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Abstract

Background: Postoperative rehabilitation is essential to improve quality of life (QoL), pain control, and upper limb function
in women undergoing surgery for breast cancer (BC). Telerehabilitation has emerged as a promising aternative to conventional
rehabilitation, especially in patients with limited access to care, but its comparative efficacy remains uncertain.

Objective: This study aimed to evaluate the effectiveness of telerehabilitation compared with standard care or no treatment in
improving QoL, pain, handgrip strength, and upper limb function in women undergoing BC surgery.

Methods: We conducted a systematic review and meta-analysis following PRISMA (Preferred Reporting Items for Systematic
Reviewsand Meta-Analyses) 2020 guidelines. Weincluded 11 randomized controlled trials, of which 5were€eligiblefor quantitative
synthesis. Risk of biaswas assessed using the Cochrane risk-of-biastool for randomized trials version 2 (RoB2), and the certainty
of evidence was evaluated using the Grading of Recommendations Assessment, Development and Eval uation approach. Outcomes
assessed included QoL pain, grip strength, and upper limb function.

Results: Telerehabilitation significantly improved QoL (standardized mean difference [SMD] 0.59; 95% CI 0.24-0.95; moderate
certainty) and grip strength (mean difference [MD] 2.93; 95% Cl 0.82-5.04 kg; low certainty), and significantly reduced pain
(SMD -0.50; 95% CI —0.79 to —0.22; low certainty). No significant difference was observed for upper limb function (SMD -0.86;
95% CI —2.02 to 0.31; low certainty).

Conclusions. Telerehabilitation is an effective and viable intervention for improving QoL, reducing pain, and enhancing grip
strength in women following BC surgery. However, itsimpact on upper limb function remains inconclusive and requires further
investigation.

Trial Registration: PROSPERO CRD42024545075; https://www.crd.york.ac.uk/PROSPERO/view/CRD42024545075

(JMIR Rehabil Assist Technol 2025;12:e77161) doi: 10.2196/77161
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Introduction

Breast cancer (BC) is the most frequently diagnosed cancer in
women: anincidence analysis of 2020 reported that BC became
the most frequently diagnosed cancer worldwide, with an
estimation of 2.26 million of new cases [1]. In Italy, it is the
neoplasm with the highest incidence and represents the main
cause of death from cancer in women [2]. Therefore, some
recent predictionsand analyses[3,4] suggested that theincidence
of new cases will increase to over 3 million cases annually by
2040. Due to its high incidence and future predictions, BC is
considered a cause for global concern.

Advancesin early diagnosis and treatment have led to increased
survival after diagnosis, resulting in many more women living
with the outcomes of surgical treatment of the condition. The
disorders most frequently encountered after breast surgery are
postoperative pain (68% of patients), followed by
musculoskeletal problems and functional limitations in the
shoulder (59% of the population after mastectomy and
guadrantectomy) and a reduction in range of motion (ROM)
and muscle strength in 24%-53% [5]. Other complications
reported include “axillary web syndrome,” which can cause
pain and movement limitations [6]; lymphedema reported with
a prevalence of 6%-52% especially after axillary lymph node
dissection; kinematic alterationsthat may contribute to the future
development of rotator cuff tendinopathy [7]; scapulohumeral
dyskinesia, proprioception deficit, postural alterations and
reduction in perceived quality of life (QoL) [8].

Literature suggeststhat early postoperative exerciseis safe and
can improve shoulder function; however, uncertainty remains
regarding the optimal type and dosage, timing of delivery, and
effectiveness in terms of cost-benefit ratio of the rehabilitation
intervention [9-11].

Among the various rehabilitation approaches, tel erehabilitation
has shown its effectiveness in ensuring continuity in the care
of fragile patients, and after BC surgery during the SARS
COVID-19 pandemic period [12]. However, telerehabilitation
seemsto represent an aternativefor al those patientswho have
difficulty reaching treatment locations, minimizing barriers,
such as distance, time, and costs, and facilitating rapid and
reducing costs, even after the pandemic era[13,14].

Recent systematic reviews (SRs) have investigated the use of
telerehabilitation [15] or eHealth systems [16], such as
videoconferencing or counseling and their impact on patients:
in the review with meta-analysis conducted by Peng et al [15],
telerehabilitation seems to have a significantly positive effect
on physical activity (PA), performance, fatigue, and QoL
compared with the usual care. Therefore, it is important to
highlight that anthropometric body composition and pain did
not differ significantly between the 2 groups: these data could
confirm the noninferiority of telerehabilitation compared with
usual care.

Therefore, eHealth seems to also have a positive impact on
psychosocial domains: Wen et al [16] highlight that patients
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undergoing eHealth have a significantly higher QoL and an
improvement in physical and socia rolesand emotional domains
of QoL, even if these subitems have not reached statistical
significance.

However, SRs [15-18] have not analyzed the effectiveness of
this treatment in improving pain, QoL, or function in this
population, despite several studies having been published on
thetopic[12,19,20]. Therefore, summarizing the results obtained
from the studies becomes fundamental to verify the possibility
of using this approach as a rehabilitation method for patients
post BC surgery.

The main goal of this SR is to investigate the effects of
telerehabilitation treatment in women undergoing surgery for
BC, in the recovery of QoL. The primary aim is to determine
whether telerehabilitation improves QoL compared with (1)
conventional, center-based rehabilitation and (2) no
rehabilitation. Secondary aims are to assess the effects of
telerehabilitation on pain, upper-limb function, shoulder ROM,
body composition or weight, and postoperative complication
rate, relative to (1) conventional rehabilitation and (2) no
rehabilitation.

The hypothesis is that telerehabilitation will be noninferior to
conventional rehabilitation and superior to no rehabilitation for
QoL ; for secondary outcomes, effects will be comparable with
conventional care and greater than no rehabilitation, with similar
complication rates between telerehabilitation and conventional
care, and higher where no rehabilitation is provided.

Methods

A comprehensive literature review was conducted, accompanied
by a meta-analysis, in accordance with the methodological
principles set forth in the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) 2020 checklist
(Multimedia Appendix 1) [21].

Search Strategies

A bibliographic search was performed on July 23, 2024, using
the following databases: US National Library of Medicine
(PubMed or MEDLINE), SCOPUS, Web of Science, and the
Cochrane Database of Systematic Reviews. No temporal
restrictionswere applied for theinclusion of articles. The study
question was framed using the Population, Intervention,
Comparison, and Outcome (PICO) model [22] availablein Table
1. Medical Subject Headings terms and keywords were used
for the search string, in accordance with the specifications of
each consulted database (Multimedia Appendix 2). To
strengthen the research, reference lists from both the selected
studies and pertinent literature reviews on the subject were
examined as well. The primary goal was to investigate the
effects of tel erehabilitation treatment compared with other forms
of treatment and with no treatment in terms of pain, upper limb
functionality, and QoL. The secondary goal was to determine
if thereisadifference in the rate of complications among those
who underwent telerehabilitation treatment, other forms of
treatment, or no treatment.
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Table 1. Population, Intervention, Comparison, and Outcome model.
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Domain Description

Population Women undergoing surgery for breast cancer
Intervention Tele-rehabilitation treatment

Comparison Other treatments, no treatment

Outcomes

Improvement in terms of QoL2, pain, function, complications incidence, and body weight composition

8QoL: qudlity of life.

Eligibility Criteria

This SR included (1) articles in English and Itaian; (2)
randomized controlled trials (RCTs); (3) studies that included
apopulation of adult women (age >18y) who underwent surgery
for BC; (4) telerehabilitation treatment versus other types of
treatment or no treatment; and (5) studies that measured the
effects of the treatmentsin the domains of QoL, pain, function,
complications incidence, and body weight composition.

All RCT studies that included a group undergoing
telerehabilitation treatment compared with one or more groups
undergoing other types of treatment or no treatment were
included. Telerehabilitation treatment refersto al rehabilitation
interventions delivered remotely, even without direct supervision
by health care personnel. Telemonitoring interventions (eg,
monitoring of symptom variations such as pain and
exercise-related fatigue) were also included.

All publications that had one or more of these elements were
excluded: (1) articles written in languages other than English
or Itaian; (2) non-RCT studies, observational studies, case
reports, case series, narrative reviews and overviews, study
protocols, SRs, meta-analyses, and gray literature; (3) pediatric
population (age <18y); and (4) conference papers.

Selection Process

Duplicates were initially identified and removed using the
Rayyan web app for SRs [23]. Two reviewers (FS and BC)
independently assessed thetitlesand abstractsto determinetheir
eigibility. At the end of this phase, the 2 reviewers examined,
always independently, the full text of the articlesto verify their
digibility criteria. After selecting the studies to include, data
were extracted. Any discrepancies or disagreements between
the 2 reviewers in the previous phases were discussed and
resolved with the help of athird reviewer (MB).

Study Risk of Bias Assessment

The Cochrane risk-of-bias tool for randomized trials version 2
(RoB 2) [24] was used to assess articlesincluded in this SR. To
consider all potential areas of bias, the 5 items of the tool (the
randomization process, deviations from the intended
interventions, missing outcome data, measurement of the
outcome, and selection of the reported result) were evaluated
as “low,” “some concerns,” or “high.” A proposed judgment
about therisk of bias arising from each domain is generated by
an agorithm based on answers to the signaling questions. Two
authors (FS and BC) independently evaluated the RCTs
included. Any disagreements that arose between the primary 2
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reviewers were resolved through discussion or with a third
reviewer (MB).

