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Abstract

Background: Telerehabilitation programs use information and communications technologies to facilitate exercise training,
self-management education, and health behavior modifications for nonhospitalized patients. In recent years, 2 systematic
reviews have examined the effectiveness of telerehabilitation in the recovery of patients with hip fractures but have yielded
inconsistent results. This is a significant gap because tools to assess clinical domains such as pain, range of motion, and
deformity are crucial for patient outcomes. Moreover, the long-term effects of telerehabilitation on postoperative functional
recovery in patients with hip fractures have not been investigated.

Objective: To address the abovementioned research gap, this systematic review aimed to evaluate the short- and long-term
effects of telerehabilitation on postoperative functional recovery in patients with hip fractures.

Methods: We searched the PubMed, Cochrane Library, Embase, and Web of Science databases from inception to March 31,
2025. Randomized controlled trials investigating the effect of postoperative telerehabilitation in patients with hip fractures
were included in this systematic review. Outcomes of interest included hip function measured using the Harris Hip Score;
functional mobility measured using the Short Physical Performance Battery and the timed up and go test; and ability to perform
basic activities of daily living measured using the Functional Independence Measure, Barthel index, or modified Barthel index.
Meta-analyses were performed using the RevMan software (version 5.3).

Results: A thorough literature search conducted in April 2025 yielded a total of 8 studies involving 740 patients for inclusion
in this systematic review. Meta-analysis showed that telerehabilitation was effective for improving the Harris Hip Score at the
intervention end point (2 included studies involving 156 participants; mean difference [MD] 7.42, 95% CI 5.61-9.23; P<.001;
PP=3%), the Short Physical Performance Battery score at the end point (4 included studies involving 430 participants; MD
1.34,95% CI 1.14-1.55; P<.001; ’=33%) and at follow-up (2 included studies involving 292 participants; MD 1.17, 95% CI
1.00-1.34; P<.001; I’=0%), the timed up and go score at the end point (4 included studies involving 156 participants; MD
-8.45,95% CI —-11.28 to —5.62; P<.001; ’=0%) and at follow-up (2 included studies involving 63 participants; MD -7.66,
95% CI —13.78 to —1.53; P=.01; I’=0%), and ability to perform basic activities of daily living at the end point (5 included
studies involving 354 participants; standardized MD 1.65,95% CI 0.78-2.51; P<.001; I’=91%) and at follow-up (standardized
MD 0.43,95% C10.05-0.81; P=.03; ’=48%).

Conclusions: Our review found that postoperative telerchabilitation may benefit short- and long-term functional recovery in
patients with hip fractures compared to conventional rehabilitation. However, the evidence was weak due to the limited number
and insufficient quality of the included studies and the heterogeneity across the studies.
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Introduction

Hip fractures are a major global public health challenge,
with an annual incidence of over 10 million cases [1].
They are most prevalent among adults aged 65 years and
older, a population in which fractures are correlated with
high mortality rates and a substantial burden on patients
and their families [2]. The standard management for hip
fractures involves surgical intervention followed by rehabili-
tation to restore walking ability [3,4]. Despite this, most older
patients fail to recover their prefracture level of function, and
this persistent impairment may lead to an increased risk of
falls [5]. Therefore, long-term postoperative management for
older adults with hip fractures is essential to enhance their
functional recovery and overall quality of life.

Since the COVID-19 pandemic, telerehabilitation has
gained popularity, with physical therapists increasingly
willing to incorporate it into their routine practices, prompt-
ing health care facilities to adopt innovative methods
for engaging with patients. As a branch of telemedicine,
telerehabilitation is defined as the use of remote health
care methodologies, specifically information and communi-
cations technologies, to deliver therapeutic rehabilitation
services outside of medical institutions [6]. Telerehabilita-
tion programs use information and communications technolo-
gies such as telephones and videoconferencing to facilitate
exercise training, self-management, and lifestyle modifica-
tions for nonhospitalized patients [7,8].

