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ABSTRAK

Aktiviti fizikal berasaskan rumah dan komuniti (HCPA) menawarkan pendekatan yang mudah diakses
untuk meningkatkan pemulihan fungsi dan tahap berdikari dalam kalangan individu yang mengalami
kecederaan saraf tunjang (SCl). Walaupun berpotensi, bukti sedia ada masih belum konklusif kerana
kepelbagaian reka bentuk kajian, populasi dan intervensi yang digunakan. Tinjauan sistematik ini
bertujuan menilai variasi dalam ciri-ciri peserta dan strategi intervensi dalam program HCPA bagi
individu SCI, menilai keberkesanannya serta mengenal pasti jurang penyelidikan. Carian sistematik
telah dijalankan menerusi pangkalan data Cochrane, Medline, PubMed, ScienceDirect dan Scopus bagi
mengenal pasti kajian terkawal rawak (RCT) yang diterbitkan antara Januari 1994 hingga Januari 2024.
Istilah carian menggabungkan Medical Subject Headings dan istilah teks bebas bagi SCI, senaman rumah
atau komuniti, serta hasil prestasi fizikal. Daripada 8,370 rekod, hanya lapan RCT memenuhi kelayakan
selepas saringan ketat. Kualiti kajian dinilai menggunakan skala 'Physiotherapy Evidence Database’.
Kajian RCT yang disertakan menunjukkan kualiti metodologi sederhana serta kepelbagaian ketara dalam
ciri demografi, profil kecederaan, intervensi dan ukuran hasil. Bukti telah menunjukkan bahawa HCPA
boleh dilaksanakan, malah dapat memberi peningkatan sederhana dalam kecergasan fizikal serta hasil
fungsi. Program lazimnya melibatkan 2-4 sesi seminggu, dengan tempoh 30 hingga 60 minit setiap sesi
pada intensiti sederhana, yang merangkumi latihan aerobik, rintangan dan latihan kemahiran penggunaan
kerusi roda. HCPA merupakan pendekatan yang praktikal dan agak berkesan untuk individu dengan SCI.
Walau bagaimanapun, protokol yang lebih seragam dan disesuaikan mengikut keperluan individu amat
diperlukan. Penyelidikan pada masa hadapan perlu memberi keutamaan kepada RCT berskala besar dan
berkualiti tinggi bagi mewujudkan garis panduan berasaskan bukti untuk pelaksanaan yang mampan
dalam konteks pemulihan SCI di rumah dan komuniti.

Kata kunci: Aktiviti fizikal: kecederaan saraf tunjang; pemulihan komuniti; pemulihan fungsi; senaman
berasaskan rumah

630



Home & Community Physical Activity in SCI Med & Health Jul 2026; 21(2): 630-651

ABSTRACT

Home and community-based physical activity (HCPA) offer an accessible approach to enhancing
functional recovery and independence in individuals with spinal cord injury (SCI). Despite its potential,
evidence remains inconclusive due to heterogeneity in study designs, populations, and interventions.
This review aimed to evaluate the variability in participant characteristics and intervention strategies in
HCPA programs for SCI, assess their effectiveness, and identify research gaps. A systematic search was
conducted in Cochrane, Medline, PubMed, ScienceDirect and Scopus for randomised controlled trials
(RCTs) published between January 1994 and January 2024. Search terms combined Medical Subject
Headings and free-text terms for SCI, home or community exercise and physical performance outcomes.
From 8,370 records, eight RCTs met eligibility after rigorous screening. Study quality was assessed using
the Physiotherapy Evidence Database scale. The included RCTs demonstrated moderate methodological
quality and notable heterogeneity in demographic characteristics, injury profiles, interventions and
outcome measures. Evidence suggests HCPA is feasible and yields moderate improvements in physical
fitness and functional outcomes. Programs typically involved 2-4 sessions weekly, 30-60 minutes each,
at moderate intensity, incorporating aerobic, resistance and wheelchair skills training. HCPA is practical
and moderately effective for individuals with SCI. However, standardised, individualised protocols are
urgently required. Future research should prioritise large-scale, high-quality RCTs to establish evidence-
based guidelines for sustainable implementation in home and community rehabilitation contexts.
Keywords: Community rehabilitation; functional recovery; home-based exercise; physical activity;
spinal cord injury

INTRODUCTION . . . - .
has been increasingly recognised for its role in

Spinal cord injury (SCI) is a catastrophic condition
that disrupts motor, sensory and autonomic
functions,  substantially  affecting  physical
capacity and quality of life (QoL) (Hisham et al.
2022a). Globally, over 15 million individuals live
with SCI, with an estimated 250,000-500,000
new cases occurring annually (Lu et al. 2024).
Meanwhile, in the Asian region, East Asia had one
of the highest reported injuries, with 13 cases per
100,000 cases and a positive annual percentage
change of 0.7%, indicating an upward trend in
incidence rates (Yokota et al. 2024). Conversely,
Southeast Asia had a lower incidence of 7 per
100,000, accompanied by a decreasing trend
(-0.6% annual change) (Ding et al. 2022).
Individuals with SCI experience wide-ranging
secondary health complications and functional
limitations, including mobility  restrictions,
heightened risk of cardiometabolic diseases,
pressure injuries, and declines in psychosocial
well-being (Budd et al. 2022; Di Giulio et al. 2024;
Fryer et al. 2023; Hisham et al. 2025; Raguindin et

al. 2021). To combat these issues, physical activity

improving functional recovery and enhancing
both physical and psychological health among
populations with neurological and chronic
conditions (Azizan 2024; Azizan et al. 2023).
However, rehabilitation services that provide
education and training of HPA remain largely
facility-based, resource-intensive and short-
term, creating substantial barriers after discharge
(Hisham et al. 2022b; Manaf et al. 2018; Manaf
et al. 2021). Many individuals encounter
transportation challenges, reliance on caregivers,
long waiting times and the high cost of extended
facility care (Grossmann et al. 2021; Jeyathevan
et al. 2020). Specialised equipment requirements
and inconsistent availability of community-based
support further limit long-term engagement
(Declerck et al. 2021; Rayes et al. 2022).
Consequently, rehabilitation models that extend
beyond traditional clinical environments are
needed to provide more accessible, sustainable
and context-appropriate options. These benefits
underscore the potential value of home and

community-based  physical activity (HCPA)
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approaches for people with SCI.

