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Abstract 

Introduction:  The aim of this systematic review is to present the existing literature on the clinical motor, and non-
motor factors contributing to sit-to-stand transfer in individuals with Parkinson’s disease.

Data synthesis:  Five databases (PubMed, PEDro, Cochrane, SCOPUS, and Ovid) were searched for literature on the 
contributing factors to sit-to-stand performance in Parkinson’s disease. A quality check of these observational studies 
was done using the ’strengthening the reporting of observational studies in epidemiology’ (STROBE) statement and 
the tool of the ’National Heart, Lung, and Blood Institute’ (NHLBI). Descriptive and quantitative data were extracted 
and compiled, and a meta-analysis was performed to compute the standardised mean difference.

Results:  Thirteen studies were selected; a majority of them provided a high-to-moderate level of evidence. Ten were 
cross-sectional, while the other three were case–control studies. Collectively, individuals with Parkinson’s disease had 
a prolonged transfer time than those of age-matched healthy peers, particularly from peak horizontal velocity phase 
to seat-off phase, implying bradykinesia. A reduction in peak and rate to peak joint torques was also related to the 
decreased pace and stability of the sit-to-stand movement in individuals with Parkinson’s disease. Additionally, they 
demonstrated exaggerated trunk flexion as a postural stabilisation strategy, allowing them to maintain and manoeu-
vre the relative positions of their centre of mass through the transitional phase of the transfer.

Conclusion:  As per the existing literature, an alteration in strength, overall body bradykinesia, balance, posture, as 
well as cognition may result in an impaired sit-to-stand transfer in individuals with Parkinson’s disease.
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Introduction
Degeneration of the cells in the pars compacta of the 
nigrostriatal circuit and the diminution of the neu-
rotransmitter dopamine in the basal ganglia are the 
hallmark of Parkinson’s disease (PD) [1, 2]. Current 
prevalence figures show that PD affects 1–2 individu-
als per every thousand people, and the prevalence has 
been increasing with age; affecting 1% of those above 
60  years [3]. The fundamental motor symptoms of PD 

are bradykinesia, tremor, rigidity, and postural instabil-
ity, and the equally debilitating non-motor symptoms are 
sensory, cognitive, and autonomic dysfunctions [4–6]. 
These clinical factors of the disease negatively influence 
movement ability and transfers.

Rising from a chair is one such biomechanically com-
plex transfer task for individuals with PD. Although 
this task is seemingly simple, most people with PD 
have difficulty in movement preparation and execution 
[7, 8]. A centrally programmed sequence of correctly 
timed and scaled force generation and anticipatory 
postural adjustments are critical for sit-to-stand (STS) 
transfer [9, 10]. The coordinated trunk and lower limb 
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motor control are required during a transition of the 
body from a broad supporting surface to a relatively 
narrow one [11, 12]. Bradykinesia—the prolonged time 
to initiate, change or arrest a movement—is primarily 
responsible for the sluggish rising from a chair. Dur-
ing the STS transfer, excessive anterior trunk flexion is 
adopted to make up for the lack of momentum. They 
continue to move anteriorly instead of propelling the 
body vertically during the momentum transfer phase. 
This prolonged anterior trunk flexion places them at 
a higher risk of falls. Furthermore, individuals with 
PD have difficulty in assuming and maintaining an 
upright posture during the terminal extension phase, 
secondary to extensor muscle weakness [9, 13]. They 
use compensatory motor strategies to make up for the 
postural instability as well as inadequacy and latency 
of force generation in the lower extremities [9].

As the disease progresses, the resulting instability 
causes the once easily performed task to seem for-
midable [14]. Cognitive impairments appear paral-
lelly as executive dysfunctions wherein the sensory 
information and the motor planning required to per-
form mobility tasks are affected [15, 16]. The reduced 
steadiness also instils a fear of fall in individuals with 
PD. Consequently, when a motor task involves a cog-
nitive burden, it predisposes them to added balance 
issues [17, 18]. Strength, bradykinesia, balance, pos-
ture, and cognition are the factors attributed to STS 
performance. These various factors contribute to 
the STS transfer, some more largely than others. The 
inability to perform this necessary [11], yet straight-
forward action leads to impaired daily functioning 
and poor quality of life, possibly advancing to insti-
tutionalisation. Bryant et  al. [19] showed that inabil-
ity to getting up from a chair is positively related to 
restricted daily functional independence and physical 
inactivity. Therefore, understanding the STS activity 
in terms of its duration, kinematic and kinetic deter-
minants, and postural stability is imperative to the 
effective care and rehabilitation of individuals with 
PD.