In recent years, several systematic reviews have been
published regarding the effectiveness of telerehabilitation
programs for patients with specific chronic diseases,
including cardiac, respiratory, and neurological disorders [9,
10]. Of note, 2 previous systematic reviews have examined
the effectiveness of postoperative telerehabilitation in the
recovery of patients with hip fractures, yielding inconsistent
results. One review found that, compared to conventional
intervention, telerehabilitation was not effective in improv-
ing postoperative mobility (as measured using the timed up
and go [TUG] test and gait speed) or in alleviating pain
but facilitated the ability to perform basic activities of daily
living (BADLs) with a clinically irrelevant improvement [11].
Another recently published systematic review found that,
compared to traditional rehabilitation, digital health inter-
ventions significantly improved postoperative mobility and
the ability to perform BADLSs, as indicated by the improve-
ment in the TUG performance, the Short Physical Perform-
ance Battery (SPPB) score, and the Functional Independence
Measure (FIM) score [12]. However, specific measurement
tools for hip function, such as the Harris Hip Score (HHS),
have not been examined in any systematic review. This
is a significant research gap because these tools assess
crucial clinical domains, including pain, range of motion,
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and deformity, that are key outcomes for patients with hip
fractures. Moreover, the long-term effects of telerehabilita-
tion on postoperative functional recovery in patients with hip
fractures have not been investigated.

Therefore, this systematic review aimed to evaluate the
short- and long-term effects of telerehabilitation on postoper-
ative functional recovery in patients with hip fractures. The
outcomes of interest included hip function as measured using
the HHS [13]; functional mobility as measured using the
TUG test [14,15] and SPPB [16-18]; and ability to perform
BADLs as measured using the Barthel index (BI), modified
BI (MBI), or FIM. We hypothesized that telerchabilitation
would be effective for improving postoperative short- and
long-term functional recovery in patients with hip fractures
compared to conventional rehabilitation.

Methods

This systematic review and meta-analysis adhered to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) 2020 guidelines [19], with a registration
in PROSPERO (CRD42024498569).

Literature Search

Two researchers (CC and PPQ) independently searched the
PubMed, Embase, Web of Science, and CENTRAL databases
from inception to March 31, 2025. The search was limited
to English-language literature. Randomized controlled trials
investigating the effectiveness of postoperative telerehabilita-
tion treatment for patients with hip fractures were included
(Multimedia Appendix 1).

Additional articles were identified by reviewing the
reference lists of relevant reviews. The following keywords
and the corresponding MeSH (Medical Subject Headings)
terms were used: (telerehabilitation OR telerehabilitations
OR tele-rehabilitation OR tele-rehabilitations OR remote
rehabilitation OR remote rehabilitations OR rehabilitation,
remote OR rehabilitations, remote OR virtual rehabilitation
OR virtual rehabilitations OR rehabilitation, virtual OR
rehabilitations, virtual) AND (hip fractures OR fractures, hip
OR intertrochanteric fracture OR intertrochanteric fractures
OR trochanteric fractures OR fractures, trochanteric OR
femur trochlear fracture OR femur trochlear fractures OR
trochlear fracture, femur OR trochlear fractures, femur OR
fractures, femur trochlear OR femoral trochlear fracture OR
femoral trochlear fractures OR fracture, femoral trochlear OR
fractures, femoral trochlear OR trochlear fracture, femoral
OR trochlear fractures, femoral OR subtrochanteric fracture
OR subtrochanteric fractures).
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Eligibility Criteria

The inclusion criteria were as follows: (1) studies involv-
ing participants diagnosed with a hip fracture who were
in a stable condition (no further fractures were observed
or reported) after surgical intervention; (2) studies involv-
ing telerehabilitation as the primary intervention following
surgery, including the use of SMS text messaging, telephones,
smartphones, and internet-based and software-based methods;
(3) studies that reported at least one outcome of interest,
including the HHS, TUG test, SPPB score, BI, MBI, and
FIM; and (4) randomized controlled trials.

The exclusion criteria were (1) only study protocol or
conference abstract available and (2) unavailability of the full
text.

Study Selection

The search results were imported into EndNote X9 (Clarivate
Analytics) for duplicate removal. To ensure the accuracy of
this process, 2 authors (CC and PPQ) manually verified the
deleted duplicates. The titles and abstracts of the remaining
records were then screened independently by these authors
(CC and PPQ). Full texts were retrieved for further review if
deemed eligible by either author. Any disagreements between
the reviewers were resolved through discussion with a third
author (CL).

Data Extraction

Two authors (CC and PPQ) independently extracted data
from the included studies. The extracted data encompassed
the following: basic study information (the first author,
publication year, and country), participant baseline character-
istics (sample size, age, and gender), details of the telereha-
bilitation and control interventions, and outcome measures
(including follow-up period and measurement tools).