Statistical Analysis

For continuous variables, the mean was calculated according
to the guidelines of the Cochrane Handbook for Systematic
Reviews of Interventions version 6.3 [25]. If the results were
reported as median, IQR, mean value, or 95% ClI, a conversion
was applied. For studies with incomplete or not directly
accessible data, an attempt was made to contact the
corresponding author for feedback. In case of no response or
inability to providefurther data, the articles were excluded from
the review. A random-effects model was used a priori due to
anticipated clinical and methodological heterogeneity among
included studies, including differencesin intervention duration
and outcome measures. This choice is consistent with
recommendationsthat the use of random-effects model s should
be based not only on statistical heterogeneity, but also on
conceptual considerations [26]. We prespecified subgroup
analyses for follow-up time (end of treatment, approximately
12 weeks and 24 weeks) in outcomes reported at multiple
timepoints. Where sufficient data were available (=3 studies
per subgroup), we aso planned subgroups by outcome
instrument family (eg, Functional Assessment of Cancer
Therapy vs European Organisation for Research and Treatment
of Cancer [EORTC] for QoL) to examine whether the choice
of measurement tool influenced pooled effects. Additional
subgroup or sensitivity analyses (eg, by comparator
type—standard care vs no rehabilitation and by telerehabilitation
delivery mode—synchronous, asynchronous, and hybrid) were
considered exploratory and conducted only when >2 studies
informed each category. All analyses were performed using
Review Manager (RevMan) version 5.4 (Cochrane
Collaboration, 2020), which was used for meta-analyses, forest
plots, and chi-squaretestsfor subgroup differences. GRADEpro
(guideline development tool; Evidence Prime) was used to
generate evidence profiles and a summary of findings.

Certainty of Evidence

The certainty of evidencefor each outcome was eval uated using
the Grading of Recommendations Assessment, Devel opment
and Evaluation (GRADE) approach [27]. In total, 5 domains
were considered: risk of bias, inconsistency, indirectness,
imprecision, and publication bias. Evidence profiles and
summary of findingstableswere generated with the GRADEpro
guideline development tool.
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Results

Study Selection

A total of 4617 studies were found after the systematic search
of online databases. From duplicate analysis conducted using
Rayyan online software, 1414 articles were deleted.

After the analysis of title, abstract, and keywords, 3045 articles
were excluded since they did not meet the inclusion criteria
(background article: 1777, wrong outcome: 527, wrong
publication type: 383, wrong study design: 253, wrong
population: 133, wrong drug: 43, and foreign language: 11).
Therefore, 158 articleswere analyzed in detail through full text

Santacaterina et al

screening to verify their eligibility: 37 studies were excluded
dueto the publication type (ie, study protocol), 14 were excluded
because the study design did not meet the inclusion criteria, 31
articles were excluded because their population was different
from patients undergoing BC surgery, 33 articleswere excluded
because their intervention did not meet the PICO question, and
32 articles were excluded because the outcomes did not meet
the PICO question and the inclusion criteria. At the end of the
screening process, 11 RCTs [28-38] were selected as they met
all the eligibility criteria

The study selection process and the included trials are reported
in Figure 1.

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

Identification of studies via databases and registers

)

Study Char acteristics

A tota of 11 RCT studies [28-38] were included and
summarized in this SR.
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Thearticleswere published between 2016 [30] and 2023 [36,37].
A total of 748 women who underwent BC surgery wereenrolled
inthe control and experimental groups. Table 2 summarizesthe
sociodemographic and clinical characteristics of participants
across the included studies.
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Table 2. Sociodemographic characteristics.
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Study

Country N

Intervention Control

Age (y), mean (SD)

Intervention Control

Gender

Cancer stage, n (%)

Surgery type, n (%)

Cinar et
al [28]

deAviz
eta
[38]

Dong et
al [29]

Gdiano-
Cadtillo
etal
[30]

Gdiano-
Cadtillo
etal
[31]

Hou et
a [32]

Loubani
et al
[33]

Ochi et
a [34]

Park et
a [35]

Swartz
eta
[36]

Zhou et
al [37]

Turkey

Brazil

China

Spain

Spain

Taiwan

Israel

Japan

South
Korea

United
States

China

31 33
24 20
26 24
40 41
40 41
53 59
18 17
25 25
50 50
10 10
56 55

457(9.0)  459(83)
48 (6) 52 (7)
480(55)  516(7.5)
47 (10) 46 (10)

47 (10) 46 (10)
_b —
480(11.1) 521(128)
48 (6) 49 (5)
426(9.1)  47.3(86)
63.8(64)  638(6.4)
49.84(88)  49.98(9.8)

Women
only

Women
only

Women
only

Women
only

Women
only

Women
only

Women
only

Women
only

Women
only

Women
only

Women
only

1: 9(29) vs 12 (36.4)
2:12(38.7) vs 12
(36.4)
3:10(32.3)vs9(27.2)

1-3 (ligibility)

1:6(23.1) vs10 (41.7)
2:18(69.2) vs 10
(41.7)

3:2(7.7) vs4 (16.7)

1: 28 (34.6)
2: 42 (51.9)
3A: 10 (13.5)

1: 28 (34.6)
2: 42 (51.9)
3A: 10 (13.5)

2 (most frequent): 44
(39.3)

1:2(11.1) vs 6 (35.3)
2:10 (55.6) vs5(29.4)
3:6(33.3) vs 6 (35.3)

1: 36 (72)
2A: 14 (28)

Not reported

Stage 0: 2 (11.1)
1: 8 (44.4)
2:4(222)
3:4(222)

1: 34 (30.6)
2:59 (53.2)
3:18(16.2)

Mastectomy 38.7%
(12/31) vs 36.4%
(12/33)

BCSa61.3% (19/31) vs
63.6% (21/33)

Mostly quadrantecto-
my

Axillary dissection fre-
quent

Not specified

Lumpectomy 42%
(34/81)
Quadrantectomy 34.6%
(28/81)

Mastectomy 23.5%
(19/81)

Lumpectomy 42%
(34/81)
Quadrantectomy 34.6%
(28/81)

Mastectomy 23.5%
(19/81)

BCS 67.9% (76/112)
Chemo 65.2% (73/112)
RTb 66.1% (74/112)
Endocrine 53.6%
(60/112)

Lumpectomy 55.6%
(10/35) vs 76.5%
(13/35)

Mastectomy 44.4%
(8/35) vs 23.5% (4/35)

Not specified

ALNDc 44% (22/100)
VS 34% (17/100)
Immediate reconstruc-
tion 78% (78/100) both
groups

Mixed, not detailed
(with adjuvant
CTd/RT)

MRMe 36% (40/111)
Total mastectomy
45.9% (51/111)

8BCS: breast-conserving surgery.
PNot available.

https://rehab.jmir.org/2025/1/e77161

RenderX

JMIR Rehabil Assist Technol 2025 | vol. 12 | e77161 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

bRT: radiotherapy.

CALND: axillary lymph node dissection.
deT: chemotherapy.

EMRM: modified radical mastectomy.

Theinterventions analyzed were highly heterogeneousregarding
the types of instruments used, training frequency, intensity, and
duration. However, they can be classified according to the
method of therapy delivery.

Intotal, 5 studies[28,29,32,34,38] based their interventions on
mobile apps, abeit in different therapeutic approaches. For
instance, Cinar et al [28] designed a mobile app that offered
information, advice, and consultations from qualified nurses,
alongside daily reminders. In contrast, Dong et al [29] used a
step-tracking app for monitoring PA, complemented by remote
video instructions for muscle training and supportive messages
via sociad media, while de Aviz et a [38] performed an
asynchronous treatment with the sending of exercisesviainstant
messaging app, in order to induce physical improvements, in
the QoL and reduce fatigue and pain in postoperative patients
with BC.

Only the studies of Galiano-Castillo et al [30,31] focused on a
web-based intervention, using the e-CUIDATE system, which
provided a personalized exercise program accessible through a
secureonlineinterface, while Zhou et a [37] used amultimodal
care program viaWeChat (Tencent Holdings Limited), including
relaxation training, expression of feelings, and social support.

The remaining studies [33,35] combined several rehabilitation
interventions: Park et a [35] used the Xbox One Kinect
(Microsoft), integrating it with virtual reality experiences,
Loubani et a [33] blended clinical sessions with home-based
telerehabilitation through the Kinect-based CogniMotion system

https://rehab.jmir.org/2025/1/e77161
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(ReAbility Online, Gertner Institute, Sheba Medical Center,
Ramat Gan, Isragl) for both motor and cognitive exercises, while
Swartz et al [36] combined virtual exergaming via SecureVideo
with PA behavioral coaching.

It is important to highlight that nearly all the studies provided
patient education within their interventions. This may include
individualized information delivered through online coaching
sessions [36], content available via mobile apps [28,29,32] or
instant messaging apps[38], or combined methods using email
and apps [34], as well as online consultations using platforms
such as WeChat [37], exercise guidelines, or written
recommendations[35]. Galiano-Castillo [30,31] reported having
conveyed the significance of the exercise program in the context
of post-BC rehabilitation to the study cohort.