Home-based physical activity refers to a
variety of physical activities conducted within the
domestic or family environment, rather than the
external facilities (Zhou et al. 2025). This category
also includes tele-exercise and remotely delivered
programs, provided that the primary activities
occur in the home setting, with or without virtual
supervision. In  contrast, community-based
physical activity describes the programs and
initiatives that promote physical activity within
a specific community, often through accessible
group settings like community centres or local
parks (Sivaramakrishnan et al. 2023). Together,
these approaches constitute HCPA interventions.
This review specifically focuses on adults with
SCI across the post-rehabilitation discharge and
chronic stages, where long-term self-managed
rehabilitation becomes critical. HCPA programs
offer flexible, personalised, and often lower-
cost alternatives that may enhance autonomy,
continuity, social participation, and real-world
functional application to this group (Barria
et al. 2025; Koh & Mortenson 2024). Despite
their promise, evidence supporting HCPA
for individuals with SCI remains limited and
fragmented. Existing reviews have predominantly
examined facility-based or supervised clinical
interventions (Peters et al. 2021; Vachova et al.
2024; van der Scheer et al. 2021), often merging
community- or home-based approaches into
broader categories. This blurs distinctions
between intervention types and leaves critical
questions unanswered regarding the unique
effectiveness and feasibility of decentralised, real-
world models.

Although emerging randomised controlled
trials (RCTs) suggest that HCPA interventions,
including home exercise, tele-rehabilitation
and community-based fitness programs, are
feasible and beneficial, the evidence remains
sparse (Froehlich-Grobe et al. 2022; Nightingale
et al. 2018). To date, no review has exclusively
synthesised RCTs evaluating HCPA for individuals
with SCI or captured the recent growth of
remote and community-integrated rehabilitation
strategies.
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Following the International Classification
of Functioning, Disability and Health (ICF)
framework (World Health Organisation 2001),
this review is informed by situating HCPA
outcomes across body functions (strength,
capacity),
performance) and participation (community
engagement, Qol) (Hadar-Frumer et al. 2023).
Considering

aerobic activities (functional

contextual factors enables a
comprehensive understanding of facilitators
and barriers influencing the implementation of
HCPA. Through this lens, the review focused on
generating evidence-based recommendations for
scalable, sustainable exercise programs that align
with the lived environments of individuals with
SCl.

Guided by Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) standards,  this

systematic review aimed to rigorously synthesise

methodological

evidence on the effects of HCPA interventions
among SCI individuals. In line with Population,
Intervention,  Comparison and  Outcomes
(PICO) framework, this review evaluated the
effects of different exercise modalities (aerobic
vs. resistance training) and delivery formats
(supervised vs. unsupervised; in-person vs.
remote) compared with usual care or alternative
interventions. The review also aimed to identify
optimal exercise prescription parameters using
the frequency, intensity, time and type (FITT)
principle while examining feasibility outcomes
such as adherence, satisfaction and strategies for

overcoming participation barriers.

MATERIAL AND METHODS

Search Strategy

This systematic review was conducted in
compliance with the PRISMA 2020 guidelines.
This study was also registered with PROSPERO
(CRD 42024542169). A comprehensive search
strategy was applied across five major health-
related databases, including Cochrane, Medline,
PubMed, ScienceDirect and Scopus, covering
the period from January 1994 to January 2024.



Home & Community Physical Activity in SCI

The broad search period was chosen because
earlier RCTs laid the foundational principles
of exercise prescription in SCl, many of which
remain clinically relevant today. Although
technology and rehabilitation approaches have
evolved, physiological training responses and
functional challenges in SCI have remained
largely consistent. Including older studies
prevented the loss of valuable evidence, allowed
long-term trends to be captured and supported
a more complete and coherent understanding of
the development of exercise-based interventions
over time.

The search combined Medical Subject
Headings (MeSH) and free-text terms: (“spinal
cord injury”) AND (“home” OR “community”)
AND (“exercise” OR “physical activity” OR
“intervention”) AND (“physical capacity” OR
“physical fitness” OR “physical performance”). To
ensure completeness, bibliographies of relevant
articles were also screened for additional eligible
studies.

Study Eligibility Criteria

Studies were included if they (i) involved
participants with SCI; (i) examined the effects
of home- or community-based exercise
interventions; (iii) reported on outcomes related
to physical capacity, physical fitness, or physical
performance; (iv) RCTs; and (v) were available in

English.
Studies Exclusion Criteria
Studies were excluded if they involved non-

non-SCl
animal models, non-English publications, non-

randomised  designs, populations,
peer-reviewed sources, or lacked full-text data.
Facility-based programs, conference proceedings,
reviews, and studies without relevant outcomes
were also excluded to ensure methodological
rigor and relevance.

