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Abstract: Sit-To-Stand (SitTS) training is often performed by 
patients who may require arm assistance to perform it 
successfully. This study examines the role of arms in per-
forming the SitTS maneuver to better understand their 
contribution and clinical significance. This review synthe-
sizes the reported outcome measures of arm-assisted SitTS 
exercise programs in people with physical impairments. 
Web of Science (WoS) and Scopus™ databases were searched 
for relevant studies up to May 2025. Inclusion and exclusion 
criteria were used to screen the titles and abstracts of arti-
cles identified using key search terms related to SitTS activity 
and arm support. Only articles that met the key terms were 
extracted and analyzed in this study. A total of 47 studies 
reported arm support measures during SitTS, either in 
clinical or biomechanical contexts. These studies highlighted 
various methods and tools used to assess the body’s state 
during the rising movement. Joint angle and SitTS duration 
are clinically applicable and more easily measured 
compared to seat, foot, and arm forces which require 
specialized instrumentation. Balancing clinical measures 
with detailed biomechanical assessments is important in 
enabling practitioners and researchers to evaluate and 
enhance SitTS interventions that involve arm assistance, 
ultimately improving rehabilitation outcomes.

Keywords: arm assistance; arms contribution; biome-
chanics; rehabilitation; Sit-To-Stand

Introduction

Sit-to-stand (SitTS) movement, also known as the chair rise 
task, is a vital functional activity required for various 
daily movements, such as getting out of bed, walking, and 
climbing stairs. It reflects an individual’s ability to 
perform the SitTS task independently using lower ex-
tremity strength alone. This daily task is essential for 
maintaining functional independence, mobility, and 
overall physical well-being [1]. Although SitTS may appear 
simple, it can have significant effects on SitTS perfor-
mance, particularly in individuals with impairment or 
loss of function, where compensatory strategies need to be 
considered [2, 3]. Early in rehabilitation, not all patients 
are able to perform SitTS without arm assistance; hence, 
their progress cannot be fully evaluated before they can 
perform SitTS on their own.

Several studies have reported overall movement per-
formance; however, the use of assistive devices involving the 
arms has only been briefly addressed in their methodologies. 
Previous review on SitTS exercises have focused primarily 
on its determinants and improvements in physical capacity 
measures [1, 4]. The performance of the SitTS movement is 
significantly affected by the chair seat height, the use of 
armrests, and foot positioning. Each of these elements plays 
a critical role in determining the efficiency and safety of the 
SitTS task, particularly among different populations such as 
older adults and individuals with musculoskeletal disorders. 
A recent review highlighted the effectiveness of SitTS exer-
cises in improving balance among patients with various 
neurological conditions [3].

However, a notable gap exists in the comparative anal-
ysis of different assessment methods for the SitTS move-
ment, particularly regarding the role of upper limb (UL) 
positioning and use during these exercises. This review 

examined the effect of SitTS exercise programs, involving 
arm assistance on patient-related outcomes in people with 
physical impairments due to health conditions.
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In the context of this review, arm support refers to any 
physical assistance provided to or utilized by the UL during 
the SitTS movement. This may include chairs with armrests, 
assistive devices such as walkers placed in front of the chair, 
handrails mounted on a wall beside the seat, or even the use 
of arm momentum (swinging or thrusting) to generate an 
upward force that aids in rising from the chair. 

Considering that determinants and outcome measure 
criteria depend on the protocol used and are specific to the 
population studied, there are no published reviews that 
specifically focus on the arm assistance contribution. An 
updated review is warranted to gain insight into studies on 
the value of arm support on the SitTS movement, especially 
in view of its role due to the neurological conditions. 
Therefore, this systematic review analysis aims to (1) gain 
insight into studies protocol on the related arm support 
contribution in available SitTS study movement and (2) 
investigate its role of the ‘hidden assistance’, i.e., arm force 
parameters and outcome measures, which are under-
reported but could be of significant value if better 
understood.

Methods

Literature search strategy

This systematic review was performed according to the 
guidelines of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) [5]. The literature 
search was carried out from October 2023 to May 2025 
through two electronic databases: Scopus and Web of Sci-
ence. The search terms used are presented in Table 1. All 
manuscripts were imported to EndNote X8 (Thomson Reu-
ters, Carlsbad, CA) and duplicates were removed.