Therefore, the studies proposed avariety of exercises as part of
their rehabilitative interventions for women with BC. Among
these, the main types include video game-based PA [36],
specific exercisesfor the upper limbs[29,33,35,37,38] or lower
limbs, cardiorespiratory training [29], high-intensity interval
training [34], rel axation exercises and guided imagination [28],
and both resistance and aerobic training [30,31]. Naturaly, the
choice of exercises depends on the specific objectives of the
study, such asimproving physical function, QoL, or ROM.

Table 3 provides a comprehensive summary of the RCTs
included in this review, detailing study design, sample
characteristics, type and duration of interventions, comparators,
outcome measures, and main findings.
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Table 3. Summary table for randomized controlled trials.
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Study Design and aim Participants Intervention Outcome Results
Exp?  cmP  Exp Curl
Cinaret « Design: RCTc. n=31; n=33; Routine care plusthe Routine care. Timepoints: base- Exp improved QoL
a[28] « Aim: Todeter- mean mean access to the educa- line, before inter- after intervention
minetheeffect aged46 age45 tiona contentsandre- vention (T0), and (P=.001) whilectrl
of mobile (SD8) (SD9) Ilaxationexercisesand after 12 weeks decreased (P=.003).
app—based y y guided imagery appli- (T1). Similarly, distress
training on the cations on the mobile QoL: FACT-ESe improved in exp
QoLd in wom- app whenever they Quiality of Life group and between
en with breast wished. Thetreatment Scale; Distress group significant
cancer using group received sup- Thermometer difference was
endocrine hor- portive care for 12 Scores found (P=.03).
monal therapy weeks including
(EHT). symptom management
and specialist nurse
counseling.
deAviz . Design: RCT. n=24; n=20; Patientsreceived exer-  Patients received Timepoints: base- Between-group
eta o Aim: Totest mean mean cisevideos(sameexer-  aprinted explana line (TO), and at 4 comparison showed
[38] the effects of aged8 age52 cisesasctrl) viain- tory leaflet with weeks (end of better resultsin exp
telerehabilita (SD6) (SD7) stant messaging apps guidelinesfor treatment; T1). for FACT-G
tiononupper y y including active-free  postoperative QoL: FACT-Gf. (P=.002), pain
limb functional- shoulder exercises care, including Pain: VASg (P=.004), DASH
ity, muscle (flexion, extension, home exercises Upper-extremity (P=.001), FACT-F
strength, shoul- abduction, adduction, (same as exp), functioning: (P=.001), shoulder
der range of and rotations), use of  recommendations DASHh, shoulder flexion (P=.01), and
motion (ROM), ball and wall support  for arm care on muscle strength abduction (P=.03).
QoL, pain and (early postoperativeO- the surgical side tested with aniso- No between group
fatigue against 15 days). Afterwards, (early postopera- metric dynamome- differences for the
anin-personre- patients received a tive 0-15 days). ter. other muscle
habilitation in structured telerehabili-  Afterwards, pa- Fatigue: FACT-Fi strength tested.
postoperative tation protocol, also  tientsbegan face-
patients with viainstant messaging to-face physio-
breast cancer. including active-free  therapy sessions,
andresistanceexerciss  which included
esfor upper andlower active-free and
limbs, and aerobicex- resistanceexercis-
ercises. Weekly video esfor upper and

callswereimplement-
ed to monitor adher-
ence, answer ques-

lower limbs, aero-
bic exercises. In-
tervention dura-

tions, and check for  tion: 4 weeks.
adverse events. Inter-  Frequency: 2 ses-
vention duration: 4 sions per week (8
weeks. Frequency: 2 sessionstotal).

sessions per week (8
sessions total).
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Study Design and aim Participants Intervention Outcome Results
Exp?  cmP  Exp Curl
Donget . Design: RCT. n=26; n=24; Muscletraining con-  Traditional treat- «  Timepoints: base- Exp group improves
af[29] +« Aim:Toesti- mean mean sisting of face-to-face  ment and rehabili- line (TO) and after significantly respect
matetheeffects aged48 age52  televideoinstruction  tation according 12 weeks (T1). toctrl in SF-36 sub-
of acombined (SD6) (SD7) onphysica exercise todaily specifica «  QoL: SF-36j. domain of vitality
exerciseinter- y y rehabilitationwasper- tionsof thehospi- «  Functiona: SPSD- (P=.009), mental
vention based formed 3 times per tal. Started after CTk; hedlth (P=.001), and
on internet and week in 30-minses-  surgery butnot . Muscle strength: reported health tran-
social media sions, including5min  specified the ex- ALTI; sition (P=.048).
software warm-up, 20 min act day of initiae «  Cardiorespiratory Similarly, exp group
(CEIBISMYS) muscletraining, and5 tion. Intervention capacity: improvessignificant-
on QoL, mus- min relaxation. Each  duration: 12 VO2maxm. lyinSPSDCT at T1
clestrengthand time; cardiorespirato- weeks. with respect to ctrl
cardiorespirato- ry training (4 ses- group (P=.001) in
ry capacity in sions/week, step- ALT (P=.02).
postoperative recording app); reha No between group
patients with bilitation knowledge differences for
breast cancer. pushed daily via so- VO2max (P=.15).
cia mediaapps. Start-
ed after surgery but
not specified the exact
day of initiation. Inter-
vention duration: 12
weeks.
Gdiano- « Design: RCT. n=40; n=41; Telerehabilitation Basicrecommen- «  Timepoints: base-
Cadtillo « Aim: Tocom- mean mean program through the  dations for exer- line (TO), after 8-
etd pareatelereha aged47 aged46 e CUIDATE system, ciseinwritten weeks (T1), and
[30] bilitation pro-  (SD 10) (SD 10) anonlinesystemthat format. Started after 6 months
gramwith usu- 'y y facilitiesthe develop-  after surgery. The (T2).
al carein breast ment of remotereha-  exactday of initi- «  QoL: EORTCn
cancer sur- bilitation. Theinter-  ation not speci- QLQ-C300
vivors. vention was managed fied. Intervention «  Pain: Brief pain
by CUIDATE re- duration: 8 inventory
search staff to assign~ weeks. o Upper-extremity

and check different
exercise programs.
The schedule consist-
ed of 3 sessions/wk
(on nonconsecutive
days) that lasted near-
ly 90 min/d. Theinten-
sity and volume of the
physical exercise
training were estab-
lished following the
recommendations of
the American College
of SportsMedicinefor
cancer survivors. Each
session contained a
battery of specific ex-
ercisesthat weredivid-
ed into 3 sections: (1)
warm-up, (2) resis-
tance and aerobic exer-
cisetraining, and (3)
cooldown. Interven-
tion duration: 8
weeks.

functioning: hand
grip dynamometer
strength test.

. Fatigue: R-PFSp
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Study Design and aim

Participants

Exp?

Ctrl®

Intervention

Exp

Ctrl

Outcome

Results

Gdiano- « Design: Sec-
Cadtillo ondary analysis
eta of RCT.

[31] « Aim: To com-
pareatelereha-
bilitation pro-
gram with usu-
al carein breast
cancer sur-
vivors.

n=40;
mean
age 47
(SD 10)
y

n=41,
mean
age 46
(SD 10)
y

Basic recommen-
dations for exer-
cisein written
format. Started
after surgery. The
exact day of initi-
ation not speci-
fied. Intervention
duration: 8
weeks.

Timepoints: base-
line (TO), after 8-
weeks (T1), and
after 6 months
(T2).

Functiona capaci-
ty: BMWT(q

Exp showed signifi-
cantly higher im-
provementsin QoL
of the domain of
global health status,
physical functioning
(both P=.001), role
functioning
(P=.001), cognitive
functioning, and
arm symptoms
(both P=.002) com-
pared with the ctrl
at T1. At T2 was
observed a mainte-
nance of effects (al
P=.05) except for
role functioning
(P=.17).

At T1, theexp
group reported sig-
nificantly lower
pain severity
(P=.001) and pain
interference
(P=.045) than the
ctrl group. At T2,
significant results
were maintained
only for paininter-
ference (P=.008).
At T1, exp handgrip
strength on the af-
fected and nonaffect-
ed sides improved
significantly (both
P=.006) compared
with the ctrl. This
improvement was
only maintained at
the 6-month follow-
up assessment on
the affected side
(P=.03)

AtT1, expim-
proved total fatigue
perception signifi-
cantly (P=.001)
compared with the
ctrl. Thisimprove-
ment was at T2
(P=.002).

Exp group had sig-
nificantly improved
distances (P<.001)
compared with the
ctrl group at T1. At
T2, the effect was
maintained
(P=.001).
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Study

Design and aim

Exp?

Participants

Ctrl®

Intervention

Exp

Ctrl

Outcome

Results

Hou et
a [32]

Loubani
eta
[33]

n=53;
mean

Design: RCT.
Aim: To evalu-
ate the effec-
tiveness of a
breast cancer
self-manage-
ment support
(BCSMS) app
on the QoL of
women with
breast cancer.

64y

Design: RCT.
Aim: To exam-
ine the effec-
tiveness of a
hybrid occupa-
tion-based inter-
vention (MaP-
BC) onimprov-
ing daily partic-
ipation upper
limb function
and QoL.

n=18;
mean

(SD

age 50-

age 48

11.1)y

n=59;
mean
age 50-
64y

n=17,
mean
age 52
(Sb
12.8) y

Telerehabilitation
program through the
e-CUIDATE system,
an online system that
facilities the devel op-
ment of remote reha-
bilitation. Theinter-
vention was managed
by CUIDATE re-
search staff to assign
and check different
exercise programs.
The schedule consist-
ed of 3 sessions/wk
(on nonconsecutive
days) that lasted near-
ly 90 min/d. Theinten-
sity and volume of the
physical exercise
training were estab-
lished following the
recommendations of
the American College
of SportsMedicinefor
cancer survivors. Each
session contained a
battery of specific ex-
ercisesthat weredivid-
ed into 3 sections: (1)
warm-up, (2) resis-
tance and aerobic exer-
cisetraining, and (3)
cooldown. Interven-
tion duration: 8
weeks.