Quality Evaluation

Two authors (CC and PPQ) independently evaluated the
quality of the included studies using version 2 of the
Cochrane risk-of-bias tool for randomized trials [20]. The
risk-of-bias assessment consisted of the following domains:
(1) randomization process, (2) deviations from intended
interventions, (3) missing outcome data, (4) measurement of
the outcome, and (5) selection of the reported results. The
overall risk of bias was classified as low risk of bias, some
concerns, and high risk of bias.

Data Analysis

The Cochrane Collaboration’s Review Manager software
(version 5.3) was used for all statistical analyses. The overall
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estimate of the treatment effect was calculated using the
means and SDs of outcome scores for continuous data in the
telerehabilitation intervention and control groups. Short- and
long-term effects were analyzed by comparing the differences
in outcome scores between the 2 groups at the intervention
end point and at the last follow-up time point, respectively.
For studies using the same measurement tool, we calculated a
pooled estimate of the mean differences (MDs) with 95% CIs.
In cases in which different measurement tools were used, we
used standardized MDs (SMDs).

To investigate potential clinical and methodological
heterogeneity across the included studies, the following
factors were summarized and compared: (1) patient character-
istics (age and baseline scores of the outcomes of interest), (2)
characteristics of telerehabilitation (duration, frequency, and
delivery mode), (3) type of control intervention, (4) follow-
up period for the outcomes of interest, and (5) risk of bias.
Where low clinical and methodological heterogeneity was
found across the studies in a given meta-analysis, a fixed-
effects model was used; otherwise, a random-effects model
was applied. Statistical heterogeneity was quantified using
the I statistic. I? values greater than 50% were considered
to indicate substantial heterogeneity [21]. When substantial
statistical heterogeneity was present and a sufficient number
of studies were available, subgroup analyses were performed
based on the abovementioned factors contributing to clinical
or methodological heterogeneity. Furthermore, a sensitivity
analysis was planned to assess the impact on the pooled
results provided that a sufficient number of studies were
available. This was performed by excluding studies with a
high risk of bias or those that differed substantially from
others in the factors considered for subgroup analyses.

Results

Study Identification

The initial database search yielded a total of 1045 records, of
which 6 (0.6%) met the eligibility criteria and were inclu-
ded. A further 2 studies were identified by checking the
reference lists of relevant reviews [11], resulting in a total
of 8 studies for the systematic review and meta-analysis. The
study selection process is illustrated in the PRISMA flow
diagram (Figure 1).
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Figure 1. Flow diagram for the systematic search. RCT: randomized controlled trial.
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Study Characteristics

The 8 included studies comprised 740 patients, including 569
female and 161 male individuals. The sample sizes varied
from 31 to 232 in the individual studies.

The treatment strategies for postoperative telerehabilita-
tion for patients with hip fractures included strengthening,
balance, coordination, stretching exercises, BADL training,
introduction of walking aids, and safety education. Most
included studies provided telerehabilitation through mobile

remotely, one study used a DVD supervised via telephone
calls [27], and one study used a telephone call as the primary

apps or software [5,22-28] supervised by professionals

Table 1. Characteristics of the included studies.

strategy [28]. The control interventions comprised home-
based exercise through written materials [5,25,26], in-per-
son rehabilitation [23,24], follow-up assessment through
telephone [22] and health nutrition education [27], and no
intervention [28]. The duration of telerehabilitation varied
from 35 minutes to 6 months. The follow-up periods varied
from 3 weeks to 9 months [23,25-28]. Table 1 presents the
main characteristics of the included studies [5,22-28].

Time points of

Study and Outcome  outcome
country Participants Telerehabilitation Control intervention measures measurement
Kalron et al Sample size: 15 in telerehabili- » Home-based training program through Home-based exercises TUG®test Intervention end
[26],2018, tation vs 17 in control group software, including exercises for through an exe.rcise point: 6 weeks;
Israel (female: 10/15 vs 9/17, . . booklet (exercises follow-up: 4
respectively); age: mean 65.7, movement, strengthening the lower limbs, were similar to those weeks after the
SD 7.8 y vs mean 67.3,SD 9.5 and balance; 40-50 min per session, 3 times in the telerchabilita- intervention
y per week for 6 weeks tion group)
* Supervised by professionals through the
software
Lietal Sample size: 15 in » Home-based training program through Home-based training  TUG test  Intervention end
[25.], 2022, telerehabilitation vs 16 in mobile app, including trunk and through written sheets and MBI®  point: 3 weeks;
China control group (female: 14/15 vs . . (exercises were follow-up: 3
11/16, respectively); age: mean lower-extremity strengthening and equivalent to those in weeks after the
76.5,SD 8.6 y vs mean 82.1, stretching, coordination, balance, and the telerehabilitation intervention
SD9.7y functional exercises related to ADst, for  group)
3 weeks
* Supervised by professionals through the
mobile app
https://mhealth.jmir.org/2026/1/e77341 JMIR Mhealth Uhealth 2026 | vol. 14 177341 1 p. 4
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Time points of