Eligibility criteria

Studies on arm-assisted SitTS by healthy individuals or with 
physical impairments due to health conditions published 
between June 1992 and May 2025 were included in this review. 
In Stage I, the relevant keywords were required to appear in 
the title or abstract of the articles to be included. However,

keywords that were used in the title or abstract but had a 
different meaning or were not relevant to the intended scope 
were excluded. Subsequently, to ensure accurate assessment 
of study quality, duplicate articles and articles without full 
text available were also screened and excluded.

In Stage II, studies were excluded if arm support was not 
the main intervention and consisted only of methodology 
conditions. Additionally, studies that do not have the full pa-
per, including proceedings papers or meeting abstracts, were 
excluded too. This was to remove studies that lacked adequate 
data for accurate assessment of study quality. One study was 
excluded because the article was retracted by the journal. 
Studies published in English language and those that met the 
other eligibility criteria were retained for further analyses. 

In Stage III, all included studies were fully read through, 
and those that met the inclusion criteria, including discus-
sion of arm contribution and its outcome measures were 
retained.

Results

Characteristics of included studies

Initially, 3,694 articles were retrieved for possible inclusion 
(Figure 1). After title and abstract screening, 2,405 articles 
were retained for Stage I review. A total of 153 articles spe-
cifically related to arm support in SitTS were included in 
Stage II review. Finally, for Stage III, 47 studies related to arm 

support contribution were included for assessment of study 
quality. Outcome measures also included parameters that 
may not necessarily represent the main findings of the 
reviewed studies.

Timeline in the publication of studies related 
to arm support contribution in SitTS

Figure 2 presents an infographic summarizing 47 studies 
related to the contribution of arm-assisted SitTS movement, 
as identified across various databases. This visual timeline 
offers a clearer understanding of the progression of research 
over the past 33 years, beginning in June 1992 with founda-
tional studies that primarily explored the biomechanics of 
SitTS, focusing on the roles of different body segments. In the 
early stages from 1990s to early 2000s, the majority of 
studies, such as those by Schultz et al., [6], Naqvi et al., [7], 
and Bahrami et al., [8], focused on biomechanical aspects. 
These works primarily established baseline knowledge by 
validating forces, analyzing joint mechanics, and developing 
theoretical frameworks within clinical contexts.

Table : Search term used in the study.

Search topic Keywords

Activity “Sit To Stand” OR “Sit-To-Stand” OR “Standing Up” 
Search topic measures hand   * OR arm * OR “upper limb”
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Moving into the middle period, from 2005 to 2015, 
research efforts became more diverse and began to bridge 
the gap between technical and practical applications. Studies 
such as Saint-Bauzel et al., [9] and Robert et al., [10] explored 
assistive systems and modeling equations, while works like 
Leung and Yeh [11], Houck et al., [12] began validating these 
concepts in user-centered or clinical contexts. This period 
reflects an expansion in scope, with researchers moving 
beyond laboratory modeling into applied studies that 
addressed usability, safety, and the needs of real users. 

From 2016 to 2022, the field experienced rapid growth 
and integration of new technologies, including robotics, 
wearable sensors, artificial intelligence, and rehabilitation 
frameworks. Recent contributions, such as those by Li 
et al., [13], Smith et al., [14], Kato et al., [15] and Abd Aziz 
et al., [16] demonstrate an emphasis on both technical 
advancement and clinical application. The trend continues 
into 2023–2025 with works by Kihara et al., [17], Oliveira 
et al., [18] Lau and Mombaur et al. [19], and Mahdi et al. 
[20], which reflect multidisciplinary approaches and a 
strong focus on both technical development and real-world 
clinical application.

Overall, the timeline illustrates a progression from 

foundational biomechanical and early technical in-
vestigations of arm-assisted SitTS studies in the initial years, 
to more advanced research emphasizing the importance of 
arm support in the mid-phase. In recent years, research on 
this topic has evolved toward integrated technical and clin-
ical validations, incorporating multidisciplinary ap-
proaches. This shift highlights that the field has matured 
from theoretical groundwork to practical, patient-centered 
applications, with the current trajectory pointing toward 
clinically approved and widely usable rehabilitation and 
assistive technologies.