BCSMS' mobile app,
started after pretest
data collection (base-
line). Participants
could use the app any
time as needed. The
app was developed
with 8 main features,
feature number 2 was
“exerciseand rehabili-
tation” after surgery.
Intervention duration:
3 months.

Hybrid managing par-
ticipation with breast
cancer (MaP-BCY)
consisting of 12 alter-
nating weekly in-clin-
ic and telerehabilita-
tion sessions. Started

3-24 months post-BC
diagnosis. Interven-
tion duration: 6
weeks.

Received the
same care from
hedth care profes-
sionals as the ex-
perimental group.
Intervention dura-
tion: 3 months.

Standard care on-
ly. Intervention
duration: 6
weeks.

Timepoints: base-
line (TO), 1.5
months (T1), and
3 months (T2).
QoL: EORTC
QLQ-C30 and
EORTC QLQ-
BR23s.

Timepoints: base-
line (T1), 6 weeks
(T2),and 12
weeks (T3).
Participation:
COPMv.

Activity levels:
ACSw.

QoL : FACT-Bx.
Upper-extremity
functioning:
DASH; grip
strength

Exp showed signifi-
cantly higher mean
total QoL summary
scores from the
EORTC QLQ-C30
(83.45vs 82.23,
P=.03) and the
QLQ-BR23 (65.53
vs63.13, P=.04) at
T2 compared with
thectrl.

Both groups showed
improvementsin
QoL and symptom
scores.
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Study Design and aim Participants Intervention Outcome Results
Exp? Cirl® Exp Ctrl
Significant interac-
tion (groupxtime)
effects were found
for the primary out-
comein COPM per-
formance (P=.001)
and performance
satisfaction (P=.02).
Exp had greater im-
provement between
Tland T2inperfor-
mance and QoL
compared with the
ctrl group.
Both groupsim-
proved DASH over
time (P<0.001) but
with no groupxtime
effect (P=.16). Grip
strength showed no
time(P=.17) and no
groupxtime (P=.21)
effect.
Ochiet « Design:RCT. n=25 n=25, Homebased HITY  Self-monitoring «  Timepoints: base- No between-group
a[34 +« Aim:Todeter- mean mean and behavioral modifi- using the wear- line (TO) and 12 differencesin QoL
minewhethera age48  age49  cqion (Habit-b) with aPledevice, a weeks (T1). at T1 (P=.25). Both
home-based (SD6) (SD5) counseling or exercise smart-watch (Fit- «  QoL: EQ-5D total groups show im-
smartphone-  y y guidance and support  Pit Versa score. provementsin QoL
supported high provided viapersona- [Googlé]). o Upper-extremity (exp: —0.03; ctrl
intensity inter- ized email and anew- functioning: -0.06).
val training ly developed smart- «  Grip strength: as- No between-group
(HIT) im- phone app. Interven- sessed through a differences in body
proves car- tion duration: 12 dynamometer. composition both
diorespiratory weeks (3/week). «  Body composi- for body mass and
fitness (CRF) tion: BMI; body BMI at T1 (P=.25)
in early- stage mass (kg) andfor grip strength
breast cancer (P=.53).
Survivors.
Park et o Design: Multi- n=50; n=50; Telerehabilitationwas Brochuredetail- «  Timepoints: base-
a [35] center RCT. mean mean provided through the  ing the same dai- line (TO), 4 weeks
« Aim:Toevau- aged43 aged47 AR-based UINCARE ly exercise pro- (T1), 8 weeks
ate the effec- (SD9) (SD9 Homeandrehabilitaa gramusedforthe (T2), and 12
tivenessinim- y y tion systemwhichus-  exp group. The weeks (T3).
proving shoul- esthe Xbox One brochureinclud- « QoL: FACT-B;
der ROM, pain, Kinect for Windows. ed pictures and EQ-5D-5L scores
function and The exercise program  brief descriptions «  Upper-extremity
QoL of atelere- consisted of 2 parts  of each exercise. functioning:
habilitation with 2 difficulty levels  Theexercisediffi- Shoulder abduc-
therapy using each (total of 4 lev- culty level was tion and flexion
an ARz-based, els). Each exercise determined ac- ROM; Quick-
real-time inter- level wascomposed ~ cording to there- DASHaa score
active digital of warm-up, main sults obtained o Pain: NRSab
health care sys- workouts, and cool-  over thefirst 4
tem (UIN- down components. weeks. Interven-
CARE Homet) Theexerciselevel was tion duration 8
with a determined according  weeks.
brochure-based to the results obtained
homerehabilita- over thefirst 4 weeks.
tion programin Intervention duration
postoperative 8 weeks.
patients with
breast cancer.
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Study Design and aim Participants Intervention Outcome Results
Exp? Cirl® Exp Ctrl

«  All outcomesim-
proved over time.

«  No between-group
(groupxtime) differ-
ences for shoulder
active and passive
ROM: active
(P=.15) and passive
flexion (P=.68); and
active (P=.41) and
passive abduction
(P=.44).

o Similarly, Quick-
DASH revesaled no
between group dif-
ferences (P=.97).

« Nosignificant
group differences
were observed for
pain (P=.56) and for
most intense pain
(P=.64).

o  Similarly, nosignif-
icant group differ-
enceswere detected
in the EQ-5D-5L or
FACT-B scores
(P=.14 and P=.24,
respectively)

Swartz « Design: Pilot  n=10; n=10; 12 weekly virtual ses- 12 weekly telee o  Timepoints: at «  Expshowed moder-
etal RCT. mean mean sions consisting of phone-based baseline, week 6, ate effect sizes for
[36] « Aim: Todeter- age64.9 age626 avG-PA% (Pink breast cancer and week 13. (1) SPPB: Cohen
minefeasibili- (SD8) (SD Warrior 2) pAd pe support group o  Physical activity: d=1.06 and (2) 2-
ty, acceptabili- y 42)y havioral co’achin and discussions. Par- average dally minute step test Co-
ty and estimate - A 9. ticipants were steps, average hen d=0.61; and
the effectson sgrvnv_orshnp navigar provided a Xiao- minutes of MV- small effect sizes
physical activi- tion discuissions mi Mi Band 3 PAae measured by for (1) gait speed
ty (PA) and which delivered accelerometers. Cohen d=0.46, (2)
physical func- progressivestep «  Physical Function: TUG Cohen d=0.43,
tion of an Ac- goal notifications gait speed, SPP- and (3) MVPA Co-
tive Video and a“reach Baf, TUGag test, hen d=0.27.
Game-Based goa” badge and 2-minutestep. o  ActiGraph data
Physical Activi- when a person from both groups
ty (AVG-PA) reaches the step showed higher MV-
interventionin goal. PA, but lower step
breast cancer counts were found
SUrvivors. among the exp
group participants.
Zhouet « Design: RCT. n=56; n=55; WeChat-based multi- Routinenursing «  Timepoints: at «  Expshowed higher
a[37] « Aim:Toinvesti- mean mean modal nursing pro- careincluding presurgery, 1-, 3-, improvement than
gatethebene- age age gram, including indi- health education, and 6-months post ctrl intotal FACT-
fitsof a 49.84 49.98 vidualized informa-  monitoring, and surgery Bv4.0 scores:
WeChat-based (SD (SD tion, surgical sideup- drainage tube « QoL: FACT- P<.001 (group), and
multimodal 885y 9.84)y perlimbexercise, care. Bv4.0ah P=.001
nursing pro- psychological guid- e« Pan:NRS (groupxtime). Pain
gramon hedlth- ance, and social sup- « Fatigue: NRS had only agroup-
related quality port, starting from o Sleep: NRS time interaction ef-
of life hospital admission to fect (P=.01).
(HRQoL) in 6 months post « Nodifferences for
postoperative surgery. fatigue (P=.24) and
women with sleep (P=.70).
breast cancer.
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%Exp: experimental group.

bCtrl: control group.

®RCT: randomized controlled trial.

onL: quality of life.

®FACT-ES: Functional Assessment of Cancer Therapy-Endocrine Subscale.
FACT-G: Functional Assessment of Cancer Therapy-General.

9VAS: visual analog scale.

PDASH: Disability of Arm Shoulder and Hand Questionnaire.

IFACT-F: Functional Assessment of Cancer Therapy-Fatigue.

ISF-36: Short Form Hedlth Survey 36.

KspsDCT: stand-up and sit-down chair test.

IALT: arm lifting test.

M™yO2max: maximal oxygen consumption.

"EORTC: European Organisation for Research and Treatment of Cancer.
%QLQ-C30: Quality-of-Life Questionnaire Core 30.

PR-PFS: Piper Fatigue Scale revised.

9BMWT: 6-Minute Walk Test.

'BCSMS: breast cancer self-management support.

SQLQ-BR23: Breast Cancer—Specific Quality-of-Life Questionnaire.
'MaP-BC: hybrid managing participation with breast cancer.