Although many studies evaluated the STS perfor-
mance in PD, there is a dearth in the holistic under-
standing of the factors contributing to the task. 
Established authors in the field of movement dysfunc-
tion believe that this insight will facilitate better reha-
bilitation strategies [9, 12, 14, 20–22]. No known 
systematic review have reported the contribution of 
motor and non-motor factors to the STS performance 
in individuals with PD. This review aims at presenting 
an overview of the existing literature on the clinical 
motor, and non-motor factors contributing to the STS 
transfer performance in individuals with PD.

Main text (review of literature, results, discussion)
Review of literature
Literature search
The five electronic databases (PubMed, PEDro, Cochrane, 
Scopus, and Ovid) were searched for relevant literature 
between inception to November 2020. The search was 
limited to observational studies published in English. 
MeSH terms were used to guide the search, and the title 
and abstracts were screened with keywords based on (1) 
Parkinson’s disease (2) sit to stand (3) motor and non-
motor factors including strength, balance, bradykinesia, 
posture, rigidity, tremor, muscle ache, cognition, depres-
sion, orthostatic hypotension, and sensory symptoms. 
Snowballing through the reference lists of the included 
articles was conducted to check for any missed litera-
ture in the data search. A tabular account of the database 
searches and the results obtained from them is provided 
in the Additional file 1. The titles and abstracts of the arti-
cles identified from these searches were examined by two 
authors to determine if they met the inclusion criteria. If 
the two authors could not reach an agreement on inclu-
sion, a third author was consulted, and all the potentially 
relevant articles were retained at this stage. Furthermore, 
full-text articles were screened to observe if they met the 
inclusion criteria and confirm eligibility.

Inclusion and exclusion criteria
The inclusion criteria for selection of studies were (1) 
people with PD who were medically stable; (2) able to 
follow verbal commands; (3) both sexes; (4) stage 1 to 3 
in the Hoehn and Yahr scale; (5) on anti-parkinsonian 
drugs and responsive to the medication; (6) studies that 
analysed the STS transfer; (7) able to rise from the chair 
with or without an armrest; (8) articles that included the 
motor and non-motor symptoms contributing to STS. 
The exclusion criteria were (1) individuals with pre-
existing lung disorders; (2) major psychiatric illnesses; (3) 
diagnosed neurological, musculoskeletal, and cardiovas-
cular diseases that possibly affect their ability to perform 
the STS task; (4) those who had a joint replacement sur-
gery; (5) juvenile PD.

Study selection and data extraction
After eligibility screening, we chose a total of 13 obser-
vational studies, the majority of them being cross-sec-
tional studies. We performed thorough data extraction 
to gather the study information such as the author, year 
of publication, study design, objective, methodology, and 
conclusion. Each study was dissected to understand the 
participant determinants such as mean age and range, 
Hoehn and Yahr grading, UPDRS score, the chronicity 
of the disease, along with the kinematic and kinetic vari-
ables of STS.
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Quality assessment
The quality of all the included papers was evaluated first 
using the ’strengthening the reporting of observational 
studies in epidemiology’ (STROBE) statement [23]. This 
tool evaluates the reporting and design of the selected 
papers. The various items in the checklist were graded 
as ’yes’, ’no’ or ’not applicable’ depending on which fits 
most aptly. The second quality check was done using the 
quality assessment tool of the National Heart, Lung, and 
Blood Institute (NHLBI) [24]. The items in this tool were 
also evaluated using the nominal terms—’yes’, ’no’, ’not 
applicable’, ’not reported’, or ’cannot determine’. The stud-
ies were graded and categorised based upon the NHLBI 
recommendation into three strata: good, fair and poor.

Data analysis
The data from the included studies were analysed using 
Cochrane Review Manager Software 5.4. The quantita-
tive data on two parameters of STS—the duration of 
the transfer, and peak joint torque during the ‘on phase’ 
of dopamine therapy were extracted from the published 
trials and included in this review. The meta-analysis cal-
culated the standardised mean difference and 95% con-
fidence interval for these two parameters during STS 
performance, between those with and without PD. Het-
erogeneity between studies, overall pooled estimate, and 
the effect size for each of these parameters were calcu-
lated and reported as I2, p-value, and z, respectively.

Results
Selection of articles for review
The search from five databases yielded 7042 studies, of 
which 5055 were duplicates. The remaining 1987 papers 
were further checked, and only 33 articles went through 
full-text screening. Of these, 13 papers were selected for 
the review (Fig. 1).

Description of the studies
Thirteen observational studies were included, amongst 
which 10 were cross-sectional, [11–14, 20, 21, 25–28] 
and the remaining three were case–control studies [9, 
22, 29]. All these studies utilised advanced equipment to 
assess the STS transfer in laboratory settings. The types 
of equipment used in most studies were force plates and 
Optotrack imaging systems. In addition to posturogra-
phy analysis, three studies used electromyography and 
two papers tested isometric strength using dynamom-
eter. These studies were conducted across the world, five 
papers from North America [9, 12, 14, 22, 25], three from 
Europe [13, 20, 26], three from Asia [11, 27, 29], and two 
from South America [21, 28]. The authors used conveni-
ence sampling in most of the studies. The sample size was 
an average of 25 participants in each study.