Data Extraction

Data extraction was performed manually using
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a data extraction form that captured key study
information, including author, year, study design,
sample characteristics, intervention details,
comparison group, outcome measures and main
findings. The process adhered strictly to PRISMA
2020 guidelines to ensure methodological
transparency and reproducibility. Two reviewers
independently extracted data and discrepancies
were resolved through discussion until consensus
was reached, with the senior author moderating
the consensus sessions to ensure accuracy and

consistency.
Quality Assessment of the Study

The quality of the included studies was
appraised using the Physiotherapy Evidence
Database (PEDro) scale, which assessed the
methodological quality of clinical trials (Cashin &
McAuley 2020). The PEDro scale included items
on random allocation, concealed allocation,
baseline comparability, blinding, follow-up,
intention-to-treat (ITT) analysis and statistical
analysis. Each study was independently assessed
by two reviewers and any discrepancies were
resolved through consensus discussion with
senior authors.

Data Synthesis

Data from the included studies were synthesised
narratively due to substantial heterogeneity
in study design, participant characteristics,
intervention types and outcome measures.
Quantitative pooling or meta-analysis was not
attempted because the variability in exercise
modalities, program duration, intensity and
measurement  tools  precluded  meaningful
statistical aggregation. Instead, a descriptive
synthesis was conducted to summarise findings
on physical capacity, functional performance, and
fitness outcomes across home- and community-
based interventions. This qualitative approach
aligned with PRISMA 2020 recommendations
when data heterogeneity or incomplete reporting
limited quantitative integration.

The FITT framework was applied by

633



Med & Health Jul 2026, 21(2): 630-651

systematically extracting the frequency, intensity,
time and type of exercise prescribed in each study.
Frequency referred to the number of weekly
sessions, while intensity was standardised into
light, moderate or vigorous using reported heart
rate, Maximal Oxygen Consumption (VO, max),
Rate of Perceived Exertion (RPE) or resistance
loads. Session duration and interventions were
also extracted to enable consistent comparison
across highly diverse studies and helped identify
the exercise dosages most strongly associated
with improvements in physical capacity and
functional outcomes.

RESULTS
Study searching

The initial search identified 8,370 records across
five databases. After removing 413 duplicates,

Ong W. et al.

7,957 studies were screened, with 1,403 abstracts
and 12 full texts reviewed. Ultimately, eight RCTs
met all eligibility criteria and were included
in the final analysis, as outlined in the PRISMA
flowchart. Figure 1 showed the PRISMA flowchart
of the study searching and selection procedure.
Of these, four studies focused on home-based
physical activity interventions and four involved
community-based physical activity programs.

Participants’ Characteristics of Home-Based
Physical Activity Program

(a) Age and years since injury

Table 1 presented the participants’ demographic
and clinical characteristics, including age, years
since injury (YSI), gender distribution, injury
level and severity based on the American Spinal
Injury Association (ASIA) Impairment Scale (AlS
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FIGURE 1: Flowchart of the study searching and selection procedure (PRISMA)
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TABLE 1: Participants’ characteristics of the included studies of home and community physical

activity (HCPA) programs

Years Since Injury

Author Age Mean (SD) Mean (SD) Gender (n) Level of SCI (n)
Home-based Physical Activity
Nightingale et al. INT: 46 (6) y/o INT: 14 (11) yrs INT:M 9, F 4 INT: Té: 5, <T6:8
(2018) CON: 48 (10) y/o CON: 20 (10) yrs CON: M6, F 2 CON: Té6: 4, <T6: 4
Wouda et al. (2018) HIIT: 50 (15) y/o HIIT: 68 (31) days HIMTM8,F2  HIT: C1-C8: 7, T1-T5:
MIT: 34 (15) y/o MIT: 65 (34) days MIT:M 8, F 2 1, L1-L5: 2
CON: 41 (19) y/o CON: 73 (24)days CON:M9,F1 MIT: C1-C8: 4, T1-T5:
1, T6-T12: 3, L1-L5: 2
CON: C1-C8: 7,
T1-T5: 1, L1-L5: 1,
S1-S5: 1
Nightingale et al. INT: 46 (6) y/o INT: 14 (11) yrs INT:M 9, F 4 INT: Té: 5, <T6: 8
(2017) CON: 48 (10) y/o CON: 20 (10) yrs CON: M6, F2 CON: Té: 4, <T6: 4
Mulroy et al. (2011) INT: 47 (9) y/o INT: 17.9 (9.2) yrs INT: M 31 INT: High para: 27,
CON: 47 (12)y/lo CON:22.3(11.8)yrs ~ CON: M 26 Low para: 13
CON: High para: 16,
Low para: 24
Community-based Physical Activity
Worobey et al. INT: 40 (11.4) y/o INT: 13.5 (11.8) yrs INT: M 32 INT: Paraplegia: 29
(2016) CON: 41 (12.4)y/o  CON:129(12.5)yrs ~ CON:M 37 CON: Paraplegia: 31
Kirby et al. (2016) INT: 48.1 (13.6) y/o  INT: 16.6 (12.9) yrs INT: M 51 INT: Tetraplegia: 4;
CON: 47.1 (12.6) yJo  CON: 18.2 (13.0) yrs (96.2%) Para (L): 3; Para (T): 46
CON: M 50 CON: Tetraplegia: 9;
(94.3%) Para (L): 6; Para (T): 38
Pelletier et al. INT: 40.4 (11.6) y/o INT: 15 (8.52) yrs INT:M 12, F O INT: C3-T10
(2015) CON: 459 (11.5) yJo CON:9.25(10.0)yrs CON:M 9, F 2 CON: C1-T11
Totosy de Zepetnek INT: 39 (11) y/o INT: 15 (10) yrs INT:M 12, FO INT: C3-T10
et al. (2015) CON: 42 (13) y/o CON: 9 (10) yrs CON: M9, F2 CON: C1-T11

