Figure 6A illustrates three studies, totaling 117 patients, assessing 

the effect of tele-rehabilitation on total KOOS scores in middle-aged 
and older adult patients with KOA. Tele-rehabilitation showed a 
directional benefit over control on total KOOS scores (combined 
SMD = 0.52), although this effect was not statistically significant (95% 
CI [−0.37–1.40]). A high degree of heterogeneity was present among 
the studies (I2 = 81.0%, p = 0.005).

The sensitivity analysis in Figure 6C suggests that the study by 
Tore contributed substantially to the observed effect of the 
telerehabilitation intervention and that the overall effect tended to be 
zero and non-significant when this study was excluded. Therefore, the 
influence of this study on the pooled warrants careful consideration 
results, and future research may need to verify its uniqueness.

The funnel plot display (Figure 6B) shows a significant asymmetry, 
suggesting possible publication bias. Smaller studies may not have 
been included in the meta-analysis, or there may have been selective 
reporting issues, which may have affected the accuracy of the 
combined effect. To further confirm the existence of this bias, an Egger 
test can be performed to verify whether the funnel plot asymmetry 
is significant.

The results were analyzed by Egger’s test (Figure 6E) and 
regression plot analysis (Figure 6D), which showed no significant 
publication bias. The likelihood of a small study effect was low, and the 
between-study effect was not affected by publication bias.

4 Discussion

This study, through systematic review and meta-analysis, aims to 
validate the efficacy of tele-rehabilitation in alleviating pain and 
improving functional outcomes among middle-aged and older adult 
patients with KOA. The emerging trend indicates that tele-
rehabilitation demonstrates favorable effects across multiple metrics, 
including overall pain, WOMAC pain, WOMAC function, and KOOS 
total scores, suggesting potential benefits in pain reduction and 
functional restoration.

Existing meta-analyses indicate that Su-Hang Xie (38) explicitly 
evaluated the efficacy of internet-based rehabilitation in both pain 
relief and physical function improvement, providing evidence for 
clinical practice. Analysis of the constituent modules of different 
internet rehabilitation programs, such as exercise guidance, cognitive 
behavioral therapy, and self-management, offers reference for 
designing future personalized rehabilitation programs. Yajie Yang (44) 
employed subgroup analyses to elucidate the impact of varying control 
conditions, intervention duration, and delivery methods on outcomes, 
offering more nuanced guidance for clinical practice. Findings 
indicate that longer-term interventions (>3 months) and those 
delivered via web-based or smartphone applications yield superior 
effects in alleviating pain and enhancing physical function. The aim of 
the present study was to empirically evaluate the effects of telemedicine 
interventions on pain and function in patients with KOA through a 
systematic meta-analysis. Pain outcomes were assessed using the VAS 
Pain and WOMAC Pain scales, while functional outcomes were 
evaluated using the WOMAC function scale and the KOOS total score.

The meta-analysis further indicates that telerehabilitation generally 
yields favorable outcomes in terms of pain and function for middle-aged 
and older adult patients with KOA, though most comparisons failed to 
achieve statistical significance. Results across different outcome measures 
showed insufficient consistency and high heterogeneity (I2 values 
predominantly around or above 80%), suggesting substantial differences 
between studies in intervention formats, follow-up durations, and 
participant characteristics. Sensitivity analyses and publication bias tests 
demonstrated reasonable robustness of results, though a few studies 
significantly influenced pooled effects. This necessitates cautious 
interpretation and underscores the imperative for future high-quality 
research. However, given the limited number of included studies and 
substantial heterogeneity, current evidence remains insufficient to 
support definitive conclusions, highlighting the need for further 
investigation. Notably, high heterogeneity was observed in pain outcomes 
within this study. This does not imply the ineffectiveness of 
telerehabilitation but rather indicates that its efficacy is influenced by 
multiple factors: Diversity of intervention protocols: Significant 
variations existed across studies in the telerehabilitation technology 
platforms employed (e.g., telephone, videoconferencing, and dedicated 
apps), exercise frequency and intensity, and the inclusion or frequency 
of professional supervision. Control groups comprised routine care, 
waiting lists, and face-to-face physiotherapy. When compared against 
face-to-face control groups (50), telerehabilitation typically demonstrated 
“non-inferiority”; however, its “absolute benefit” was more readily 
apparent when contrasted with control groups receiving fewer 
interventions. Patient characteristics: Baseline pain and functional levels, 
disease duration, technological acceptance, and self-management 
capabilities all influence patient response to telerehabilitation.