Summary of arm support contribution in 
SitTS

Of the 153 studies identified in Stage II, a total of 47 studies 
addressed the arm support contribution to the SitTS move-
ment. These studies highlighted the role of the arms either as 
‘measurable parameters’ or ‘outcome measures’ in clinical 
and technical studies, as shown in Table 2. ‘Measurable

Figure 1: PRISMA flow diagram of the screening process for studies included in this systematic review.
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parameters’ refer to the specific parameters observed and 
evaluated in detailed investigation, whereas ‘outcome 
measures’ refer to the specific results determined based on 
the objectives of the study. In this review, the term ‘clinical 
aspect’ refers to studies conducted with human participants 
to evaluate a range of healthcare-related measures or in-
terventions, whereas ‘non-clinical context’ also referred to 
as ‘technical study’ denotes analyses or investigations 
involving mathematical, modelling, and simulation aspects 
of SitTS’s arm support in rehabilitation research domain. In 
addition, the term ‘validation perspective’ refers to studies 
conducted to assess the accuracy and reliability of a tool, 
method, model, or instrument within its intended applica-
tion context.

Resultant arm force

According to the summary in Figure 3, arm contribution 
serves as a dominant focus in this quantitative measurable 
parameter category. This parameter is prominently re-
ported in clinical studies of SitTS movement, providing in-
sights into compensatory strategies, especially in 
populations with impairments [6, 21, 27]. The study by Naqvi 
et al., [7], showed how the arm force was used to observe 
elderly arm strength between the lift-off and the point where 
the subject leaves the armrests. This finding is supported by 
another study by Turner et al., [36], which reported that the

vertical force transmitted through each UL is typically 20–30 
percent of the bodyweight. These parameters also enable 
researchers to determine the SitTS phases [24]. Arm force 
has been reported as highest at the moment of full knee 
extension during the activity.

Furthermore, O’Meara & Smith, & Takeda et al., re-
ported that anterior assistance using arm support has a 
greater influence on SitTS performance than lateral assis-
tance, as illustrated by the large magnitude of horizontal 
grab rail force [25, 26]. Interestingly, a study by Takahashi 
et al., demonstrated that a positive value indicates that the 
handrail was pulled as the participant used the handrail 
before seat-off and it was not used after the subject lifted his 
hips (indicated by a negative value) [37].

Ground reaction force

The force plates approach is commonly used to obtain one of 
the most essential factors in SitTS studies: ground reaction 
force (GRF) measurements (Figure 3). The study by Schultz 
et al., reported that the location of floor reaction forces 
varied among groups at liftoff during SitTS, with impaired 
elderly positioned most anteriorly, indicating different 
strategies for rising [6]. Similarly, Kuzelicki et al., used GRF 
parameters to distinguish the effects of different lower limb 
(LL) muscle stimulations, such as ankle plantar flexors and 
hip extensors, during the SitTS process [24].

Figure 2: Timeline infographic of studies on arm support contribution in SitTS published between June 1992 and May 2025.
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It has also been shown that GRF parameters are useful for 
understanding additional kinematic and kinetic character-
istics of the SitTS movement in diverse population groups 
[20–22, 25, 36, 39, 44–46, 49, 50]. In addition, one notable 
finding from a study by Takeda et al., reported a significant 
decrease in floor reaction forces when pregnant women 
used an armrest during SitTS. This decrease suggests that 
there was less load or pressure transmitted through the legs 
when rising with the armrest [37].

Besides that, findings from Houck et al., suggested that 
assessing vertical GRF during SitTS may enhance rehabili-
tation strategies by identifying movement compensations 
and their implications for recovery. Through their study on 
hip fractures categories, a significant correlation was iden-
tified between vertical GRF variables and established func-
tional measures, such as Timed Up and Go (TUG) test [12]. 
Similarly, findings by Li et al., described that the use of a cane 
in individuals with hemiparesis significantly reduced peak 
ground reaction force by 3–9 % of body weight compared to 
when no cane was used [13].