Study and Outcome  outcome
country Participants Telerehabilitation Control intervention measures measurement
Ortiz-Pifla ~ Sample size: 35 in » Home-based training through software, Home-based in-person TUG test, Intervention end
et al [24],. telerehabilitation vs 36 in including lower- and upper-body .rehabﬂitation, SPPBd, point: 12 Weeksf;
2021, Spain control group (female: 26/35 vs ] . L including 5-15 and FIM®  follow-up: N/A
27/36, respectively); age: mean strengthening, balance, cardiovascular sessions of
76.71,SD 6.04 y vs mean exercises, and occupational therapy (ADL  physiotherapy and
80.72,SD 559y training and introduction to walking aids); ~ occupational therapy
50-60 min per session for 12 weeks
¢ Supervised by caregivers
Wuetal Sample size: 43 in » Home-based training through software, Home-based HHS® and  Intervention end
[5]., 2022, telerehabilitation vs 42 in including cardiopulmonary function rehapilitation through FIM point: 6 months;
China control group (female: 30/43 vs . . a written text and follow-up: N/A
31/42, respectively); age: mean exercise and balance exercises, ADL communication with
74.28,SD 5.06 y vs mean 72.0, training, and introduction to walking aids,  professionals through
SD6.77y for 6 months phone calls and
* Supervised by professionals through outpatient service
the software and communication with
professionals through videoconferencing
Zhang etal  Hip replacement group sample + Home-based training through a mobile app, Follow-up assessment HHS, During the
[22.], 2022, size.: 17 in telerehabi}itation VS including education and walking, balance, through telephone FIM, TUG inte.rvention
China 14 in control group; internal . . L ] test, and period: at 2 weeks
fixation group sample size: 10 and stair-walking exercises, for 3 months SPPB and 2 months;
in telerehabilitation vs 10 in * Supervised by professionals through the intervention end
control group mobile app point: 3 months;
follow-up: N/A
Prieto- Sample size: 51 in + Home-based training through software, Home-based in-person SPPB and Intervention end
Moreno et telerehabilitation vs 54 in including lower- and upper-body Fehabi%itation, FIM point: 3 months;
al [23], control group (female: 37/51 vs . . including 5-15 follow-up: 9
2024, 38/54, respectively); age: mean strengthening, balance, cardiovascular sessions of months after the
Portugal 79.55,SD 7.11 y vs mean exercises, and occupational therapy (ADL  physiotherapy and intervention
80.07,SD 7.74 y training and introduction to walking aids); ~ occupational therapy
3 sessions per week for 12 weeks
* Supervised by professionals through the
software
Latham et  Sample size: 120 in + Home-based training through DVD, Nutrition education for SPPB Intervention end
al [27], telerehabilitation vs 112 in including strengthening and standing cardiovascular health point: 6 months;
2014, control group (female: 83/120 o through telephone follow-up: 3
United vs 77/112, respectively); age: exercises; 3 times per week for 6 months months after the
States mean 77.2,SD 10.2 y vs mean * Supervised by professionals through intervention
789,SD94y telephone
Di Monaco Safnple size:' 78 in telerehabili- + A telephone call to check environmental No intervention BI Int'ervention end
et al [28], tation vs 75 in control group h ds. behaviors in ADL d ¢ point: N/A;
2015,Italy  (female: 78/78 vs 75/75, azards, behaviors in S.anduse o follow-up: 5.5

respectively); age: mean 78.7,
SD 7.2y vs mean 79.3, SD 8.0
y

assistive devices and reinforced targeted
modifications to prevent falls for 35

minutes

months after the
intervention

4TUG: timed up and go.
YADL: activity of daily living.
°MBI: modified Barthel index.

dSPPB: Short Physical Performance Battery.

°FIM: Functional Independence Measure.
fN/A: not applicable.

8HHS: Harris Hip Score.

PBI: Barthel index.