INT: Intervention; CON: Control; y/o: years old; YSI: Years since injury; M: Male; F: Female; C: Cervical;
T: thoracic; L: Lumbar; S: Sacral; AlS: ASIA Impairment Scale; HIIT: High-intensity interval training; MIT:

Moderate-intensity training.

classification). Across studies, the mean age ranged
from the mid-30s to late-40s, consistent with the
demographic profile of long-term SCI survivors.
Nightingale et al. (2017, 2018) reported mean
ages of approximately 46 years in intervention
groups and 48 years among controls, whereas
Mulroy et al. (2011) observed a comparable
mean of 47 years. Wouda et al. (2018) presented
a wider range (34-50 vyears), reflecting the
inclusion of both younger and older adults with
incomplete injuries. Years since injury averaged
14 to 22 years, indicating a chronically injured
cohort. This chronicity underscores the feasibility

and clinical relevance of prescribing home-based
exercise well beyond the acute rehabilitation
phase, offering secondary-prevention benefits for
long-term health maintenance.

(b) Gender distribution

Male predominance was evident across all
studies, mirroring global SCI epidemiology. In
Nightingale et al. (2017, 2018), males comprised
roughly 70% of participants, while Mulroy et
al. (2011) included exclusively male subjects,
reflecting higher injury incidence among men
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due to occupational and vehicular risk exposure.
Wouda et al. (2018) maintained a similar pattern,
with males representing 80-90% of each study
arm. Although consistent with population data,
this imbalance highlighted a persistent gap in
gender representation.

(c) Level of spinal cord injury

The neurological distribution of injuries extended
from cervical to lumbar levels, demonstrating the
adaptability of home-based exercise protocols
across varying functional capacities. Nightingale
et al. (2017, 2018) enrolled participants both
above and below T6, ensuring inclusion of
individuals with potential autonomic dysreflexia
risk as well as those with paraplegia. Mulroy et
al. (2011) differentiated participants into high
and low paraplegia subgroups, acknowledging
the mechanical loading demands on shoulder
joints during wheelchair propulsion. Wouda
et al. (2018) included ambulatory participants
with incomplete cervical and thoracic injuries,
extending the application of home-based
interventions to those with partial motor recovery.
Collectively, the heterogeneity in injury level
supports the versatility of individualised exercise
prescription, allowing home-based programs to
be tailored to functional ability while maintaining
safety and therapeutic benefit.

(d) Severity of injury (AIS Classification)

Most participants presented with incomplete
injuries, primarily classified as AIS C-D,
reflecting residual motor function conducive
to voluntary exercise. Nightingale et al. (2017,
2018) reported a majority of AIS A-B in the
control and intervention groups, yet still included
a meaningful subset of AIS C-D participants
capable of performing arm-crank exercises.
Wouda et al. (2018) predominantly recruited
participants with incomplete AIS D lesions,
with only one participant classified as complete
(ASIA-A), indicating high ambulatory potential.
Mulroy et al. (2011) included a broader spectrum
(AIS A-D), enabling assessment of exercise
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tolerance across severity levels. Overall, these
studies demonstrated that both complete and
incomplete injuries can benefit from structured,
home-based interventions when appropriately
adapted for neuromuscular capacity, emphasising
the inclusive applicability of such programs
within the chronic SCI population.

Participants’ Characteristics of Community-
Based Physical Activity Program

Table 1 summarised the demographic and
clinical characteristics of participants, including
age, years since injury, gender distribution, level
of SCI and severity of impairment, as classified by
the AlS scale.

(a) Age and years since injury

The mean age ranged between 39 and 48 years
across studies. Kirby et al. (2016) reported the
oldest cohort (48.1 + 13.6 years), while Totosy
de Zepetnek et al. (2015) observed a slightly
younger population (39 + 11 years). The years
since injury varied from 9 to 18 years, reflecting
that participants were well beyond the acute
recovery stage. Pelletier et al. (2015) noted that
participants averaged 15 years post-injury in the
intervention group, indicating sustained interest
and feasibility in structured exercise even after
extended disability duration.

(b) Gender distribution

Kirby et al. (2016) reported over 95% male
representation in both intervention and control
groups, whereas Pelletier et al. (2015) and Totosy
de Zepetnek et al. (2015) included only two to
three female participants across all cohorts.
Similarly, Worobey et al. (2016) recruited entirely
male samples.

(c) Level of spinal cord injury
The neurological level of injury across studies

ranged from cervical to thoracic segments,
encompassing both tetraplegia and paraplegia.
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Kirby et al. (2016) reported that the majority
of participants had thoracic paraplegia (n =
46) with smaller subsets of lumbar paraplegia
and tetraplegia, reflecting a functionally
heterogeneous cohort. Similarly, Pelletier et
al. (2015) and Totosy de Zepetnek et al. (2015)
included participants with injuries from C1-T11,
ensuring inclusion of individuals with varying
upper-limb capacity and autonomic control.
Worobey et al. (2016) recruited only participants
with paraplegia, resulting in a more homogeneous
group ideal for evaluating wheelchair skills and
functional independence. Collectively, these
distributions demonstrated the adaptability of
community-based programs across different
injury levels, with evidence supporting both
high- and low-level participants benefiting from
structured mobility and exercise interventions.

(d) Severity of injury (AIS Classification)

Most participants were classified as incomplete
(AIS C-D), representing those with partial motor
preservation capable of voluntary exercise.
Pelletier et al. (2015) included a mix of AIS A-D
participants, while Totosy de Zepetnek et al.
(2015) reported a predominance of incomplete
injuries (AIS C-D = 9) compared to complete
injuries (AIS A-B = 3) in the intervention group.
This distribution supported the inclusion of
individuals with varying degrees of neurological
completeness and incomplete SCI populations
can safely engage in community-based physical
activity with appropriate supervision.