Time taken for SitTS

Overall, a total of 13 studies addressed the time taken for 
arm-assisted SitTS movement. Oliveira et al. reported that 
persons with greater muscle mass loss took longer SitTS 
duration [18]. This finding is supported by Arcelus et al. [38], 
who reported that older persons demonstrated longer 
transfer times than younger adults. Additionally, Bahrami 
et al., described that patients with paraplegia required 
longer overall time to both voluntary and FES-assisted SitTS. 
However, in healthy adults, observations showed that strong 
arm support resulted in the longest duration to complete the 
task [8]. According to Lim et al., typically developing children 
had shorter SitTS duration compared to cerebral palsy (CP) 
patients [34]. The study by Valipoor et al., indicated that 
there were no significant variations in SitTS duration; 
however, these transitions were consistently completed in a 
shorter amount of time with the least amount of arm exer-
tion [30]. Bulea and Triolo demonstrated that the length of 
SitTS varies depending on the type of walker used. SitTS 
performance in a Spinal Cord Injury (SCI) individual using a 
normal walker resulted in longer duration than using a lift 
walker [39]. In addition, ejector chair was found to result in 
longer SitTS duration in the Rheumatoid Arthritis (RA) 
population, as discussed by Munro et al. [21], which may be 
attributed to the discomfort and level of confident in the 
spring-assisted seat action during the task.

Meanwhile, in non-clinical studies, several investigations 
have identified the time taken to complete the SitTS task as a 
simple and widely used measurable parameter for assessing anTa
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individual’s functional independence. A study by Chu and Chen 
developed a smart wheelchair system known as SWAF, in 
which SitTS time was utilized as a parameter for fall-risk 
assessment. Prolonged or inconsistent SitTS durations were 
associated with reducedmuscle strength, impaired balance, and 
poor coordination in elderly individuals, all of which contribute 
to an increased risk of falls in this population [51]. In a separate 
study, Lau and Mombaur reported that the SitTS trajectory us-
ing the default TWIN exoskeleton with crutches recorded an 
average duration of 11.36 s, which was notably longer compared 
to when using the TWIN exoskeleton without crutches, where 
the SitTS motion was quicker, lasting only 4.3 s [19].

Joint angles

Based on Table 2, the included studies discussed various 
biomechanical aspects of joints and their angles, particularly 
during SitTS transfers, to understand human movement and 
the forces acting on the body [6, 26]. Additionally, different

techniques of SitTS required specific joint angle ranges. For 
instance, rising from a chair with a cane involved distinct 
joint angle patterns, which highlight the importance of 
considering these ranges when designing assistive devices 
or rehabilitation programs [6, 23].

In fact, the studies concluded that arm contribution im-
pacts joint angles and forces. Using handrails, walkers, or 
canes could alter the joint angles employed during SitTS 
transfers, potentially affecting muscle activation and joint 
loading. The studies emphasized the importance of optimizing 
assistive device design and placement to promote safe and 
efficient movement [21, 24, 26, 49]. By analyzing joint angles, 
particularly during dynamic SitTS activities, researchers 
sought to understand how the body maintains stability and 
utilizes momentum. The findings highlighted the importance 
of a detailed understanding of joint angles and their rela-
tionship to various factors, such as assistive devices, individ-
ual capabilities, and biomechanical principles [22].

Joint moment/torque

Joint torques and moments are related to joint angles. It is 
essential to consider not only the angles but also the torques 
generated at the joints. This comprehensive approach pro-
vides a more complete understanding of biomechanics and 
helps inform the development of effective interventions. 
When studying the SitTS transition, researchers often calcu-
late net joint moments at seat-off, which is considered more 
comparable between subjects than peak moments. This is 
because seat-off is considered the most stressful point of the 
movement. One study found that, although net ankle moments 
at seat-off were similar to peak moments reported in other 
literature, net knee moments were relatively low. This sug-
gests that subjects may have used strategies to protect their 
joints from high loading forces during this movement [21]. 