Regarding effect direction and clinical trends, although this meta-
analysis did not identify a statistically significant advantage for 
telerehabilitation in pain and functional improvement, it demonstrated 
potential benefits in self-management, pain control, and functional 
recovery among KOA patients. This intervention offers high 
accessibility, good patient adherence, and significant cost-effectiveness, 
making it particularly advantageous for older adult patients with 
mobility limitations or those residing in remote or underserved areas.

Although this study holds considerable reference value, several 
limitations remain. First, the high heterogeneity among the included 
studies constrained our ability to provide a single definitive explanation 
for the overall effect. These influencing factors may stem from 
intervention content, frequency, and duration. Although a single 
outcome scale was used for each analysis, and sensitivity analyses and 
random-effects models were employed to mitigate these effects, the 
influence of potential confounding factors cannot be excluded. Second, 
despite detailed analysis of small sample sizes, the number of included 
RCTs remains limited (n = 12). Finally, certain analyses (e.g., KOOS 
total) were constrained by the small number of included studies, 
reducing statistical power. Moreover, limited long-term follow-up data 
for remote rehabilitation precludes comprehensive assessment of 
sustained efficacy. Therefore, future studies should incorporate larger, 
high-quality RCTs with standardized protocols and extended 
follow-up periods to further evaluate long-term therapeutic outcomes.

5 Conclusion

The results of this study suggest that tele-rehabilitation 
interventions have a positive trend toward pain relief and functional 
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improvement in middle-aged and older adult KOA patients, but the 
current evidence is insufficient to demonstrate significant superiority. 
With its high accessibility, compliance, and cost-effectiveness, tele-
rehabilitation provides a viable alternative or complementary 
rehabilitation pathway for KOA patients. Future studies should 
further develop high-quality RCTs with standardized design, 
adequate sample size, standardized intervention protocols, and 
extended follow-up periods to clarify the optimal form of 

intervention, frequency, and long-term effects of tele-rehabilitation 
so as to provide a more solid evidence-based basis for clinical 
practice. Based on the forest plot results, remote rehabilitation 
interventions generally contribute to improving pain and functional 
outcomes in patients with KOA. Specifically, the effect size for pain 
improvement assessed by the VAS pain scale was SMD = −0.57 (95% 
CI: −1.25 to −0.10), indicating that remote rehabilitation 
interventions can significantly alleviate pain. The effect size for the 

FIGURE 6

(A) Forest plot of KOOS total change values (using random effects model). (B) Sensitivity analysis of KOOS total (using random effects model). 
(C) Funnel plot of KOOS total. (D) KOOS total regression plot (Egger’s linear regression). (E) KOOS total publication bias test (Egger’s linear regression).
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pain dimension on the WOMAC pain scale was SMD = −0.08 (95% 
CI: −0.98 to −0.83), while the effect size for the WOMAC function 
scale was SMD = −0.44 (95% CI: −0.88 to 0.00), suggesting a positive 
trend toward functional improvement but with marginally significant 
differences. The effect size for the KOOS total score was SMD = 0.52 
(95% CI: −0.37 to 1.40), suggesting an upward trend in patients’ 
quality of life in some studies. Overall, remote rehabilitation 
intervention demonstrated positive effects on pain and 
functional improvement.

Sensitivity analysis revealed that the overall effect direction 
remained consistent after sequentially excluding individual studies, 
and no single study exerted a decisive influence on the overall 
conclusion, indicating that the findings were robust. Furthermore, 
neither the funnel plot nor Egger’s regression test detected significant 
publication bias, which supports the reliability of the overall 
conclusion. Although some studies exerted a certain influence on the 
combined effect and heterogeneity, they did not substantially alter the 
overall trend. Therefore, the evidence indicates that the conclusions 
regarding the effectiveness of telerehabilitation in improving pain and 
function in patients with KOA are both robust and credible.
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