Assessment of study validity (quality assessment and risk 
of bias)
The methodological quality of the included articles as 
evaluated with the STROBE statement and NHLBI tool 
[23, 24] is presented in Tables  1 and 2. The guidelines 
facilitated a clear interpretation of the reporting and 
results of the observational studies, and the scoring cri-
teria were derived from the STROBE "Explanation and 
Elaboration" document [30]. The NHLBI tool further 
guided the overall rating of the studies [24]. The over-
all quality of each paper was rated as good, fair, or poor. 
Three studies were rated as good [14, 20, 22], seven stud-
ies were rated fair [9, 11–13, 21, 25, 27], and the remain-
ing three studies were rated as poor quality [26, 28, 29].

Participant characteristics
Thirteen papers included in this review had a total of 234 
participants with PD. Their age ranged between 49 and 
81 years. Details regarding the characteristics of partici-
pants, including their age, disease duration, Hoehn and 
Yahr grading, and the phase of assessment, are expanded 
into Table  3. Of these 13 studies, 11 had two groups, 
one being individuals with PD and the other comprising 
healthy older adults [9, 11, 13, 14, 20, 25–29]. Five studies 
specified the age and gender-matched controls [9, 11, 20, 
22, 25]. The 13 articles included in this study addressed 
five factors, namely the motor domains of strength, 
bradykinesia, balance and posture, and the non-motor 
domain of cognition [9, 11–14, 20–22, 25–29]. The kin-
ematic, kinetic, and temporal determinants of these fac-
tors during the STS transfer are reported in Table 4.

Outcome measures
The STS transfer was assessed through posturographic 
techniques in the majority of the studies. Posturography 
comprises the use of force platforms to detect move-
ments of the body and therefore evaluating the ground 
reaction forces. Along with force platforms, the joint 
torque values were obtained from the data of video analy-
sis. Eight of the included studies combined posturogra-
phy with video analysis, [9, 11, 13, 14, 21, 22, 28, 29] three 
studies combined posturography with electromyography 
[12, 14, 28], and two combined it with dynamometry [20, 
22]. Also, three studies assessed the influence of cogni-
tion on STS using trail making test and semantic verbal 
fluency, Stroop test, and sensory cuing strategies [21, 26, 
27].

Clinical motor factors contributing to STS transfer
Time taken for STS transfer
The STS transfer is a fundamental task for many daily 
activities and the efficiency with which it is performed 
indicates an individual’s level of functional independence 
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[28, 31]. The time taken to perform STS is the most fre-
quently assessed outcome of transfer capacity. Eight stud-
ies in this review assessed the time taken by individuals 
with PD to perform the STS transfer and of these seven 
were considered for the meta-analysis [9, 14, 20, 22, 25, 
27, 29]. One study reported the duration of the move-
ment onset to seat-off phase of the transfer, and hence 
it was not included in the analysis [11]. We analysed 
the standardised mean difference values of STS time in 
individuals with or without PD using a random-effects 
model. The findings showed that people with PD took 
a significantly longer time to complete the STS transfer 
than healthy older adults. The pooled estimate shows 
that healthy older individuals performed the STS transfer 

faster by 2.84 s at 95% CI ± 1.14 (SE). Although this find-
ing was statistically significant, it displayed a high hetero-
geneity [I2 = 82%; p-value < 0.001] (Fig. 2).

Peak joint torque of lower limbs and rate of torque build‑up 
on STS transfer
Five of the included studies presented an overview of 
the STS transfer, in terms of the peak torque and rate 
of torque build-up in people with PD versus healthy 
controls [2, 9, 11, 27, 29]. The majority of the studies 
found that people with PD generated smaller amounts 
of peak joint torques, and took longer time to attain the 
peak torques [11, 20, 22]. The standardised mean differ-
ence of peak joint torque of the STS was measured in 
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Newton metre for four major muscle groups—hip flex-
ors, hip extensors, knee extensors and ankle dorsiflex-
ors (Fig.  3). We found that the maximum hip and knee 
extension torques generated by the healthy older adults 
were far greater than individuals with PD (p ≤ 0.05). For 
the domain of both hip and knee extensor torque; the 
heterogeneity amongst the papers was very low [I2 = 0%; 
p > 0.05].

For the domains of hip flexion and ankle dorsiflexion, 
we analysed the peak joint toques from four contributing 

studies, three by Mak et al. [11, 27, 29] and one by Inkster 
et al. [22]. Overall, in both domains our pooled estimate 
reinforced the fact that the individuals with PD gener-
ated lesser amount of hip flexion and ankle dorsiflexion 
torques compared to healthy older adults during the STS 
transfer. This overall finding is similar to what three Mak 
and colleagues’ studies [11, 27, 29] showed; however, dif-
fers from the findings by Inkster et al. [22]. The hetero-
geneity was high for hip flexor torque [I2 = 75%; p = 0.02] 
and ankle dorsiflexor torque [I2 = 87%; p = 0.83] (Fig. 3). 