In this review, it is important to distinguish between net 
joint moments and external moments. Net joint moments 
refer to the moments acting at a joint, while external mo-
ments represent moments acting on the body from external 
sources, such as a chair or the ground. For instance, one 
study observed that the average peak external moments for 
subjects sitting down and lifting a suitcase ranged from 

12.3 Nm to 27.9 Nm, with maximums significantly higher [23].

Other measured parameters

Maximal voluntary contractions (MVC)

There were a few studies that investigated maximal volun-
tary contractions (MVC) in relation to muscle activation. One

Figure 3: Summary of measurable parameters (technical studies) and 
outcome measures (technical and clinical) related to arm support 
contribution in SitTS. Green indicates the total number of studies assigned 
to each measurable parameters or outcome measure while pink indicates 
the studies that were not assigned.
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such study examined the electromyographic (EMG) activity 
of the anterior deltoid, rectus femoris, triceps brachii and 
tibialis anterior. The findings indicated that %MVC of the 
anterior deltoid and rectus femoris was unaffected by 
handrail position. However, %MVC of the triceps brachii 
increased when using higher and closer handrail positions 
[28]. In another study, Valipoor et al. explored the influence 
of dominant-side MVC on EMG on UL muscle activation 
during arm-assisted SitTS movements. Their results 
demonstrated that the triceps brachii showed greater acti-
vation than the biceps brachii. In contrast, analysis of the LL 
muscles revealed similar activation levels between the 
tibialis anterior and vastus lateralis [30].

To date, only one study specifically examined the 
mechanomyography (MMG) response of the quadriceps 
muscle during assisted SitTS movement. The analysis 
revealed that the amplitude of its root mean square was 
positively correlated with quadriceps muscle contraction 
and muscle force production. Notably, the highest peak 
amplitude of normalized root mean square occurred be-
tween Phase 1 and Phase 2 of the SitTS cycle, indicating this to 
be the point of maximal quadriceps force output [16].

Centre of pressure (CoP) and Centre of mass (CoM)

The CoP represents the point of application of the resultant 
ground reaction forces from the seat, arms, and feet. In this 
review, these parameters were discussed in two studies 
involving individuals with cerebral palsy (CP) [31, 34] which 
contributed to understanding how young individuals with 
CP coordinate their muscle activity to complete SitTS 
movement. The postural control analyses the total area of 
anterior–posterior and mediolateral CoP displacement and 
velocity during the exercise. In a comparative study, hand-
rail shape did not affect the displacement or velocity of the 
CoM during SitTS. Furthermore, individuals may require 
less forward CoM translation to achieve dynamic stability 
before rising if their trunk flexion is decreased [15].

Discussion

This review synthesizes findings from 47 studies addressing 
the contribution of arm support to SitTS movements, high-
lighting the significant role of the arms in both clinical and 
technical contexts. Understanding these measurements 
helps researchers assess how much arm force is required to 
assist individuals in successfully performing SitTS, espe-
cially when lower body strength is compromised. In addi-
tion, identification of SitTS phases can be derived. Research 
protocols in previous studies have defined distinct phases

within the SitTS movement (such as lift-off, knee extension, 
and seat-off). By examining force parameters at different 
phases, researchers can determine when arm support is 
most needed, such as during full knee extension, when arm 

force is typically highest. This phase-based understanding 
provides for a more nuanced view of arm support’s role 
throughout the movement.

Through studies conducted by O’Meara & Smith [43] and 
Takeda et al. [26] different types of arm support (anterior vs. 
lateral) can be examined, as those influence SitTS perfor-
mance. It was also observed that anterior arm support, such 
as a front-facing grab rail, provides greater assistance 
compared to lateral support. This finding aligns with the idea 
that specific arm positions and forces are more advanta-
geous during certain phases of SitTS. Additionally, studies 
such as Takahashi et al., [37] revealed that individuals pull on 
the handrail most during the pre-seat-off phase, which oc-
curs before their hips are lifted. This dynamic suggests that 
arm support may be more critical in the initial stages of 
SitTS, guiding how arm support technologies and in-
terventions may be better designed for those stages.