UBC: breast cancer.

VCOPM: Canadian Occupational Performance Measure.

WACS: Activity Card Sort.

XFACT-B: Functional Assessment of Cancer Therapy-Breast.

YHIIT: high intensity interval training.

ZAR: augmented redlity.

3QuickDASH: Quick Version of Disability of Arm Shoulder and Hand Questionnaire.
BNRS: numeric rati ng scale.

&AVG-PA: active video game-based physical activity.

pA: physical activity.

%MV PA: moderate to vigorous physical activity.

& SpPB: Short Physical Performance Battery.

TUG: Timed Up and Go.

AEACT-Bv4.0: Functional Assessment of Cancer Therapy-Breast version 4.0.

The characteristics of the included interventions were further  in the study by Park et a [35], intensity was not expressed
synthesized according to the Frequency, Intensity, Time, and through quantitative measures (eg, load, percentage of
Type framework, as reported in Table 4. While frequency and  one-repetition maximum, or rating of perceived exertion [RPE])
time or duration were consistently described across studies, but only described in terms of progression in ROM and the
intensity was often poorly defined or heterogeneous. Notably, introduction of active movements with or without dumbbells.
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Table 4. Frequency, intensity, time, and type summary of telerehabilitation interventions across the included randomized controlled trials. The table
reports the delivery mode or technology, exercise type, frequency, intensity, duration, supervision or adherence strategies, and comparator for each

study.
Study Delivery modeor  Type Frequency Intensity Timeor duration Supervision or ad- Comparator
technology herence
Cinareta  meglth®gppand Education, On-de- _b 12 weeks Nursesupport; app  Routine care
[28] nurse support lifestyle, relaxation mand logs
deAvizet Instant message ROMC upper and 2timesper Moderate (Borg 0- Approximately ~ Weekly video call  Printed manual +
al [38] app (aqcisevi deo  |ower limbs, resiss  Week 10) 40 min/session; 8 ?n-person rehabil-
Or EXErCiSe Proto-  ance and aerobic weeks itation
col) training
Dongeta Faceto-facetelev- Education, Daily RPEY to assessthe  30-40 min/day;  Daily remotecheck  Traditional treat-
[29] ideo and social strengthening, en- cardiorespiratory 12 weeks ment and rehabili-
media app durance, muscle training tation
function, and car-
diorespiratory
training
Galiano- e-CUIDATE syss  Aerobic, resis- 3timesper Followingrecom- Approximately  Livesupervison  Printed informa-
Cadtilloet  tem (online sys- tance, and flexibili-  week mendations of the 90 min/session; 8 and adherence tion on stress
a [30] tem) ty ACSM®for cancer Weeks management and
Survivors physical fitness
Galiano- e-CUIDATE sys-  Aerobic, resis- 3timesper Following recom- Approximately  Livesupervision  Printed informa-
Cadtilloet  tem (online sys- tance, and flexibili-  week mendations of the 90 min/session; 8 and adherence tion on stress
a [31] tem) ty ACSM for cancer  weeks management and
survivors physical fitness
Hou et &l Mobile app and ROM, stretching, 5timesper Low Approximately ~ Weekly check Printed exercises
[32] weekly video calls and strengthening  week 30 min/session;
12 weeks
Loubani et Videoconference  ROM, stretching, Daily +2  Moderate Approximately ~ Livesupervision  Standard care
a [33] (CogniMotiontele- resistance, cogni- ~ weekly 45 min/session; 6
system) and in- tive abilities check weeks
clinic session
Ochi etal  Habit-B app, track- 11T traini ng and Daily + High 20-30 min/day;  App and wearable Self-monitoring
[34] er, and email education weekly 12 weeks logs using the wear-
check able device
Park etal UINCARE Home ROM, strengthen- 5timesper No information Approximately ~ Wearablelogsand Leaflet
[35] and rehabilitation  ing, posture week 30-40 min/ses- feedback
system (app and sion; 8 weeks
motion sensor)
Swartzet  Zoom (Zoom behavioral coach- 3timesper Moderateto high  Approximately — Livesupervison  Telephone-based
a [36] Communications) ing, exergames- week 45-60 min/ses- support group
livesessionsand  based activity ( sion; 12 weeks discussions
HRY tracker “Mind-body” “e-
fitness—based”),
and BC" support
Zhoueta WeChatandrou- ROM, stretching, Daily Low to moderate 6 months Weekly calls; app  Routine nursing
[37] tinenursing care  strengthening, edu- logs care

cation

@mHealth: mobile health.
BNot applicable.
°ROM: range of motion.

IRPE: rati ng of perceived exertion.

€ACSM: American College of Sport Medicine.
"HIT: high intensity interval training.

9HR: heart rate.
PBC: breast cancer.
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Sociodemogr aphic Characteristics

Acrossthe 11 RCTs, atotal of 748 women were included (373
allocated to telerehabilitation and 375 to control arms). The
mean age of participants spanned from the early 40s to the
mid-60s, with most cohorts representing middle-aged women,
although the US trial (Swartz et a [36]) recruited an older
sample (mean 63.8 y). Cancer stage was predominantly early
disease (stages 1-2), although several trials [36] aso included
patients at stage 3 or 3A. Surgical management varied:
breast-conserving surgery predominated in Taiwan (76/112,
67.9%) [32], whereas Turkish and Israeli cohorts [28,33]
reported mixed lumpectomy and mastectomy distributions, and
immediate reconstruction wasfrequent in the Korean multicenter
trial (78/100, 78%) [35]. Axillary lymph node dissection was
reported in theintervention group in the study by Park et al [35].
The 2 Spanish trials [30,31] recruited BC survivors who had
completed adjuvant therapy, with a balanced distribution of
lumpectomy, quadrantectomy, and mastectomy. In other cohorts,
details of surgical procedures were often sparse. Beyond age,
sex, stage, and surgery, additional sociodemographic descriptors
(eg, education, employment, marital status, ethnicity) were
underreported. Where available, most participantswere married
(69.1%), had a basic educational level (45.7%), and were
housewives or on medical leave [31]. Overal, basdine
characteristics were generally well balanced between
intervention and control groups within studies, supporting
internal validity. A full study-level summary is provided in
Table 2.

QoL

In total, 9 articles [28-30,32-35,37,38] assessed QoL as part of
their research. The most frequently used assessment was the
Functional Assessment of Cancer Therapy-Breast (FACT-B).
However, the specific version of the scale varied across studies.
For instance, Zhou et a [37] used version 4 of the FACT-B
scale, while Loubani et al [33] and Park et a [35] used the
original version. Meanwhile, Cinar et a [28] opted for a
different approach, using the Functional Assessment of Cancer
Therapy-Endocrine Subscale QoL scale, which is tailored for
endocrine symptoms and de Aviz et a [38] administered
Functional Assessment of Cancer Therapy-Genera (FACT-G).

The EORTC QoL questionnaireswere usedin 2 articles[30,32].
Galiano-Castillo et a [30] administered the EORTC
Quality-of-Life Questionnaire Core 30 (EORTC QLQ-C30).
Similarly, Hou et al [32] aso used the EORTC QL Q-C30, but
supplemented it with the EORTC Breast Cancer—Specific
Quality-Of-Life Questionnaire, amodul e specifically designed
for patients with BC.

The EQ-5D was another instrument used in 2 studies. Ochi et
al [34] assessed participants using the standard EQ-5D total
score, while Park et al [35] opted for the EQ-5D-5L version.

Only 1 study, conducted by Dong et a [29], used the Short
Form Health Survey 36 to evaluate QoL .

As illustrated in Table 3, the majority of studies
[28-30,32,33,37,38] reported significant improvementsin QoL
among participantsin the intervention groups. However, not all
findings were consistent. Of thetotal, 2 studies [34,35] did not

https://rehab.jmir.org/2025/1/e77161
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observe dtatistically significant differences between the
intervention and control groups, even though both groups
experienced some degree of improvement.

Functional and PA

All articles analyzed function and PA, abeit using different
evaluation and assessment methods. In general, PA was
measured using accel erometers, assessing mean daily stepsand
mean minutes of moderate to vigorous PA only by Swartz et al
[36].

Additionally, Swartz et al [36] used various performance tests
to evaluate the effect of their intervention on physical function,
including the Short Physical Performance Battery, gait speed,
Timed Up and Go test, and 2-minute step test.

Furthermore, 2 other articles used performance teststo measure
PA, in particular, Dong et a [29] used the Stand-Up and
Sit-Down Chair Test, while Galiano-Castillo et al [31] used the
6-Minute Walk Test (6BMWT).

In addition, 3 studies [33,35,38] used questionnaires to assess
upper limb function. Specifically, Loubani et a [33] and de
Aviz et a [38] used the Disability of Arm, Shoulder, Hand
(DASH) questionnaire, while Park et al [35] administered the
Quick Version of the Disability of Arm, Shoulder, Hand
(QuickDASH) questionnaire score.

Despite the methodol ogies, results indicated a moderate effect
size for the Short Physical Performance Battery and 2-minute
step test, along with small effect sizesfor gait speed, Timed Up
and Go test, and moderate to vigorous PA. Significant
improvementswere noted in the experimental groups as reported
by Dong et al [29], Loubani et a [33], and Galiano-Castillo et
al [31].

In contrast, Park et a [35] documented improvements over time
without significant differences between the 2 groups.