Table 1  Participant characteristics

PD, Parkinson’s disease; N, sample size; UPDRS, Unified Parkinson’s Disease Rating Scale

Author and year Sample size (N) Participant determinants

Age (years)—
mean (range)

Hoehn and Yahr 
stage

UPDRS score Disease duration On/off phase

Mak et al. (2003) (N = 13) Controls-6, 
PD-7

Controls—69.2 
(63–72) PD—66.9 
(53–73)

Stage 2.5–3 _ – On phase

Inkster et al. (2002) (N = 20) Controls-10, 
Men with mild 
PD-10

Controls—65.5 
(53.1–77.9) 
PD—64.1 (54–74)

Stage 1–3 On state—11
off state—17.4

_ On and off phase

Pääsuke et al. (2004) (N = 28) Controls-16, 
Females with PD-12

Controls—71.7 
(66.7–75.5) 
PD—74.3 
(67.4–81.2)

Stage 1–3 _ 4 to 18 years, with 
a mean of 10.7 (4.5) 
years

On phase

Ramsey et al. (2003) (N = 24) Controls-13, 
Men with PD-11

Controls—73.4 
(66.7–80.1) PD—70 
(62.9–77.5)

Stage 2 _ _ On phase

Mak et al. (2002) (N = 40) Controls-20, 
PD-20

Controls—69.3 
(64.2–74.4) 
PD—65.80 
(58.56–73.04)

Stage 2–3 16.22 to 30.48, 
mean score of 23.35

5.68 (2.03–9.33) 
years

On phase

Bishop et al. (2005) (N = 41) PD-41 PD—66 (50–79) Stage 1–3 Motor subscale part 
III, average 4–58

0.5 to 14 years On phase

Inkster et al. (2004) (N = 20) Controls-10, 
PD-10

Controls—65.5 
(53.1–77.9) 
PD—64.1 (54–74.2)

Stage 2 On state—11
off state—17.4

2.5 to 5.5 years, with 
a mean of 4 years

On and off phase

Buckley et al. (2008) (N = 24) Controls-12, 
PD-12

Controls—63 
(61–65) PD—63 
(60–66)

Stage 1–3 _ 8 to 14 years, mean 
duration of 11 years

On phase

Nikfekr et al. (2002) (N = 13) Controls-7, 
PD-6

Controls—54 
(45–65) PD—56 
(49–68)

Stage 1.5–2 Motor sub-
scale—14.6 
range = 13–18

_ Off phase

De Souza et al. 
(2011)

(N = 15) Controls-7, 
PD-8

Controls—63.7 
(58.9–68.5) 
PD—63.8 
(54.3–73.3)

Stage 2–3 _ 7.4 (3.9–10.9) years On phase

Souza et al. (2018) (N = 71) PD-71 63.4 (50–75) Stage 2–3 Motor-section score 
6 to 54 mean = 28.3

2 to 30 years, mean 
duration of 8.7 years

Off phase

Mak et al. (2004) (N = 30) Controls-15, 
PD-15

Controls—69.5 
(64.3–74.7) 
PD—65.5 
(57.6–73.4)

Stage 2–3 16.6 to 30, mean 
score of 23.2

_ On phase

Fernandes et al. 
(2015)

(N = 18) Controls-9, 
PD-9

Con-
trols—63.89 years 
(52–80) PD—66 
(52–80)

Stage 1–2.5 _ 4.48 to 15.6 years On phase
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Table 4  Kinetic, kinematic and temporal determinants of sit-to-stand in Parkinson’s disease

PD, Parkinson’s disease; DF, dorsiflexion; PF, plantarflexion; (N m kg−1 m−1), net peak joint torque in Newton metre; (N m kg−1 m−1) s−1, rate to peak joint torque in 
Newton metre per second. *STS time from movement onset to seat off

Author and 
year

STS time (seconds) Kinematic variables Kinetic variables

Peak joint angles (degrees) Peak joint torques (N m kg−1 m−1) Rate to peak joint torque

Healthy 
controls

PD Healthy 
controls

PD Healthy controls PD Healthy 
controls

PD

Mak et al. 
(2003)

1.4* 0.8* Hip flex-
ion = 29.7 (6.1)

34.4 (6.6) Hip flexion = 0.201 
(0.061)

0.089 (0.072)) (N m kg−1 m−1) s−1

1.033 (0.733) 0.260 (0.379)

Hip exten-
sion = 87.1 (8.7)

83.2 (9.1) Hip exten-
sion = 0.914 (0.173)

0.868 (0.116) 1.870 (0.603) 1.149 (0.394)