However, in most non-clinical arm assisted SitTS 
research, the focus has primarily been on the arm-force 
parameter to assist researchers in developing mathematical 
models and human body simulations of the SitTS movement. 
Davoodi & Andrews, in 1997 & 2001, established a controller 
for FES-assisted standing-up and an artificial neural network 
(ANN) for individuals with paraplegia, in which voluntary 
arm forces required to stand without FES were estimated as 
an outcome measure. These approaches may be integrated 
with other musculoskeletal models of the LLs to develop a 
realistic cybernetic model of individuals with paraplegia 
[42].

In addition, Liu et al. [43] discussed arm force as one of 
the feedback signals used to adjust the intensity of electrical 
stimulation of the leg muscles in a closed loop control system 

during standing and sitting activities in individuals with 
paraplegia. Other studies also highlighted that the force 
applied at the arms is an important measurement for 
developing various types of mathematical models related to 
standing movement and for prototyping an assistive SitTS 
robot [44, 45, 48]. Furthermore, these measured parameters 
helped An et al. [50] determine the degree of motor 
impairment in hemiplegic patients, and they could also 
detect long-term patient recovery. The strength of their 
study was that it did not require attaching any sensors to the 
patient’s body during the motion, thereby enhancing its 
clinical practicality.

Several studies evaluating MVC have examined muscle 
effort during arm-assisted SitTS activities. In one study 
examining handrail position, %MVC of the triceps brachii
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and tibialis anterior were significantly influenced by hand-
rail height and distance, demonstrating a trade-off in load 
distribution between the UL and LL. Chihara and Seo et al., 
reported that while the anterior deltoid and rectus femoris 
were only partially affected, an optimal compromise be-
tween UL and LL effort occurred at approximately 296 mm 

in height and 730 mm in distance [28].
In another study involving elderly women and a safer 

chair design, EMG analysis showed that the biceps brachii 
was activated at 7–18 % MVC, the triceps brachii at 14–45 % 

MVC, and LL muscles such as the vastus lateralis and tibialis 
anterior reached 27–45 % MVC, depending on the SitTS 
phase. The findings also revealed non-linear effects of 
armrest dimensions, where minimal muscular effort 
occurred with higher and wider armrests compared to 
conventional chairs.

Overall, MVC-based EMG outcomes consistently demon-
strated that support design significantly influenced muscle 
demand. Higher and closer supports shifted the load toward 
the UL, while lower or more distant supports increase LL 
activation. These results highlight the importance of opti-
mizing support dimensions to achieve balanced load distri-
bution and reduce muscular effort during SitTS transitions.

Population-specific arm assistance 
strategies in SitTS transitions

Understanding different populations involved in arm assis-
ted SitTS transitions may significantly inform the design of 
effective SitTS exercise and rehabilitation strategies that 
enhance performance and promote functional indepen-
dence. Among healthy individuals, especially young adults, 
studies have established normative baselines for biome-
chanical parameters and muscle activation patterns [6, 7, 11, 
12, 15, 25, 30, 38]. In contrast, elderly participants consistently 
employ compensatory arm-support strategies to counteract 
age-related declines in muscle strength, joint stability, and 
balance [18, 32, 35]. For groups with musculoskeletal disor-
ders, such as RA or post-orthopedic surgery conditions, 
outcomes commonly involve prolonged SitTS times and 
increased UL reliance due to pain, joint stiffness, or weak-
ness [21]. Additionally, children and pregnant women 
represent special populations where safety, adaptability, 
and ergonomic support take priority over biomechanical 
output. These studies have explored how physical changes, 
whether growth-related or gestational affect posture, con-
trol, and the need for assistive hand placement. 

Neurological populations present a more nuanced pro-
file for arm assisted SitTS analysis. Studies involving in-
dividuals with SCI and stroke typically focused on kinetic

parameters, particularly UL forces and joint torque. These 
parameters were measured to evaluate compensatory 
mechanisms and the effectiveness of assistive interventions. 
In contrast, studies on CP and Parkinson’s disease more 
commonly focused on dynamic balance and postural sta-
bility, using measures such as CoP and center of mass (CoM) 
trajectories [31, 34, 37].