Intotal, 5 articles analyzed muscle strength. Specifically, Dong
et al [29] evaluated the upper limb strength using thearm lifting
test, while De Aviz et a [38] used a digital dynamometer to
measure shoulder joint flexion, extension, abduction, external
rotation, and internal rotation. Additionally, Loubani et al [33],
Ochi et al [34], and Galiano-Castillo et al [30] assessed handgrip
strength using a dynamometer.

Strength assessment resultsindicated significant improvements
in the experimental group asreported by Dong et al [29], while
deAviz et a [38] found enhancementsin both groups pertaining
to upper limb strength, without astatistical difference. Regarding
handgrip strength, Galiano-Castillo et a [30] reported significant
enhancement solely in the experimental group, which was
maintained at the 6-month follow-up. Ochi et al [34] showed
no significant differences in between-group analyses.

Of the total, 2 studies [29,31] examined the cardiorespiratory
capability: Dong et a [29] used the maximal oxygen
consumption, while Galiano-Cadtillo et al [31] used the 6-Minute
Walk Test to evaluate the functional capability. Theresultswere
inconsistent; the study by Galiano-Castillo et al [31] showed
significant improvementsin the intervention group during both
T1 and T2 evaluations compared with the control group, while
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Dong et al [29] found no differences between the groups at the
end of the intervention.

ROM was assessed by Park et a [35], specifically focusing on
shoulder abduction and flexion and by de Aviz et € [38] for
shoulder joint flexion, extension, abduction, external rotation,
and internal rotation.

Only Ochi et al [34] evaluated BMI and body massin kilograms.
Both studies reported no significant differences in
between-group analyses.

Table 3 presents the results of functional and physica
assessments.

Pain, Fatigue, and Kinesiophobia

In total, 4 articles [30,35,37,38] evaluated pain as an outcome
measure. Zhou et a [37] and Park et al [35] used the numerical
rating scale (NRS), while de Aviz et a [38] used the visual
analog scale, and Galiano-Castillo et al [30] applied the brief
pain inventory.

The findings across these studies were variable: 3 studies
[30,37,38] reported significantly lower pain in the experimental
group than the control group. It isimportant to underline that,
although the results did not present a statisticaly significant

Santacaterina et al

difference between the groups, in the study by de Aviz et al
[38], the patientsin the experimental group did not present pain
at the intermediate and final evaluation.

In contrast, Park et a [35] found no significant differences
between the groups.

Fatigue was assessed by Zhou et a [37] using the NRS,
Galiano-Castillo et al [30] using the revised Piper Fatigue Scale,
and de Aviz et a [38] using the Functional Assessment of
Cancer Therapy-Fatigue. Zhou et al [37] reported no significant
differences between the groups, while Galiano-Cadtillo et al
[30] and de Aviz et al [38] demonstrated a significant
improvement in total fatigue perception in theintervention group
compared with the control group, with this effect maintained
at follow-up (T2).

Table 3 presentsthe results of the assessmentsfor pain, fatigue,
and kinesiophobia.

Risk of Biasin Studies

Therisk of bias assessment with RoB2 [24] acrosstheincluded
studies revealed variability in methodological quality (Figure
2). Most studies, in the overall assessment, are at low risk of
bias, while 1 study [33] raises some concerns, and 1 study [29]
isat highrisk of bias.

Figure 2. Risk of Biaswith Cochrane risk-of-bias tool for randomized trials version 2 [28-38].

Study ID D1 D2 D3 D4 D5
Cinar el al 2021 e + + + +
de Aviz et al 2024 + + + + +
Dong et al 2019 + . ! ! !
Galiano-Castillo et al 2016 + + + + +
Galiano-Castillo et al 2017 e + + + +
Hou et al 2020 + + + + +
Loubani et al 2021 + + + + !
Ochietal 2021 + b + + +
Park et al 2023 + b + + +
Swartz et al 2023 e + + + +
Zhou et al 2020 + b + + !

Most studies demonstrated a low risk of bias in terms of
randomization and allocation concealment, suggesting robust
methodological designs. However, 1 study [29] seems to have
adopted a per-protocol analysis without a clear balancing of
dropouts, raising doubts regarding domain D2, deviations from
intended intervention, thus resulting in a high risk of bias. A
major limitation across multiple studieswas the lack of blinding
for both participants and intervention providers, which is
particularly relevant given the reliance on patient-reported
outcomesin tel erehabilitation interventions. Thisraises concerns
about performance and detection bias, potentially influencing
thereported effectiveness of interventions. Incomplete outcome
dataand selective reporting were generally well-managed, with
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most studies showing a low risk of bias in these domains,
ensuring transparency and data integrity. Nonetheless, other
biases, such as small sample sizes [36], lack of preregistered
protocolsin English [33,37], and possible confounding factors,
were present in some studies, warranting caution ininterpreting
their results. Overal, whiletheincluded studies provide valuable
insights into telerehabilitation for patients post BC surgery,
future research should prioritize improved blinding strategies,
objective outcome measures, and standardized reporting
protocols to enhance methodological rigor and reliability of
findings.
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Results of Synthesis

Overview

Inthismeta-analysis, weincluded only studies[30,33,35,37,38]
that evaluated the effectiveness of upper limb muscle strength
training via telerehabilitation compared with standard care in
patients undergoing surgery for BC. The rigorous selection of
articles ensured that only interventions using homogeneous
treatment modalities (upper limb muscle strength training) were
analyzed, thereby enhancing methodol ogical consistency across
the included studies. Regarding standard care groups (control
groups), results highlight asignificant effect of telerehabilitation
based on upper limb muscle strength training on QoL, pain,
function, and handgrip strength, demonstrating a clinically
relevant improvement compared with standard care at the end
of treatment. Asfor the outcomesrelated to QoL and pain only,
it was possible to analyze long-term effects through follow-up
data

Santacaterina et al

QoL

QoL was assessed in 4 studies [30,33,35,37,38] using the
FACT-B [33,35,37], FACT-G [38], and EORTC QL Q-C30[30]
at different follow-up points (end of treatment, 12 weeks, and
24 weeks). One additional study [29] was excluded from the
meta-analysis due to the use of a noncomparable outcome
measure (Short Form Health Survey 36).

The overall effect across all time points showed a statistically
significant improvement in favor of tel erehabilitation compared
with standard care (standardized mean difference[SMD] 0.61;
95% CI 0.41t0 0.80; P<.001), indicating amoderate effect size.
Subgroup analysis based on follow-up time (end of treatment,
12 weeks, and 24 weeks) revealed no statistically significant

differences between subgroups (x%=0.8, P=.67). Each
time-point analysis showed statistically significant results in
favor of telerehabilitation (Figure 3).

Figure 3. Forest plot of standardized mean differences for the outcome “quality of life” between telerehabilitation and standard care. Results are
stratified by time of follow-up assessment. A random-effects model was applied [30,33,35,37,38].

Telerehah Standard Care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 End of treatment
de Avizetal 2024 101.83 7.58 24 9183 1256 20 6.8% 0.97 [0.34, 1.60]
Galiano-Castillo etal 2016 738 2076 39 5045 2078 a7 9E6% 1.10 [0.61, 1.58] I —
Loubani et al 2021 9812 21.24 18 94499 16.28 17 B.3% 0.21 [-0.45, 0.88] —
Parketal 2023 10242 21.82 a0 9769 2289 a0 12.1% 0.21 [-0.18, 0.60] [ B —
Zhou etal 2020 106 11.73 56 9842 1659 55 12.5% 0.52 [0.15, 0.80] I
Subtotal (95% CI) 187 179 47.4% 0.59 [0.24, 0.95] —aii
Heterogeneity: Tau®=0.10; Chi*=10.50, df= 4 (P = 0.03); F= 62%
Test for overall effect Z=3.27 (P=0.001)
1.2.2 12 weeks follow up
Loubani et al 2021 100,75 23.05 18 9531 1638 17 B6.3% 0.26 [-0.40, 0.93] —
Parketal 2023 10591 21.45 50 9782 24.33 50 12.0% 0.35 [-0.05, 0.79] b e —
Zhou etal 2020 1106 10.05 o6 9896 15.69 55 12.2% 0.98[0.49,1.27] e
Subtotal (95% CI) 124 122 30.5% 0.54 [0.14, 0.93] Rl
Heterogeneity: Tau®=0.07; Chi*=4.41, df=2 (P=011); F= 55%
Testfor overall effect: Z= 2.64 (P = 0.008)
1.2.3 24 weeks follow up
Galiano-Castillo etal 2016 7286 19.93 3/ 5T 21T 36 9.8% 0.74[0.26,1.22]
Zhou etal 2020 117.31 11.41 56 10606 17.85 55 12.3% 0.75[0.36,1.13] I —
Subtotal (95% CI) 91 221% 0.75[0.45, 1.05] o
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 {P = 0.98); F= 0%
Test for owerall effect: £=4.87 (P = 0.00001)
Total (95% CI) 403 392 100.0% 0.61[0.41, 0.80] -
Heterogeneity; Taw?= 0.04; Chi*= 16.01, df= 9 (P = 0.07); F= 44% 51 —DI P 3 055 1’

Testfor overall effect: £= 6.08 (P < 0.00001)
Test for subgroup differences: Chi*= 0.80, df= 2 (P = 0.67), F=0%

Pain

In total, 4 studies (n=731) [30,35,37,38] assessed pain using
validated measures such as the visual analog scale [38], brief
pain inventory [30], and NRS [35,37] at various time points
(end of treatment, 12 weeks, and 24 weeks). The overall analysis
showed a statistically significant reduction in pain intensity in
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Favors [Standard care] Favors [Telerehah]

favor of telerehabilitation compared with standard care (SMD
—0.39; 95% CI —0.54 to —0.25; P<.001), indicating a small to
moderate effect size. Subgroup analysis by follow-up time
showed consistent results, with no statistically significant

differences between subgroups (x2,=1.0; P=.60). Each subgroup

showed a statistically significant effect of telerehabilitation
(Figure 4).
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Figure 4. Forest plot of the standardized mean differences for the outcome “pain intensity” between telerehabilitation and standard care. Results are
grouped by time of follow-up assessment. A random-effects model was used [30,35,37,38].