– – Knee flex-
ion = 0.207 (0.120)

0.234 (0.141) 0.192 (0.009) 0.180 (0.149)

Knee exten-
sion = 78.1 (9.9)

73.7 (7.4) Knee exten-
sion = 1.170 (0.268)

1.066 (0.194) 1.989 (0.451) 1.336 (0.447)

Ankle DF = 10.7 
(4.8)

13.9 (4.8) Ankle DF = 0.378 
(0.192)

0.228 (0.164) 0.476 (0.132) 0.325 (0.009)

_ _ Ankle PF = 0.639 
(0.167)

0.683 (0.113) 0.634 (0.340) 0.326 (0.293)

Inkster et al. 
(2003)

1.89 (0.16) On = 1.86 (0.37) _ _ Hip exten-
sion = 0.96 (0.32)

On = 0.68 (0.19) 
Off = 0.76(0.30)

_ _

Off = 1.97 (0.27) Knee exten-
sion = 1.18 (0.24)

On = 1.07(0.16) 
Off = 1.00(0.22)

Pääsuke et al. 
(2004)

1.88 (0.31) 2.46 (0.25) _ _ _ _ _ _

Ramsey et al. 
(2003)

3.79 (0.75) 4.18 (1.63) _ _ _ _ _ _

Mak et al. 
(2002)

1.91 ± 0.28 2.86 ± 0.77 _ _ Hip flex-
ion = 0.24 ± 0.12

0.08 ± 0.11 (Seconds)

0.26 ± 0.09 0.30 ± 0.20

Hip exten-
sion = 0.93 ± 0.15

0.83 ± 0.12 0.69 ± 0.18 1.15 ± 0.34

Knee exten-
sion = 1.21 ± 0.20

1.17 ± 0.15 0.80 ± 0.19 1.25 ± 0.34

Ankle 
DF = 0.46 ± 0.22

0.32 ± 0.15 0.70 ± 0.24 1.15 ± 0.34

Inkster et al. 
(2004)

1.89 (0.37) On = 1.86 (0.37) Hip flexion = 17.0 
(8.6)

On = 21.5 (14.0) Hip flexion = 0.24 
(0.09)

On = 0.28 (0.21); 
Off = 0.26 (0.23)

_ _

Off = 23.6 (10.0)

Hip exten-
sion = 56.5 (15.7)

On = 54.7 (23.3) Hip extension = 0.42 
(0.22)

On = 0.42 (0.23); 
Off = 0.40 (0.17)Off = 60.2 (15.6)

Off = 1.97 (0.27) Knee exten-
sion = 75.3 (7.3)

On = 76.7 (6.5) Knee exten-
sion = 1.13 (0.20)

On = 1.02 (0.22); 
Off = 0.94 (0.12)Off = 76.8 (7.1)

Ankle DF = 7.5 
(3.7)

On = 6.9 (1.2) Ankle DF = 0.11 
(0.005)

On = 0.13(0.009); 
Off = 0.11(0.005)Off = 7.9 (2.4)

Ankle PF = 15.0 
(2.6)

On = 12.7 (4.3)

Off = 12.9 (4.2)

Buckley et al. 
(2008)

1.01 (0.08) 1.33 (0.12) _ _ _ _ _ _

Mak et al. (2004) 1.976 (0.319) 2.958 (0.8) _ _ Hip flexion = 0.239 
(0.098)

0.064 (0.099) (Seconds)

0.268 (0.094) 0.213 
(0.353)

Hip exten-
sion = 0.922 (0.194)

0.828 (0.099) 0.760 (0.21) 1.213 
(0.329)

Knee exten-
sion = 1.194 (0.208)

1.129 (0.194) 0.861 (0.213) 1.343 
(0.346)

Ankle DF = 0. 462 
(0.199)

0.301 (0.807) 0.794 (0.2) 1.295 
(0.365)
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Overall weightage of 25.7% in the Inkster and colleagues’ 
study contributed to the heterogeneity of hip flexor 
torque. The finding of ankle dorsiflexion torque reported 
by Inkster et al. was not in line with Mak and colleagues. 
Inkster et  al. [22] reported that the ankle dorsiflexion 
torque in people with PD was much greater than that in 
healthy older adults, contributing to 22.5% weightage of 
the overall effect measure and large heterogeneity.

The rate of torque build-up data was qualitatively 
assessed from the three studies [11, 27, 29]. They showed 
that people with PD reached peak joint torques of lower 
limbs at slower rates opposed to healthy peers. Addition-
ally, the isometric strength of the hip, knee, and ankle 
extensors, as well as the ability to produce consistent 
force are impaired in PD [20]. On the contrary, the elec-
tromyographic analysis by Ramsey et  al. [14] displayed 
higher peak amplitude of hip and knee extensor activity 
in PD. In addition, they also noticed the reduced activity 
of the ankle dorsiflexors and decreased net ankle-dorsi-
flexion torque, possibly due to the slower pace of move-
ment transition [14]. The literature from the included 
studies also demonstrated that the rate at which peak 
vertical ground-reaction-force, as well as the build-up 
of horizontal and upward accelerations, are significantly 
lower in PD [11, 20]. However, the peak vertical ground-
reaction force per se is not significantly different com-
pared to healthy controls [11, 14, 20].