Home-Based

Study Characteristics  of

Physical Activity Program

Table 2 outlined the characteristics of RCTs
evaluating these programs, including study
design, outcome measures, interventions, control
conditions and main findings.

(a) Study design and duration

All included studies employed RCT designs,
confirming a high methodological standard
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for evaluating home-based physical activity
interventions. The intervention duration ranged
from 6-12 weeks. Nightingale et al. (2017, 2018)
implemented ~ six-week  moderate-intensity
programs, while Wouda et al. (2018) and Mulroy
et al. (2011) conducted 12-week interventions to
assess both physiological and musculoskeletal

outcomes.
(b) Sample size

Sample sizes varied from small-scale pilot cohorts
to large controlled trials. The smallest sample was
reported by Nightingale et al. (2017, 2018) with 21
participants (13 intervention, 8 control), focusing
on cardiorespiratory and metabolic adaptations.
Wouda et al. (2018) included 30 participants
equally distributed among high-intensity interval
training  (HIIT), moderate-intensity  training
(MIT) and control groups. Mulroy et al. (2011)
conducted the largest trial with 80 participants,
targeting upper-limb musculoskeletal health.

(c) Type of outcome measures

Outcome measures spanned physiological,
metabolic and psychosocial domains. Nightingale
et al. (2018) evaluated health-related quality of
life (HRQoL) using SF-36, fatigue and exercise
self-efficacy. Wouda et al. (2018) assessed
aerobic capacity through peak Maximal Oxygen
Consumption (VO,), 6 Minute Walk Test (6MWT),
and activity tracker data, while Mulroy et al.
(2011) focused on musculoskeletal pain (WUSPI)
and functional shoulder torque. Nightingale et al.
(2017) also analysed fasting insulin and HOMA-
IR to explore metabolic adaptations.

(d) Intervention characteristics

Nightingale et al. (2017, 2018) prescribed four
weekly sessions of 45-minute, moderate-intensity
arm-crank exercises using portable ergometers,
progressively increasing duration and resistance.
Wouda et al. (2018) compared high-intensity
interval training (HIIT) (4 x 4-minute bouts at 85—
95% HRpeak) and moderate-intensity training
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(MIT) (continuous 45-minute sessions at 70%
HRpeak) walking/running regimens performed
two to three times weekly. Mulroy et al. (2011)
implemented a  comprehensive  shoulder
rehabilitation program emphasising stretching,
hypertrophy, and endurance strengthening using

resistance bands and controlled repetitions.
(e) Control conditions

Control groups across studies typically maintained
lifestyle or educational routines without structured
exercise. Nightingale et al. (2017, 2018) provided
lifestyle maintenance guidance, while Wouda
et al. (2018) used a “usual treatment” approach
allowing spontaneous physical activity. Mulroy
et al. (2011) delivered educational materials
and instructional videos on shoulder care but
excluded active training.

Study Characteristics of Community-Based
Physical Activity Program

In Table 3, all four studies employed RCTs
designs, demonstrating high methodological
rigor in evaluating community-based physical
activity interventions among individuals with SCI.
The program durations varied from eight weeks
to one year, reflecting a range of short-term to
longitudinal designs that allowed assessment of
both immediate and sustained effects. Shorter
interventions, such as the 8-week wheelchair
skills training program (WSTP) by Worobey et al.
(2016), focused on functional outcomes, whereas
longer studies, including Kirby et al. (2016),
adopted extended follow-ups to capture long-
term functional and psychosocial benefits.

(a) Sample size

Sample sizes across studies were moderate,
ranging from 23 participants (Pelletier et al.
2015; Totosy de Zepetnek et al. 2015) to 106
participants (Kirby et al. 2016). These participant
numbers provided sufficient power to detect
meaningful between-group differences while
maintaining feasibility within community settings.

640
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The majority of studies achieved balanced group
allocation, with intervention and control groups
showing comparable baseline characteristics,
thereby supporting the internal validity of the
findings.

(b) Type of outcome measures

Outcome measures were diverse, capturing
both functional performance and physiological
adaptations. Worobey et al. (2016) and
Kirby et al. (2016) emphasised functional
mobility, utilising the Wheelchair Skills Test
Questionnaire  (WST-Q), Goal Attainment
Scale (GAS), and CHART Mobility sub-score to
assess improvements in real-world mobility and
participation. Conversely, Pelletier et al. (2015)
and Totosy de Zepetnek et al. (2015) focused on
aerobic capacity, muscle strength, and vascular
and metabolic health, using parameters such as
peak oxygen consumption (VO,peak), arterial
distensibility and body composition indices.
This multidimensional assessment highlighted
benefits
of community-based exercise programs in
individuals with SCI.

the comprehensive  rehabilitative

(c) Intervention characteristics

Intervention approaches varied but shared a
focus on structured, supervised and community-
integrated participation. Worobey et al. (2016) and
Kirby et al. (2016) implemented WSTP, delivered
through weekly group sessions or individualised
coaching emphasising balance, propulsion and
advanced wheelchair handling. In contrast,
Pelletier et al. (2015) and Totosy de Zepetnek et
al. (2015) adopted Physical Activity Guideline
(PAG)-based community exercise programs
that combined aerobic and resistance training
at moderate to vigorous intensity for 16 weeks.
Collectively, these interventions promoted self-
efficacy, cardiorespiratory endurance, and upper-
limb strength, highlighting the adaptability of
community-based formats to various functional
levels and goals.
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(d) Control conditions