Telerehab Standard care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 End of treatment
Galiano-Castillo et al 2016 253 216 40 412 213 41 10.5% -0.73[1.18,-0.28]
Park et al 2023 023 074 A0 043 118 50 13.8% -0.20[-0.59, 0.19] I
Fhou etal 2020 1.91 2.07 a6 271 18 55 151% -0.41 [-0.79,-0.03] I —
de Aviz et al 2024 01 01 24 167 26 20 5.5% -0.88 [-1.50, -0.26]
Subtotal (95% CI) 170 166 44.9% -0.50 [-0.79, -0.22] B
Heterogeneity: Tau®= 0.03; Chi*= 4.88, df=3 (P=018), F= 38%
Test for overall effect 2= 3.47 (P = 0.0005)
1.1.2 12 weeks follow up
Park et al 2023 0149 068 a0 037 1.06 50 13.8% -0.20[-0.59, 0.19] I
Fhou etal 2020 192 149 A6 282 2.04 55 15.0% -0.45[-0.83,-0.08] e
Subtotal (95% CI) 106 105 28.8% -0.33 [-0.60, -0.06] e
Heterageneity: Tau*=0.00; Chi*=0.83, df=1 {P = 0.36); F= 0%
Testfor overall effect Z= 2339 (F=002)
1.1.3 24 weeks follow up
Galiano-Castillo et al 2016 283 22 40 3486 215 41 111% -0.33[0.77, 0.11] E——
Zhou etal 2020 163 286 a6 236 21 55 15.2% -0.31 [-0.68, 0.07] T
Subtotal (95% CI) 96 96 26.3% -0.32 [-0.60, -0.03] e
Heterogeneity: Tauw®= 0.00; Chi*=0.01, df=1 (P = 0.93); F=0%
Testfor overall effect Z=218(P=003)
Total (95% CI) 372 367 100.0% -0.39 [-0.54, -0.25] &>
Heterogeneity, Tau®= 0.00; ChiF=6.77, df=7 (P = 0,45 F= 0% 52 51 3 15 é

Testfor overall effect Z=5.29 (P = 0.00001)
Testfor subaroup differences: Chif=1.03, df= 2 (P = 0.60), F=0%

Upper Limb Function

Upper limb function was evaluated in 3 studies (n=171)
[33,35,38] at the end of the intervention using DASH [35,38]
and QuickDASH scores [33]. The meta-analysis showed no

Famré [Telerehab] Favors [Standard care]
statistically significant difference between telerehabilitation
and standard care (SMD -0.86; 95% CI —2.02 to 0.31; P=.15),
indicating a small and nonsignificant effect in favor of
telerehabilitation (Figure 5).

Figure 5. Forest plot of standardized mean difference for the outcome “upper limb function” between telerehabilitation and standard care at the end

of the treatment. A random-effects model was applied [33,35,38].

Telerehab Standard care

Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Loubani etal 2021 AT.ET 2213 18 4402 2283 17 3249% -0.28 [-0.84, 0.39]

Parketal 2023 1946 1338 50 2208 173 50 354% -07 [-0.56,0.23]

de Avizetal 2024 27T 4 24 13858 586 M T% -2.24[-3.00,-1.47] —

Total (95% CI) 92 87 100.0% -0.86 [-2.02, 0.31]

Heterogeneity: Tau®= 0.86; Chif= 2274, df=2 (P = 000013, F=91% 54 52 b é i
Testfor overall effect: Z=1.45 (F = 0.15) Favors [Telerehab] Favors [Standard care]

Handgrip Strength

In total, 2 studies (n=116) [30,33] examined the effect of
telerehabilitation on handgrip strength. Handgrip strength was
assessed through a handheld dynamometer at the end of

treatment. The overall effect was statistically significant in favor
of telerehabilitation (mean difference [MD] 2.93; 95% ClI
0.82-5.04; P=.006), indicating amoderateimprovement (Figure
6).

Figure6. Forest plot of standardized mean difference for the outcome “ handgrip strength” between telerehabilitation and standard care. A random-effects

model was used [30,33].

Telerehab Standard care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Galiano-Castilloetal 2016 22.22 542 40 1861 655 41 B51% 3.61[099,623] —i—
Lauhani etal 2021 1899 493 18 1733 45749 17 34.89% 1.66[-1.91,523] L
Total (95% CI) 58 58 100.0% 2.93[0.82,5.04] -l
Heterogeneity, Tau®= 0.00; Chi*= 0.75, df=1 (P = 0.39); F= 0% _150 55 ] % 150

Testforoverall effect Z=2.72 (P =0.007)

Certainty of Evidence

The GRADE summary of findings (Table 5) for the main
outcomes at different time points showed that at the end of
treatment moderate evidence suggests that telerehabilitation
was associated with a statistically significant improvement in
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QoL compared with standard care (SMD 0.59, 95% CI
0.24-0.95; moderate certainty); similarly regarding to handgrip
strength (MD 2.93 kg, 95% CI 0.82-5.04; low certainty). A
moderate reduction in pain was a so observed (SMD 0.50 lower,
95% CI 0.79-0.22 lower; low certainty). No relevant effects
were found for upper limb function (SMD 0.86 lower, 95% Cl
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—2.02 to 0.31; low certainty). During the 12-week follow-up,
telerehabilitation maintained a beneficial effect on QoL (SMD
0.54 higher, 95% CI 0.14-0.93; low certainty) and was
associated with areduction in pain intensity (SMD 0.33 lower,
95% Cl —0.60 to —0.06; low certainty). At 24 weeks follow-up,
the improvement in QoL was further increased (SMD 0.75
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higher, 95% CI 0.45-1.05; low certainty), while pain reduction
remained modest (SMD 0.32 lower, 95% CI —0.60 to —0.03;
low certainty). The certainty of evidence ranged from low to
moderate, mainly due to limitations in study design and
imprecision related to small sample sizes and wide Cls.
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Table 5. Grading of Recommendations Assessment, Devel opment and Evaluation summary of findings.

Outcomes Assessment tool Number of partic-  Certainty of the evi- Anticipated absolute effects  ppP or SMDC with
ipants, n (studies) - gence (GRADE®) (95% Cl), mean value with g erehapilitation
standard care (95% Cl)

End of treatment

QoL¢ FACT-B% FACT-B  366(5RCTd)  *  @ee0 NE™ g'\gg 059 (0.24t0
f. .
V4.0, EORTCY © Moderate®!
QLQ-C30™ FACT-G'
Pain VAS™ NPRS® BPIP  336(4RCTS)  +  we00 NE SMD —0.50 (-0.79
t0-0.22)
*  LowMd
Upper limb function  pa SH"; quickDASHS 179 (3RCTys) . 0800 NE SMD -0.86 (-2.02
t0 0.31)
o Low
Handgrip strength Handheld dynamome- 116 (58 RCTS) . 8300 Themean handgrip strength  MD 2.93 (0.82 to
ter was 17.97 kg 5.04)
o LowK

12 weeks follow-up

QoL FACT-B;FACT-B  246(3RCTS)  »  seco NE SMD 054 (0.14 to
V4.0; EORTC QLQ- 093)
C30 * Lo
Pain NPRS 211(2RCTY  +  asoo NE SMD -0.33 (06 to
~0.06)
. L O\Nk'l

24 week s follow-up

QoL FACT-B V4.0, 183(2RCTY)  +  we00 NE SMD 0.75 (0.45 to
EORTC QLQ-C30 1.05)
. L O\Nk'l
Pain NPRS; BPI 192 (2RCTY)  +  ee00 NE SMD -0.32 (-0.6 to
-0.03)
. L O\Nk‘l

8GRADE: Grading of Recommendations Assessment, Development and Evaluation. GRADE Working Group grades of evidence. High certainty: we
arevery confident that the true effect lies close to that of the estimate of the effect. Moderate certainty: we are moderately confident in the effect estimate:
the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low certainty: our confidence
in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect. Very low certainty: we have very little
confidence in the effect estimate: the true effect islikely to be substantially different from the estimate of effect.

BMD: mean difference.

€SMD: standardized mean difference.

dQoL : quality of life.

®FACT-B: Functional Assessment of Cancer Therapy-Breast.

fEACT-B V4.0: Functional Assessment of Cancer Therapy-Breast version 4.0.
9EORTC: European Organisation for Research and Treatment of Cancer.

hQL Q-C30: Quality-of-Life Questionnaire Core 30.

IFACT-G: Functional Assessment of Cancer Therapy-General.

IRCT: randomized controlled trial.

KLack of details on randomization, allocation concealment, and masking in 1 or + studies.
Total sample size < 400.