Bradykinesia and posture on STS transfer
Two studies assessed how bradykinesia might potentially 
contribute to the STS performance in PD [12, 29]. They 
identified that the altered timing and scaling of muscle 
recruitment and inefficient switching of the direction 
of movement are the reasons for generalised movement 
slowness. Both studies evaluated the transfer during the 
on-phase, and the combined average time taken to com-
plete the transfer was 1.48 (0.476) seconds. The flexion 
momentum phase lasted for 56–64% of the total transfer 
time, and the most substantial difference from the peak 

horizontal velocity phase to seat-off phase was noted 
between PD and healthy control, contributing to bradyki-
nesia [12, 29].

In this review, two studies assessed the balance perfor-
mance of people with PD and healthy older adults during 
the STS transfer in terms of centre of mass displacement 
(CoM) and centre of pressure interactions. One study 
evaluated the STS during the on and off phase, whereas 
the other study assessed it in the off phase [9, 25]. Ink-
ster et  al. [9] recorded the transfer duration, peak joint 
angles, and torque production along with the CoM dis-
placement. Buckley and colleagues recorded the dura-
tion, peak horizontal, and vertical velocity along with the 
CoM and centre-of-pressure interactions [25]. In PD, the 
net CoM displacement is significantly larger during hori-
zontal acceleration of the preparatory phase of STS, fol-
lowed by a lesser displacement in the seat-off phase. On 
the other hand, in healthy individuals, the CoM displace-
ment during the preparatory phase was similar to that 
of the seat-off phase [9]. Although the CoM was located 
posteriorly during the seat off-phase, the required dis-
placement was significantly higher in PD than in healthy 
individuals. Despite the time taken to perform the STS 
transfer was prolonged in PD, it was similar between peo-
ple with mild PD and healthy controls [25]. Two studies 
evaluated posture and STS transfer during the off phase. 
When the initial posture was observed during STS, the 
starting angles of the trunk were similar in people with 
and without PD, and the final postural angles changed 
considerably amongst them [13, 28]. The forward trunk 
flexion was not only greater at the end of the sequence 
in the PD group, but also during the entire STS task [28]. 
The coronal and transverse planar movements of the 
trunk were less, and it was more in the sagittal plane [13].

Clinical non‑motor factors contributing to STS transfer
Three papers studied how the non-motor domain of 
cognition, contributed to the STS performance in PD 
[21, 26, 27]. The dynamic posturography of STS in PD 

Fig. 2  Duration of sit to stand transfer
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measured using the balance master system was not 
positively related to the executive function and seman-
tic verbal fluency examination [21]. Another study 
assessed how divided attention affects the transfer 
in two situations—first, the STS task alone, and then 
along with the Stroop test. Individuals with PD slowed 
down the STS more under the dual-task conditions 
compared to controls. The anteroposterior and medi-
olateral centre-of-pressure displacement was higher in 

PD than controls. Nevertheless, the anterior–posterior 
centre-of-pressure velocity was decreased in PD during 
the STS task [26]. With an audio-visual cue, the time 
taken to attain peak joint torque during STS was sim-
ilar between individuals with and without PD. As the 
peak vertical and horizontal velocity was decreased, the 
overall time required for the STS transfer was increased 
among individuals with PD [27].

Fig. 3  Peak joint torques for four muscle groups: a hip flexors, b hip extensors, c knee extensors, and d ankle dorsiflexors
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Discussion
This study aimed to review various motor and non-motor 
clinical presentations contributing to the STS transfer 
in individuals with PD. STS is a functionally important 
task that involves a complex interplay of all the body seg-
ments through the transitional movement of the CoM 
from a position of more stability to one with less stability 
[7, 31]. The STS movement has four phases—the flexion 
momentum, momentum transfer, extension, and stabili-
sation phase [21, 31]. For optimal task performance, each 
joint must move the correct amount, in the right direc-
tion, at the appropriate time [31].

Clinical motor factors contributing to STS transfer
Muscle weakness is prevalent in PD; however, it is unclear 
whether the weakness is central or peripheral in origin. 
Disturbed motor planning in the basal ganglia is one of 
the reasons for weakness and poor motor performance 
[32]. The strength required through the four phases of 
STS is discussed in terms of torque generation. Peak hip 
flexion is attained immediately after forward accelera-
tory momentum, followed by peak extension torque of 
hip and knees, and ankle dorsiflexion torque—at seat off. 
Peak ankle plantarflexion torque is seen towards the ter-
mination of the STS transfer [11]. Although the sequence 
of muscle recruitment is similar for PD and healthy indi-
viduals, the peak torque and rate of torque generation at 
the hip, knee, and ankle is significantly lower in individu-
als with PD [11, 29].