Control groups typically received education-

based or unsupervised physical activity
interventions. Worobey et al. (2016) provided
health education on aging and nutrition, while
Kirby et al. (2016) incorporated home-based
sessions focused on strength and pressure-
relief practices. Similarly, Pelletier et al. (2015)
and Totosy de Zepetnek et al. (2015) assigned
participants to general, unsupervised exercise
without standardised intensity or frequency.
Across all studies, these control conditions led
to minimal improvements, emphasising that
structured, community-based and supervised
engagement was essential to achieve meaningful

physical and functional outcomes.
PEDro Methodological Quality of Study

The methodological quality of the included
RCTs was assessed using the PEDro scale, which
was specifically designed for physiotherapy and
rehabilitation research. The PEDro scale assessed
core aspects, including random allocation,
allocation concealment, baseline comparability,
blinding, follow-up and statistical reporting.
Given its strong validity and reliability within
rehabilitation studies, PEDro was deemed
sufficient and appropriate for this review. The
methodological quality of the included RCTs
was assessed using the PEDro scale, as shown
in Table 4. Overall, scores ranged from 6 to 10,
indicating moderate to high methodological
quality. Studies on community-based programs
generally demonstrated stronger methodological
rigor compared with home-based interventions,
particularly in allocation concealment and
assessor blinding.

Home-Based Physical Activity Programs

The four RCTs evaluating home-based physical
activity programs, such as Nightingale et al.
(2018), Wouda et al. (2018), Nightingale et
al. (2017) and Mulroy et al. (2011), achieved

Med & Health Jul 2026, 21(2): 630-651

moderate methodological quality, with PEDro
scores ranging from 6 to 8.

(a) Eligibility criteria and random allocation

All studies clearly described eligibility criteria
and used random assignment, ensuring adequate
internal validity. This methodological consistency
supported the reliability of findings across
heterogeneous SCI samples.

(b) Concealed allocation and baseline similarity

Concealed allocation was reported in Nightingale
et al. (2018) and Mulroy et al. (2011), reducing
potential selection bias. All studies confirmed
baseline similarity between groups regarding
demographic and clinical variables, strengthening
comparability.

(c) Blinding

Due to the practical limitations of home-based
exercise interventions, participant and therapist
blinding was not feasible. However, Wouda et
al. (2018) and Mulroy et al. (2011) incorporated
assessor blinding, improving data objectivity.

(d) Outcome measures and intention-to-treat
analysis

All studies employed validated and reliable
instruments, such as VO,peak, SF-36 and
fatigue and

strength  measures, ensuring

strong measurement validity. ITT analysis
was inconsistently reported, which may have
influenced the management of missing data or

attrition bias.
(e) Between-group comparison and data reporting

All studies provided between-group comparisons
and reported variability data (means, SD, CI),
supporting
reproducibility.

transparent  interpretation  and
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(f) Overall quality

PEDro scores of 6-8 indicated moderate
methodological strength. The main limitations
included a lack of participant blinding and
incomplete ITT reporting, which were common
challenges in physiotherapy and exercise-based
interventions conducted in home environments.

Community-Based Physical Activity Programs

The four RCTs evaluating community-based
physical activity programs, such as Worobey et
al. (2016), Kirby et al. (2016), Pelletier et al. (2015)
and Totosy de Zepetnek et al. (2015) showed
moderate to high methodological quality, with
scores ranging from 6 to 10.

(a) Eligibility Criteria and Random Allocation

All studies met the inclusion and randomisation
criteria, ensuring robust participant selection and
internal validity.

(b) Concealed Allocation and Baseline Similarity

Concealed allocation was applied in Worobey et
al. (2016) and Kirby et al. (2016), limiting selection
bias. Baseline group similarity was reported
consistently across all studies, reinforcing valid
between-group comparisons.

(c) Blinding

Blinding of participants and therapists was
largely infeasible, though Worobey et al. (2016)
implemented partial subject and assessor
blinding. This study attained the highest
methodological rating (score = 10), reflecting
exemplary rigor in randomisation, outcome
assessment and data reporting.

(d) Outcome measures and intention-to-treat
analysis

All community-based trials used reliable and
standardised outcome tools, including WST-Q,

Med & Health Jul 2026, 21(2): 630-651

GAS, VO,peak and vascular indices. ITT analysis
was more frequently applied in this group than
in home-based studies, enhancing analytical
robustness.

(e) Between-group comparison and data reporting

All studies performed between-group analyses
and consistently presented point and variability
data, enabling detailed evaluation of treatment
effects and facilitating inclusion in meta-analyses.

(f) Overall quality

Among the community-based trials, Worobey
et al. (2016) demonstrated high methodological
quality (score = 10), while others (Kirby et al.
2016; Pelletier et al. 2015; Totosy de Zepetnek
et al. 2015) were rated as moderate quality
(scores = 6-7). Collectively, these studies showed
strong design and reporting integrity, with
methodological limitations primarily confined
to blinding challenges inherent in behavioural
rehabilitation research.

DISCUSSION

This review synthesised evidence from RCTs
evaluating HCPA programs for individuals with
SCI. The findings demonstrate that structured
exercise interventions, regardless of delivery
mode, can produce meaningful improvements
in physical capacity, functional performance,
and overall fitness, with community-based and
supervised formats yielding the most consistent
and clinically significant effects.