Risk of Bias in the Included Studies
Four studies [23,24,26,28] had a low risk of bias, 3 [22,25,27]

as 3 studies poorly described the method used [5,22,25]. The

results of the methodological quality assessment are provided

had some concerns, and 1 [5] had a high risk of bias. Overall,
the randomization process was the most problematic domain
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in Figure 2 [5,22-28].
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Figure 2. A detailed breakdown of the methodological quality assessment for the included studies. Overall, 4 studies exhibited a low risk of bias, 3

raised some concerns, and 1 exhibited a high risk of bias [5,22-28].
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(mean age range 72-77 years; comparable baseline mean
HHS between 34.9 and 43.6). However, substantial clinical
heterogeneity was found regarding the duration of telerehabi-
litation (6 months [5] vs 3 months [22]). A random-effects
meta-analysis yielded a statistically significant, positive result
(MD 742, 95% CI 5.61-9.23; P<.001; Figure 3 [5,22]) with
low statistical heterogeneity (I’=3%; P=.36; Figure 3 [5,22]).

Figure 3. Forest plot of Harris Hip Score (HHS) results at the intervention end point. The analysis yielded a positive result with a mean difference of

7.42 (95% CI1 5.61-9.23; P<.001; 12=3%) [5,22].1V: inverse variance.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Wy et al 2022 8423 313 43 7729 445 42 84T% G4 [517, 871]
Zhang et al. 2022 internal fixation 44 HAE 10 A28 744 10 8.2% 11.60[5.35 17.89]
Zhang et al. 2022 replacement a4t F3T 17 B7.O7 11.04 14 7% 8.34[1.88,1510]
Total (95% CI) 70 66 100.0% 7.42[5.61,9.23] >
Heterogeneity: Tau?= 0.20; Chi*= 2.06, df= 2 {F = 0.36); F= 3% _'20 _1'0 M 1'0 2'0

Test for averall effect: Z=8.03 (P = 0.00001}

SPPB was measured in 4 studies (n=430 participants) at
the intervention end point [22-24,27]. Considerable clinical
heterogeneity was observed in baseline SPPB scores (mean
scores 4.71-5.9 [22,27] vs 2.69-3.21 [23,24]). Furthermore,
both the duration of telerehabilitation (3 months [22-24] vs
6 months [27]) and the type of control intervention (tel-
ephone assessment [22,27] vs in-person rehabilitation [23,
241]) varied across studies. A random-effects meta-analysis
showed a significant positive result at the intervention end
point (MD 1.34,95% CI 1.14-1.55; P<.001; Figure 4 [22-24,

https://mhealth.jmir.org/2026/1/e77341

Favours [control]) Favours [experimental]

27]) with low to moderate statistical heterogeneity (I’=33%;
P=21; Figure 4 [22-24,27]). SPPB was measured in 2 studies
(n=292 participants) at follow-up [23,27]. In addition to the
aforementioned clinical heterogeneity, great methodological
heterogeneity was noted in the follow-up period (3 months
[27] vs 9 months after the intervention [23]). The random-
effects analysis remained significant at follow-up (MD 1.17,
95% CI 1.00-1.34; P<.001; Figure 4 [22-2427]) with low
statistical heterogeneity (P=0%; P=.72; Figure 4 [22-24 27]).
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Figure 4. Forest plot of Short Physical Performance Battery (SPPB) results at the intervention end point and follow-up. The analysis yielded a
positive result at the intervention end point with a mean difference of 1.34 (95% CI 1.14-1.55; P<001; I>=33%). The analysis yielded a positive
result at follow-up with a mean difference of 1.17 (95% CI 1.00-1.34; P<.001; 12=0%) [22-24 27].1V: inverse variance.

SPPB end point

Experimental Control

Study or Subarou Mean SD Total Mean

SD Total Weight IV, Random. 95% CI

Mean Difference
IV, Random, 95% CI

Mean Difference

Latham etal. 2014 7.2 3 120 6.2 3 112 6.4% 1.00[0.23,1.77]

Ortiz-pina et al. 2021 836 239 28 5494 30 34 23% 2.42[1.08 3.76]

Rafael Prieto-Moreno et al. 2024 711 033 51 571 032 54 586% 1.40[1.28,1.52] =

Zhang et al, 2022 replacement 584 039 17 471 0.37 14 328% 1.23 [0.96, 1.50] -

Total (95% CI) 216 214 100.0% 1.34 [1.14, 1.55] .