The reduced rate of force development is related to 
muscle weakness [33]. Of the three assessed the build-
up of joint torques, two studies [27, 29] reported it as 
the time to reach peak joint torque and one study [11] 
reported the rate of torque build-up. As the units of 
measurement were not entirely scalar or vector quanti-
ties, we were unable to pool their findings in a meta-
analysis. According to Mak and colleagues, the torque 
build-up was slower in people with PD and the rate to 
peak torques of hips and knees extension and ankle dor-
siflexion were faster by 150% in normal older adults [11]. 
Individuals with PD generated insufficient hip flexor 
and ankle dorsiflexor torques than healthy individu-
als. Conversely, one study in this review is not in favour 
of the overall finding, reporting that the hip flexor and 
ankle dorsiflexor peak joint torque was higher in PD as 
opposed to age-matched controls [22]. This could be 
because of the untimely coactivation or overestimation of 
the antagonist muscular activity during balance reactions 
[34]. Another probable reason for the discrepancy in the 
findings could be the level of chronicity and severity of 
the disease. Mak et  al. [11, 27, 29] included individuals 
with PD staging 1–3 in Hoehn and Yahr grading, whereas 
Inkster et  al. [9] included only individuals with stage 2 

in their studies. When compared to healthy adults, Ink-
ster et al. observed that the STS ability in PD was more 
dependent on the hip strength rather than the knee. A 
subsequent study also showed a larger displacement 
of hip flexion in PD than age-matched controls [14]. 
Therefore, it may be gathered that lesser the isolated hip 
strength, the slower the performance of the STS transfer 
with an excessive anterior CoM displacement. Decisively, 
individuals with PD present variable degrees of muscle 
deficits, thereby showing considerably different kinemat-
ics and rate of force production but retaining the typical 
sequence of muscle recruitment [11].

Ground reaction forces are measured to evaluate the 
ability to, and extent of, force exertion and to calculate 
joint torques [35]. Parameters of the ground-reaction 
force can accurately reflect the dynamic strength and 
power of the lower limbs during the STS movement [11, 
20]. The lower rate of ground-reaction force develop-
ment in patients with PD results in the prolonged time 
period between movement onset and seat-off. This might 
be attributed to other underlying factors such as bradyki-
nesia, unnecessary coactivation of the antagonists, and 
possibly rigidity. The deficient tibialis anterior recruit-
ment and co-contraction between the soleus and tibialis 
anterior are accountable for decreasing the net dorsiflex-
ion torque and the duration of transfer in PD [12, 29]. It 
is inferred that improving tibialis anterior recruitment 
might facilitate quicker force production at the ankle 
during STS. Increased activity of the soleus muscle stead-
ies the anterior rotation of lower leg at the ankle, thus 
modulating the forward propulsion of the upper torso 
during the initial phase of STS [12, 29].

The transfer is not only prolonged by the ankle strategy, 
but also by low peak hip flexion torque, longer torque 
production, and the impaired switching between flex-
ion and extension in lower limbs during STS [29]. The 
slowness of movements during the acceleration phase—
owing to the difficulty in movement initiation—possibly 
increases the total STS time by up to 60% [12]. Individu-
als with PD have trouble switching the direction of the 
movement during various tasks [29]. While rising from 
a chair, the delayed termination of the hip flexor activity 
and the inadequate switch to hip extensor activity results 
in a prolonged seat-off phase. The initial eccentric hip 
extensor activity must turn into a concentric one while 
approaching the limits of stability, thereby increasing 
the task duration up to 120%. Terminal extension of STS 
is prolonged by an added 60% because of slower knee 
extension-torque development, thus delaying upward 
acceleration [29]. When the healthy adults simulated the 
PD individuals’ STS speed, the kinematic and kinetic var-
iables were not different, except for a prolonged seat off 
phase, explaining the difficulty in switching of movement 
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direction. Besides reduced torque production, proprio-
ceptive and kinaesthetic deficits in people with PD may 
also affect postural stability during STS, leading to falls 
during dual task transferring [29].