A broader trend distinguishes clinical populations 
(elderly, CP, stroke, RA and SCI) through investigations that 
focus on functional outcomes, including SitTS time, UL effort, 
and balance control. In comparison, technical studies 
involving healthy participants or simulations typically 
prioritized mechanical variables such as GRF, joint torques, 
and musculoskeletal modelling. These differentiated ap-
proaches highlight the importance of tailoring arm assisted 
SitTS assessments and interventions to the unique capabil-
ities, challenges, and rehabilitation goals of each population. 

For practical and clinical purposes, parameters such as 
joint angles and time taken are advisable because these 
parameters are not only clinically relevant but also easier to 
measure and interpret compared to more complex force 
measurements. This is because of their ease of administra-
tion, minimal equipment requirements, and strong corre-
lation with LL strength and mobility. SitTS time provides a 
quick and objective way to evaluate physical performance, 
especially in older adults or individuals undergoing reha-
bilitation. Furthermore, shorter completion times are typi-
cally associated with better functional status, while 
prolonged times may indicate underlying impairments, such 
as muscle weakness, balance deficits, or reduced neuro-
muscular coordination [19, 43, 51].

Arm contribution as “hidden assistance” in 
SitTS

Collectively, these findings indicate that UL involvement not 
only represents a compensatory strategy but also functions 
as a substantial redistribution of mechanical demand in the 
SitTS task. Across studies, arm use was broadly categorized 
based on the type of assistance provided: fixed supports 
(i.e. armrests, handrails), mobile aids (i.e. walkers, canes) or 
momentum-based strategies without external support. 
Across all assistance types, UL forces often contributed a 
substantial proportion of body weight support. This reliance 
was consistently observed in frail older adults and was 
particularly pronounced in individuals with neurological 
impairments, such as paraplegia or SCI. Importantly, this 
mechanical contribution was often clinically “hidden” 
because SitTS performance was commonly classified as in-
dependent when no hands-on assistance is provided.
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For fixed supports, it was reported that vertical arm 

forces were particularly high. In individuals with paraplegia, 
peak vertical forces applied to support bars during SitTS 
ranged from approximately 65–70 % of body weight when FES 
was used, and they increased to approximately 85 % when 
FES was not used [8]. Individuals with complete SCI exhibited 
similarly high vertical arm forces ranging from of 84–89 % of 
body weight [29]. In contrast, vertical arm forces in incom-
plete SCI spanned a wide range (approximately 25–73 % of 
body weight), likely reflecting heterogeneity in neurological 
impairment and functional capacity [16, 39]. Mobile aids such 
as canes generally contributed lower vertical forces, with 
values of approximately 4–9% of body weight reported in 
individuals with unilateral hemiparesis [13]. In addition, grab 
rail use was associated with intermediate vertical arm forces 
of approximately 15–30 % of body weight across different 
populations, including healthy adults, pregnant women, in-
dividuals with CP [18, 26, 31, 36].

In a nutshell, these findings support the concept of hidden 
arm assistance, whereby SitTS tasks that appear independent 
may, in fact, rely substantially on UL support, thereby 
masking underlying limitations in LL strength or motor con-
trol. Consequently, functional assessments and rehabilitation 
protocols that ignore arm contributions, or that allow unre-
stricted arm use, were likely to overestimate LL capacity, 
motor recovery, and overall functional independence. SitTS 
assessment and training should, therefore, explicitly mea-
sure, control, or limit arm involvement to ensure that 
observed performance accurately reflects LL function.

For research settings or in-depth biomechanical studies, 
researchers should utilize advanced tools that incorporate 
measurements of arm, seat, and foot forces to provide a 
comprehensive understanding of the SitTS movement. 
However, the choice of tools was guided by the study’s ob-
jectives, resources available, and the specific needs of the 
intervention.

In conclusion, this review emphasizes the balance be-
tween practical clinical measures and more detailed 
biomechanical assessments. Joint angles and time taken 
were the most practical for clinical use, while advanced 
measurements, like MVC, CoP, and CoM, offered additional 
insights for research and intervention studies. By choosing 
the appropriate methods based on the context and objec-
tives, practitioners and researchers could better evaluate 
and enhance SitTS interventions and support more effective 
rehabilitation strategies.
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