Heterogeneity Tau®= 0.01; Chi*= 4.49, df= 3 (P = 0.21); F= 33% E‘ ’2 a8 é f‘

Testfor overall effect Z= 12.84 (P < 0.00001)

SPPB follow-up

Experimental Control

Study or Subgrouy Mean SD Total Mean

SD Total Weight

Favours [control] Favours [experimental]

Mean Difference
IV. Random, 95% Cl

Mean Difference
IV. Random, 95% CI

Latham etal. 2014 76 29 120 63 28 112 52% 1.30[0.55, 2.05)
Rafael Prieto-Moreno et al. 2024 6534 035 3 518 034 29 G948% 1.16[0.99, 1.33] .’
Total (95% CI) 151 141 100.0%  1.17 [1.00,1.34] <&
Heterogeneity: Tau®= 0.00; Chi*= 013, df=1 (P=0.72); *= 0% 2 1 ; 1 2

Testfor overall effect Z=13.45 (P = 0.00001)

The TUG test was measured in 4 studies (n=156 partici-
pants) at the intervention end point [22,24-26]. Considera-
ble clinical heterogeneity was found regarding the patient
characteristics (mean age 65.7-67.3 years [26] vs 75.17-82.1
years [22,24,25]; mean baseline TUG score 21.4-25.6 [26]
vs 39.7-45.2 [25] vs 66.53-99.72 [24]; data unavailable for
the study by Zhang et al [22]). The duration of telerehabili-
tation (3-6 weeks [25,26] vs 3 months [22,24]) and type of
control intervention (written materials [25,26] vs telephone
assessment [22] vs in-person rehabilitation [24]) also varied.
A random-effects meta-analysis demonstrated a significant
positive result at the intervention end point (MD -8.45, 95%

Favours [control] Favours [experimental]

CI -11.28 to =5.62; P<.001; Figure 5) with low statistical
heterogeneity (P=0%; P=.53; Figure 5 [22,24-26]). The TUG
test was measured in 2 studies (n=63 participants) at follow-
up [25,26]. Low methodological heterogeneity was observed
in the follow-up period (3-4 weeks after the intervention
[25,26]) and risk of bias (low to moderate risk of bias [25,
26]). However, due to the considerable clinical heterogeneity
noted above (in patient age and baseline function), a random-
effects model was applied. This analysis yielded a significant
positive result at follow-up (MD -7.66, 95% CI —13.78 to
-1.53; P=.001; ’=0%; P=.37; Figure 5 [22,24-26]).

Figure 5. Forest plot of timed up and go (TUG) test results at the intervention end point and follow-up. The analysis yielded a positive result at the
intervention end point with a mean difference of —8.45 (95% CI —11.28 to —5.62; P<.001; =0%). The analysis yielded a positive result at follow-up
with a mean difference of —7.66 (95% CI —13.78 to —1.53; P=.01; 12=0%) [22,24-26].1V: inverse variance.
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Test for overall effect: Z=2.45 (P =0.01)

TUG follow-up
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Mean Difference
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Because various BADL measurement tools were used
across the included studies, SMDs were used as the effect
size measure. Zhang et al [22] reported BADL outcomes
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separately for the hip replacement and internal fixation
groups. BADLs were measured in 5 studies (n=354
participants) at the intervention end point [5,22-25].
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Considerable clinical heterogeneity was observed regarding
patient characteristics (baseline dependence level: maximal
dependence [5,22] vs mild to moderate dependence [23-25]),
duration of telerehabilitation (3 weeks [25] vs 3 months [22-
241 vs 6 months [5]), and type of control intervention (written
materials [25] vs telephone assessment [5,22] vs in-person
rehabilitation [23,24]). In addition, substantial methodologi-
cal heterogeneity was observed in the risk of bias (high
[5] vs some concerns [22,25] vs low [23,24]). A random-
effects meta-analysis yielded a significant positive result
with high heterogeneity (SMD 1.65, 95% CI 0.78-2.51;
P<001; P=91%; P<.001; Figure 6 [5,22-25]). Subgroup
analyses were conducted based on baseline dependence level,
duration of telerehabilitation, and type of control interven-
tion. For studies involving patients with a high baseline
dependence level [5,22], the analysis showed a positive
result with high heterogeneity (SMD 1.87,95% CI 0.59-3.16;
P=.004; P=89%: P<.001; Figure 6 [5,22-25]). For studies
with a lower baseline dependence level [23-25], the result
was also positive with high heterogeneity (SMD 1.42, 95%
CI 0.04-2.81; P=.04; ’=94%; P<.001; Figure 6 [5,22-25]).
Subgroup analysis by duration of telerehabilitation was not
possible due to an insufficient number of studies. For studies
with telephone-based assessment as a control intervention [5,
22], the result was positive with high heterogeneity (SMD
1.87, 95% CI 0.59-3.16; P=.004; I’=89%; P<.001; Figure
6 [5,22-25]). For studies with in-person rehabilitation as
the control [23,24], the result was similarly positive with
high heterogeneity (SMD 1.90, 95% CI 0.16-3.63; P=.03;
I’=95%; P<.001; Figure 6 [5,22-25]). A sensitivity analysis
was conducted by (1) excluding 2 studies with intervention