Effects on Physical Capacity, Functional
Performance and Fitness

Both home and community-based interventions
were associated with measurable physiological
and functional gains. Home-based programs
by Nightingale et al. (2017, 2018), Wouda et
al. (2018) and Mulroy et al. (2011) improved
cardiorespiratory endurance (VO,peak), muscle
strength, and shoulder function, while reducing
pain and fatigue levels. The use of accessible
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modalities such as arm-crank ergometry and
resistance bands promoted feasible, individualised
training that enhanced aerobic capacity without
specialised equipment. Conversely, community-
based programs by Worobey et al. (2016), Kirby
et al. (2016), Pelletier et al. (2015) and Totosy de
Zepetnek et al. (2015) showed stronger effects on
functional independence, wheelchair mobility
and upper-limb strength. Group wheelchair skills
training and supervised resistance or aerobic
sessions significantly improved WST-Q scores,
GAS outcomes and CHART Mobility sub-scores.
These gains translated into enhanced daily
mobility, improved cardiometabolic health, and
better Qol, highlighting the multidimensional
benefits of exercise beyond physiological
adaptation. Consistent with evidence from
neurodegenerative populations, such as the
exercise-based intervention for mild Alzheimer’s
disease reported by Azizan et al. (2023), HCPA
may enhance mood, motivation and overall
life satisfaction in persons with SCI dimensions
that are often underrepresented in traditional
rehabilitation metrics. Collectively, the results
confirm that both intervention types may be
effective, but the magnitude and durability of
improvement tend to be higher in supervised,
community-integrated contexts, where structured
feedback, peer interaction and environmental
support enhance engagement and training
fidelity.

Comparison of Exercise Modalities

The resistance training employed by Mulroy et
al. (2011) and Pelletier et al. (2015) produced
significant gains in upper-limb strength, torque
generation and pain reduction, while aerobic
interventions in the studies by Nightingale et
al. (2017) and Wouda et al. (2018) primarily
improved cardiovascular fitness, endurance and
fatigue management. Importantly, combined
demonstrated
synergistic effects, improving both metabolic
health
This dual approach enhances mitochondrial

aerobic-resistance  protocols

and  musculoskeletal  performance.

function, optimises glucose utilisation and
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reinforces musculoskeletal function, thereby
addressing both strength and cardiorespiratory
limitations simultaneously (Clemente-Suarez et
al. 2024). Such integrative training paradigms are
particularly crucial in SCI populations, where
muscle weakness, reduced aerobic capacity and
systemic deconditioning coexist (Harvey et al.
2023).

Optimal Dosage and Application of the FITT
Framework

The FITT principles varied across interventions,
yet certain patterns emerged. Programs delivering
exercise 2-3 sessions per week, at moderate-to-
vigorous intensity (60-80% VO,peak or 50-70%
1-RM), for 30—60 minutes per session, over 816
weeks, were associated with the most substantial
physiological and functional gains. For example,
Pelletier et al. (2015) and Totosy de Zepetnek et
al. (2015) demonstrated significant aerobic and
muscular improvements following 16 weeks of
twice-weekly Physical Activity Guideline (PAG)
based training, while Nightingale et al. (2018)
achieved comparable cardiovascular outcomes
in just 6 weeks using high-adherence, moderate-
intensity home sessions. The type of exercise,
whether upper-limb  ergometry, resistance
training, or wheelchair skills, was secondary to
consistency, progression and individualisation
of the workload. These findings support existing
SCI exercise guidelines recommending at least
20 minutes of moderate-intensity aerobic activity
twice weekly, supplemented with strength
training for major functioning muscle groups
(Pelletier 2023). The results also suggest that
programs integrating progressive overload and
functional relevance (e.g., wheelchair propulsion
tasks, upper-body transfers) yield superior
translation to daily activity performance.

Comparison of Delivery Modes (Feasibility,
Adherence, and Participant Satisfaction)

When comparing delivery modes, supervised
and community-based formats consistently
outperformed unsupervised or purely home-
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based interventions. Feasibility outcomes across
studies show high retention and adherence rates
(80%) in supervised community programs and
moderate adherence in home-based formats.
Participants  frequently  reported enhanced
self-efficacy, reduced feelings of isolation
and improved participation  satisfaction,
particularly when programs were group-based
or incorporated peer mentorship (Wedege et al.
2024). These psychosocial and environmental
advantages translated into high adherence
and retention rates, sustained motivation,
and meaningful improvements in functional
capability and perceived health. In contrast,
remote or home-based programs, while more
accessible, faced greater variability in adherence
and exercise intensity.

Although SCI individuals frequently encounter
barriers such as transportation challenges,
high adaptive equipment costs, limited facility
accessibility and fluctuating motivation (Hisham
et al. 2022b; Mat Rosly et al. 2018), community-
based programs have been shown to mitigate
these issues by offering peer support, structured
scheduling and professional supervision (Koh &
Mortenson 2024). At the same time, home-based
programs address similar challenges through
flexible scheduling, reduced travel demands and
lower overall costs (Barria et al. 2025). A study
by Nightingale et al. (2018) demonstrated that
when participants received structured guidance
and self-monitoring tools, remote home-based
exercise could still yield meaningful health
benefits.

Our findings are consistent with prior
systematic reviews. Similar to Van der Scheer et
al. (2021), home-based programs using functional
or voluntary exercise improved cardiorespiratory
fitness and muscle strength among individuals
with SCI when sufficient intensity was achieved.
Likewise, Vachova et al. (2024) demonstrated that
behaviour-supported interventions education,
coaching, and feedback, significantly increased
physical activity participation. However, unlike
these reviews, our synthesis focuses specifically
on home and community-based programs,
highlighting real-world feasibility and adherence.
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Variations in intervention delivery and participant
context explain minor discrepancies, yet all
evidence supports home-based physical activity
as an effective, sustainable strategy for long-term
SCI health management.

Therefore, emerging technological supports,
including telemonitoring systems and virtual
coaching platforms, represent a promising
avenue to strengthen adherence, enhance
continuity of care, and reduce social isolation
among individuals with SCI (Brahmbhatt et al.
2022). These tools have the potential to bridge
the gap between home- and community-based
programs by providing real-time guidance,
progress tracking, and opportunities for remote
interaction with clinicians and peers.