MNE: not estimable.

"™WAS: visual analog scale.

ONPRS: numeric pain rating scale.

PBPI: brief pain inventory.

9_ack details on reported resultsin 1 or + studies.
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'DASH: Disability of Arm Shoulder and Hand Questionnaire.

Santacaterina et al

SquickDASH: Quick Version of Disability of Arm Shoulder and Hand Questionnaire.

Discussion

Principal Results

This SR with meta-analysis evaluated the clinical effectiveness
of telerehabilitation in women undergoing BC surgery, focusing
on 4 core outcomes. QoL, pain, upper limb function, and
handgrip strength. A total of 11 RCTs were included in the
qualitative synthesis, of which 5weredigiblefor meta-analysis.
The overall findings support the use of telerehabilitation as a
valid, safe, and in some cases superior aternative to routine
care, especially inimproving QoL and muscular strength, while
some functional outcomes require further investigation.

The most consistent benefit of telerehabilitation acrossincluded
studies was its effect on QoL. The meta-analysis showed a
moderate, statistically significant improvement (SMD 0.59)
with moderate certainty of evidence. Thiseffect was maintained
across multiple follow-up pointsand QoL instruments, including
FACT-B, FACT-G, and EORTC QLQ-C30. These findings
align with those reported by Wen et al [16], who observed that
eHealth-based interventions significantly improved general and
subdomain QoL metricsin women with BC. Similarly, Peng et
al [15] noted improvements in fatigue and functional domains
in patients with BC who engaged in structured tele-exercise
programs.

Specific interventions, such as the e-CUIDATE system studied
by Galiano-Castillo et a [30], showed both QoL gains and
durability of effects over a 6-month follow-up, supporting the
long-term potential of well-structured telerehabilitation
protocols.

In contrast, Scaturro et a [12] found that synchronous
telerehabilitation, delivered through a web-meeting platform,
was effective, but face-to-face rehabilitation yielded greater
QoL improvements, potentially dueto individualized adjustment
and closer supervision. This observation underscores the role
of patient-physiotherapist interaction and feedback loops, which
are harder to replicate in remote formats.

Pain control emerged as another area where telerehabilitation
was effective. The pooled analysis showed a significant
reduction in pain (SMD -0.50). In literature, the beneficial
effects of rehabilitation and physical exercise on pain reduction
in patients undergoing BC surgery are well-established [39].
However, to date, no SRs have comprehensively evaluated this
specific outcome in the context of telerehabilitation in this
specific population. To the best of our knowledge, this is the
first SR with meta-analysisto demonstrate the reduction of pain
in patients receiving telerehabilitation following BC surgery.

Generally, the efficacy of telerehabilitation in alleviating pain
is documented for both acute [40,41] and chronic pain,
short-term and long-term [41], in patients following cancer
surgery. Thefindings of our SR are thus consistent with existing
literature on this subject.

Handgrip strength improved significantly (MD 2.93 kg);
nevertheless, given the low certainty of evidence and reference
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values for minimal clinically important differences reported in
theliterature, this changeisunlikely to be clinically meaningful
[42,43]. Grip strength is an important functional indicator post
mastectomy or quadrantectomy and is correlated with patient
independence and upper limb integrity [44].

Upper limb function did not significantly improve in the
meta-anaysis (SMD -0.86, 95% Cl —2.02 to 0.31). This may
be due to substantial variability in the tools used (DASH and
Quick-DASH), theintensity of training, or baselineimpairments.
Scaturro et a [12] found outpatient rehabilitation to be more
effective than telerehabilitation in improving upper limb
functional scores, possibly dueto the capacity for individualized
correction and targeted kinematic feedback.

Park et a [35] attempted to overcome this by using virtual
reality—based tel erehabilitation with the Xbox Kinect, achieving
encouraging improvements in shoulder function and patient
engagement.

The clinical implications of these findings are substantial.
Telerehabilitation overcomes several barriersthat hamper access
to rehabilitation services, including geographic isolation,
transportation challenges, financial burdens, and caregiver
constraints. Studies such asthose by Keikhaet al [17] and Anik
et a [45] emphasize that telerehabilitation can significantly
enhance service reach and continuity of care, particularly for
underserved populations.

Furthermore, its cost-effectiveness is becoming increasingly
recognized [46-48]. Remote protocols may reduce direct and
indirect costs, ahypothesis supported by implementation studies
showing decreased health care usage when telerehabilitationis
adopted as part of routine cancer recovery [12].

Several trialsa soincorporated patient education and behavioral
coaching components [28,34,36] via messaging apps or
interactive video calls (eg, WeChat-based multimodal nursing
by Zhou et al [37]), highlighting how multidomain interventions
can reinforce adherence and long-term engagement.

The sociodemographic and clinical profiles of participants in
the included trials provide important context for interpreting
the findings of this SR. Most samples consisted of middle-aged
women, with mean ages ranging from the early 40s to the
mid-60s. Cancer stage was predominantly early (1-2), athough
several studies included stage 3 cases, while surgical
management varied between breast-conserving surgery,
mastectomy, and immediate reconstruction. These characteristics
reflect the typical population of BC survivors eligible for
rehabilitation, but also highlight potential limitations in
generalizability.

A relevant aspect emerging from the FIIT analysis concerns
exercise intensity. Unlike frequency and duration, which were
usualy well defined, intensity was rarely standardized across
studies. Some trials referred to perceived exertion scales (eg,
Borg and RPE) or to international recommendations (eg,
American College of Sport Medicine), while others, such as
Park et al [35], described progression exclusively in terms of
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ROM and the transition from passive to active movements with
or without dumbbells, without specifying external load. This
heterogeneity, and in some cases the total absence of
information, hinders direct comparison between protocols and
limits clinical reproducibility. From a methodological
perspective, thelack of clear criteriafor |load progression makes
it difficult to determine whether observed improvements were
due to training frequency, total volume, or actual modulation
of intensity. Future telerehabilitation trials should therefore
adopt shared and explicit parameters for defining exercise
intensity (eg, percentage of one-repetition maximum, RPE, or
progressive load adjustments), in order to ensure greater
standardization and clinical transferability.

Limitations

Despite promising resullts, thisreview presents somelimitations.
Only 5 studies were included in the meta-analysis due to
heterogeneity in intervention types, duration, and outcome
measures. Sample sizes were often small, and blinding was
generaly not feasible, increasing the risk of performance and
detection bias. Furthermore, most studies lacked long-term
follow-up data, making it difficult to assess the sustainability
of effects beyond 3-6 months. The GRADE approach revealed
moderate certainty for QoL but low certainty for other outcomes,
primarily due to methodological limitations and imprecision.

Onerelevant limitation of this meta-analysisisthe heterogeneity
among the included telerehabilitation interventions in terms of
delivery mode (eg, mobile app, videoconferencing, and SMS
text messaging), session fregquency, intensity, and duration.
Additionally, the standard care comparator varied across studies,
encompassing different rehabilitation strategies and intensities.
Thisclinical and methodological variability may haveinfluenced
the estimated effect sizes. The use of a random-effects model
was a deliberate methodological choice to account for and
mitigate such heterogeneity. Future trials should aim to
harmonize both intervention and comparator protocols to
enhance comparability and validity. Furthermore, the
underreporting of sociodemographic variables such aseducation,
employment, or ethnicity in many trials limits our ability to
fully explore how socia context may interact with the
effectiveness of telerehabilitation. Future research should
systematically report these descriptors to improve external
validity and allow stratified analyses.

Santacaterina et al

Future Per spectives

From a clinical perspective, these findings support the
integration of telerehabilitation into standard postoperative care
for women after BC surgery. In particular, telerehabilitation
appearsto be avaluable complement to in-person rehabilitation,
especially for patientswho face barriers such asdistance, limited
mobility, or time constraints. To maximize its effectiveness,
clinical programs should be individualized, taking into account
disease stage, type of surgery, functional status, and patients
access to and familiarity with digital technologies. From a
research perspective, future trials should prioritize the use of
standardized and validated outcome measures to ensure
comparability across studies and to strengthen the evidence base
for meta-analyses. Furthermore, consistent and detailed reporting
of sociodemographic variablesis needed, as these factors may
significantly influence adherence to telerehabilitation and
treatment effectiveness, ultimately affecting the external validity
of the findings. Addressing these aspects will enhance both the
robustness of future evidence and its applicability in clinical
practice. Finaly, while this review did not include formal
cost-effectiveness analyses, the potential economic implications
of telerehabilitation deserve attention. Telerehabilitation may
reduce indirect costs related to travel, time, and health care
resource usage, making it an attractive option for both patients
and health care systems. However, these assumptions require
confirmation through well-designed economic evaluations
alongsideclinical trials. Future studies should thereforeintegrate
cost-effectiveness analyses to determine whether the clinical
benefits of telerehabilitation are accompanied by sustainable
economic advantages.

Conclusions

This SR and meta-analysis confirm that telerehabilitationis an
effective and viable approach for postoperative care in women
undergoing BC surgery. It significantly improves QoL, reduces
pain, and enhances grip strength compared with standard care,
with moderate to low certainty of evidence. No significant
improvement was observed in the upper limb function, although
the direction of effect favors telerehabilitation. The variability
across interventions and outcome measures suggests a need for
more standardized, high-quality trials. Further research should
focus on long-term outcomes, technological enhancements, and
cost-effectiveness to support broader implementation.
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