https://mhealth.jmir.org/2026/1/e77341
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durations shorter [25] or longer [S] than 3 months and (2)
excluding 1 study with a high risk of bias [5]. Pooling the
3 remaining studies with a 3-month intervention duration
[22-24] using a random-effects model yielded a positive
result with low statistical heterogeneity (SMD 1.13, 95%
CI 0.76-1.50; P<.001; I’=0%; P=.82; Figure 6 [5.22-25]).
Pooling the 4 studies with low to moderate risk of bias
[22-25] yielded a positive result with high heterogeneity
(SMD 1.36, 95% CI 0.52-2.21; P=.002; I’=88%; P<.001).
BADLs were measured in 3 studies (n=257 participants)
at follow-up [23,25,28]. Considerable clinical heterogeneity
was observed regarding baseline dependence level (mild to
moderate dependence [23,25] vs minimal dependence [28]),
duration of telerehabilitation (2.5-3 weeks [25,28] vs 12
weeks [23]), delivery mode of telerehabilitation (telephone
based [28] vs software based [23,25]), and type of con-
trol intervention (no intervention [28] vs in-person rehabili-
tation [23] vs written materials [25]). Moreover, substantial
methodological heterogeneity was found in the follow-up
period (3 weeks [25] vs 5.5 months [28] vs 9 months
[23] after the intervention). A random-effects model yielded
a positive result with moderate heterogeneity at follow-up
(SMD 0.43,95% CI 0.05-0.81; P=.03; ’=48%; P=.15; Figure
7 [23,25,28]). A sensitivity analysis excluded 1 study [28]
that differed substantially from the others in design (base-
line dependence level, type of telerehabilitation, and type
of control intervention). A random-effects model for the
remaining 2 studies [23,25] yielded a positive result with low
heterogeneity (SMD 0.66, 95% CI 0.26-1.05; P=.001; P=0%;
P=41; Figure 7 [23,25,28]).
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Figure 6. Forest plot of basic activity of daily living (BADL) results at the intervention end point. The analysis yielded a positive result at the
intervention end point with a standardized mean difference of 1.65 (95% CI 0.78-2.51; P<.001) and high heterogeneity (12=91%). Subgroup analyses
were conducted based on baseline dependence level and type of control intervention. A sensitivity analysis was conducted by excluding a study with

a high risk of bias [5,22-25]. IV: inverse variance.
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Figure 7. Forest plot of basic activity of daily living (BADL) results at follow-up. The analysis yielded a positive result at follow-up with a
standardized mean difference of 0.43 (95% CI 0.05-0.81; P=.03; I>=48%). A sensitivity analysis was conducted by excluding a study with a different

study design from the others [23,25,28]. IV: inverse variance.
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Discussion

Principal Findings

Our review found that postoperative telerehabilitation was
effective in improving short- and long-term hip function,
functional mobility, and ability to perform BADLSs in patients
with hip fractures compared to conventional rehabilitation.
However, current evidence was weak due to the limited
number and insufficient quality of the included studies and
the heterogeneity across studies.

Our findings align with previous evidence that telereha-
bilitation is beneficial to short-term recovery of functional
mobility and ability to perform BADLSs at posttreatment
compared to usual care [12]. Moreover, our review found
that hip function was also improved after telerehabilitation.
In addition, our findings revealed the effect of telerehabilita-
tion on long-term recovery (3 weeks to 9 months after the
intervention) in functional mobility and the ability to perform
BADLs. The effectiveness in improving BADLs showed
substantial heterogeneity across the included studies in the
postintervention analysis. Although subgroup analyses were
conducted based on the type of control intervention and the
baseline dependence level, they failed to reduce the heteroge-
neity. A potential source of heterogeneity may be the duration
of telerehabilitation as the statistical heterogeneity decreased
dramatically when 2 studies with telerehabilitation shorter (3
weeks) [25] and longer (6 months) [5] than 3 months were
excluded. Another potential source of heterogeneity may be
differences in adherence to the telerehabilitation programs.
Although only 2 of the 5 studies in the BADL analysis
reported adherence rates for telerehabilitation, the substantial
difference (87% [25] vs 15% [24]) suggests considerable
variability in compliance across studies.