Heterogeneity and Its Impact on Study
Outcomes

Substantial heterogeneity was observed across
studies in terms of participant characteristics,
intervention dosage, and injury severity, which
influenced the interpretation of outcomes.
Sample sizes ranged from 21 to 106 participants,
with smaller pilot trials demonstrating promising
but less generalisable improvements in aerobic
capacity, wheelchair skills and shoulder function,
while larger studies confirmed functional gains
and enhanced community mobility with greater
confidence. Program duration varied from 6 to 52
weeks, and interventions ranged from moderate-
intensity arm-ergometry to high-intensity training
and multicomponent wheelchair-skills programs.
Studies with longer and more frequent training
sessionsgenerally reportedsuperiorimprovements
in cardiovascular fitness, upper-limb strength,
and participation outcomes, suggesting a dose-
response relationship. Variation in neurological
level and severity (from AIS A tetraplegia to AlS
D paraplegia) also contributed to differential
responsiveness; individuals with incomplete
injuries tended to achieve greater functional
gains, whereas those with complete injuries
still  demonstrated meaningful improvements
in efficiency, self-efficacy and community
participation when appropriately supported.
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Although this heterogeneity complicates direct
comparison and limits meta-analytic synthesis,
it underscores the adaptability of HCPA models
and highlights the importance of individualised
prescriptions tailored to injury level, functional
capacity, and environmental context.

The ‘Rise and Falls’ of Home and Community-
Based Research Trends

Between 2010 and 2018, research on home- and
community-based rehabilitation interventions
experienced a

notable surge, driven by

increased recognition of health inequities
among individuals with disabilities, advances in
mobile health technology and policy initiatives
emphasising decentralisation of care (Ahmed
et al. 2025; Musselman et al. 2018; Kirby et al.
2016). This expansion reflected a paradigm shift
toward patient-centered rehabilitation and the
empowerment of individuals to self-manage long-
term conditions within familiar environments.
However, publication trends began to decline
after approximately 2018 for home-based and
2016 for community-based interventions. This
apparent reduction likely represents not a true
loss of interest, but rather a conceptual evolution
toward hybrid or digital rehabilitation models
such as tele-supervised, web-enabled or app-
integrated programs that no longer fall neatly
under traditional categorical terms. The global
pivot to telehealth during the COVID-19 era
further accelerated this methodological transition
(Mirbaha et al. 2023). Concurrently, persistent
challenges in  standardising intervention
protocols, ensuring long-term adherence, and
maintaining supervision fidelity in unsupervised
or resource-limited settings may have tempered
the expansion of conventional home- and
community-based trials.

Limitations of the Study
This systematic review is subject to several
limitations that should be acknowledged. The

evidence base remains limited due to the small
number of eligible RCTs (n = 8), which constrains
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the robustness and generalisability of the
conclusions. Furthermore, the included studies
demonstrated only moderate methodological
quality based on PEDro assessments, indicating a
potential risk of bias. The predominance of male
participants across the trials also introduces a
gender imbalance that may limit the applicability
of the findings to female individuals with SCI. In
addition, the lack of long-term follow-up data
across most studies restricts insight into the
sustained effectiveness of HCPA interventions.
Finally, heterogeneity in intervention approaches
and outcome measures precluded the conduct
of a meta-analysis, thereby limiting the ability to
synthesise and compare outcomes across studies
quantitatively.

Future Research Directions

HCPA programs are feasible, safe and safety
in functional performance and physiological
health for individuals with SCI. Collectively,
findings from related populations, including
those with cognitive and mobility impairments
(Azizan et al. 2023), further affirm that
structured physical activity contributes to both
physical and psychosocial resilience. These
interventions have demonstrated meaningful
gains in cardiorespiratory fitness, muscular
strength, functional independence, and quality
of life. Clinically, these findings support the
implementation of HCPA models that prioritise
safety screening, appropriate progression of
exercise intensity, and ongoing monitoring to
ensure safe and effective participation. Integrating
digital technologies and tele-supervised platforms
can further enhance accessibility, continuity of
care, and long-term engagement, particularly for
individuals facing mobility or geographic barriers.
Ultimately, standardised, individualised and
digitally supported HCPA programs may bridge
the gap between institutional rehabilitation
and lifelong community participation for
individuals with SCI. There is also a likelihood
of publication bias, considerable heterogeneity
across interventions and important data gaps
in community-based studies, all of which may
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reduce the completeness, representativeness and
overall strength of the available evidence.

CONCLUSION

HCPA programs are feasible, safe and moderately
effective in improving health and functional
outcomes among SCI individuals. Collectively,
findings from related populations, including
those with cognitive and mobility impairments,
further affirm that structured physical activity
contributes to both physical and psychosocial
resilience. These interventions have demonstrated
meaningful gains in cardiorespiratory fitness,
muscular strength, functional independence, and
quality of life. Clinically, these findings support the
implementation of HCPA models that prioritise
safety screening, appropriate progression of
exercise intensity and ongoing monitoring to
ensure safe and effective participation. Integrating
digital technologies and tele-supervised platforms
can further enhance accessibility, continuity of
care and long-term engagement, particularly for
individuals facing mobility or geographic barriers.
Ultimately, standardised, individualised and
digitally supported HCPA programs may bridge
the gap between institutional rehabilitation and
lifelong community participation for individuals
with SCI. Healthcare providers should integrate
HCPA into long-term rehabilitation pathways,
and policymakers should prioritise community
resources, funding mechanisms and digital
infrastructure to support scalable HCPA options
for individuals with SCI.
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