This systematic review revealed that telerehabilitation
strategies, including exercises for strengthening the lower
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extremities, balance, coordination, stretching, and BADL
training, introduction of walking aids, and safety educa-
tion are commonly used for patients with hip fractures.
According to clinical practice guidelines, postoperative
progressive resistance exercises and balance training are
strongly recommended, and BADL training and complication
prevention are suggested for older patients with hip fractures
[29]. However, it is essential to standardize these training
programs to mitigate the risk of adverse events [30,31].

Regarding the delivery mode of telerehabilitation, most
studies used software- or mobile app-based telerehabilitation
with remote supervision by professionals, and only 2 studies
conducted before 2015 used DVD-based or telephone-based
telerehabilitation. Recently, the application of virtual reality
has become an increasingly common approach in telerehabi-
litation, with superior long-term benefits for patients with
total knee replacements compared with traditional rehabilita-
tion [32]. Although all these remote rehabilitation approaches
could facilitate adherence to postoperative management,
reduce costs, and decrease the burden on therapists and
caregivers, the efficacy of different delivery strategies could
vary. Future studies are needed to compare the cost-effective-
ness ratio between different delivery modes of telerehabilita-
tion.

Our findings may have several clinical implications. First,
substantial clinically important improvements in functional
mobility, as measured using the SPPS [33] and TUG test [34,
35], were observed following telerehabilitation compared to
usual care at the postintervention and follow-up time points.
However, the overall improvement in HHS (7.35 points)
fell below the minimal clinically important improvement
threshold (15.9-18 points) [36]. For BADLs, a large short-
term effect size (SMD 1.65) was found, but this decreased
to a small to moderate effect at the long-term follow-up
(SMD 0.43). Furthermore, no included studies demonstrated
a clinically relevant improvement for BADLs (21 points on
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the FIM [37] and 9.8 points on the BI [38]). These find-
ings indicate that telerehabilitation may be more beneficial
for functional mobility than for hip function or BADLs.
Second, we noted that most included studies were conducted
in countries with established research environments (Israel,
Spain, Portugal, and the United States), with China being the
only included country with an emerging research landscape.
Therefore, the generalizability of telerehabilitation requires
further investigation, specifically in terms of its feasibil-
ity and effectiveness in low- and middle-income countries.
Third, the included studies exhibited variable follow-up
periods (3 weeks to 9 months), which impedes the investi-
gation of long-term effects. Future studies could adopt a
more standardized follow-up schedule (eg, every 3 months
after the intervention). Fourth, adherence to telerehabilita-
tion was poorly reported in the included studies, leaving
its influence on the effect size unclear. As a key proposed
benefit of telerehabilitation is the facilitation of prolonged
rehabilitation training—and studies have demonstrated higher
compliance in telerehabilitation groups, potentially leading
to greater improvement [22,26]—detailed adherence data are
crucial for interpreting effectiveness. Future studies should
report adherence and compliance rates in detail and develop
effective supervision approaches to ensure the efficacy of
telerehabilitation.

Limitations

This study has several limitations. First, it only included
literature published in English, which may have omitted

Caiet al

relevant evidence from articles published in other lan-
guages, potentially introducing language bias and limiting the
generalizability of the findings. Second, the small number of
included studies and the substantial heterogeneity observed
influenced the strength of the evidence. Third, no statistical
analysis for publication bias was conducted due to the small
number of included studies.

Conclusions

Telerehabilitation is effective for short- and long-term
functional recovery in postoperative patients with hip
fractures compared to conventional rehabilitation. However,
the evidence is weak due to the limited number of inclu-
ded studies and the high heterogeneity across studies.
Future high-quality studies with larger sample sizes are
needed to investigate the effectiveness of telerehabilitation.
These studies should report the intervention strategies,
delivery modes, and adherence rates of interventions in
detail; incorporate comprehensive outcome measures for hip
function (eg, HHS), functional mobility (eg, SPPS and TUG
test), and ability to perform BADLs (eg, BI, MBI, and FIM);
and apply a relatively standard follow-up period to investigate
the long-term effect of telerehabilitation.
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