While performing the STS transfer, an individual with 
PD must maintain the CoM within a narrow base of 
support throughout the vertical acceleration phase for 
optimal postural stability [9]. Balance control during 
this dynamic transfer is also associated with the CoM 
momentum in the horizontal direction. Inkster et  al. 
observed an exaggerated hip flexion strategy in PD to 
compensate for poor postural control, and to allow the 
CoM to stay within the base of support; particularly 
during the preparatory phase of the STS transfer. Dur-
ing STS, the CoM is moved forward by 8% during the 
on-phase and 13% during the off-phase of STS [9]. It is 
reported in the literature that the upper body’s move-
ment is critical in increasing the postural stability dur-
ing the lift-off phase [11]. Individuals with PD exhibited 
a higher CoM and centre-of-pressure interaction at seat-
off with a delay of almost 1.2 s from seat-off to full stand-
ing. However, their movement pattern was very similar 
to healthy controls [25]. The individuals with PD demon-
strated substantial reductions in the peak horizontal and 
vertical centre of mass velocity with more CoM displace-
ments towards trunk lateral flexion than the controls. 
This compensatory mechanism is related to deficient sta-
bility and trunk rotation [13, 29].

When an individual with PD gets up from a chair, they 
display exaggerated trunk flexion as a compensatory 
postural-stabilisation-strategy which helps them move 
the CoM and thereby, transit from a three to two points 
base of support before rising. This is adapted to minimise 
the period of instability during the transitional phase 
of the STS sequence. Besides this, they also display a 
higher angular velocity to generate the required forward 
momentum in the upper body. The vertical CoM move-
ments at individual trunk sub-segments are not signifi-
cantly different for people with or without PD suggesting 
truncal rigidity [13]. A premature coactivation of the 
extensors and altered hip strategies account for the exces-
sive forward flexion. Although this strategy is essential 
for enabling the STS task, it results in a more prolonged 
extension phase of the transfer. While the selection of 
an appropriate motor program is available among peo-
ple with PD, the initiation and sequencing of this motor 
program becomes demanding. Likewise, rapid recruit-
ment of the quadriceps is required to overcome the flex-
ion moment generated by their body weight. As a result, 
the body tends to fall back into the chair as they begin to 
rise [28]. This commonly adopted compensatory mecha-
nism shifts the CoM anteriorly up to the limits of stability 
by generating a higher degree of trunk inclination, thus 

aiding the STS transfer [13]. Bradykinesia occurs due to 
the failure of the basal ganglia to reinforce the cortical 
mechanisms through motor planning and execution. In 
people with bradykinesia, the muscle recruitment is well-
timed, but the scaling is subpar. The midline motor area 
is most affected, impacting the pace of movements and 
delaying reaction times [36]. The basal ganglia withhold 
motor responses until the appropriate time for its firing, 
while its affection might show asynchronous muscle acti-
vation [37]. People with PD show alternating bursts of 
muscle activity between the tibialis anterior and soleus 
before the initiation of STS [12]. This premature firing 
describes an inability to generate enough muscle force 
with the initial activation of the tibialis anterior; there-
fore, subsequent bursts of activity are required to create 
the movement pattern.

Clinical non‑motor factors contributing to STS transfer
The non-motor domain of executive function involves 
the processing of internal and external stimuli, planning 
and problem solving, multitasking, initiation, and termi-
nation of activities and abstract thinking. Lesions in the 
basal ganglia affect sensory scaling and sensorimotor inte-
gration that indirectly affect this higher-order functioning 
and lead to movement planning and processing deficits 
[37]. Those with intact motor planning and sequencing 
have a higher risk of falls and functional dependency [36]. 
As the disease chronicity advances, a decline in cogni-
tive–motor interplay along with the other motor deficits 
appears. Performing the STS transfer with a cognitive task 
makes it challenging and time-consuming for individu-
als with PD. Reduced anticipatory postural adjustments 
are compromised in an effort to focus on the cognitive 
task at hand, thus making the transfer daunting [26]. The 
cognitive–motor interplay defect allows poor selection of 
motor responses based on the available sensory stimuli 
reaching the basal ganglia [36]. This absence of internal 
cues causes difficulty in stringing together multiple com-
ponents of a movement sequence. The switch from flex-
ion to extension during STS is particularly tricky in PD, 
and external cues are known to enhance this switch in 
direction. Audio-visual cues improve the attention capac-
ity in PD, thus enhancing the preparatory motor phase 
of STS [26]. Additionally, an overactive lateral premotor 
area compensates for the deficits in the basal ganglia. Pro-
viding sensory cues during the STS task, facilitates this 
compensation and improves the speed of performance 
[36]. Experts showed that audio-visual cues in PD shall 
improve the initiation and execution of STS by facilitat-
ing motor planning [38]. The improved generation of peak 
joint torques, especially the markedly reduced hip flexion 
torque, could also be the result of a heightened attention 
level in patients as part of motor preparation.
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Strength and limitations of this systematic review
The domains in which research was available were 
strength, bradykinesia, balance, posture, and cognition. 
This review took into account the studies that objec-
tively evaluated the STS transfer based on the kinematic 
and kinetic variables such as, magnitude and rate of joint 
torque production, the velocity of the CoM, peak vertical 
ground-reaction force, and CoM and centre-of-pressure 
interaction.

The main limitation of this systematic review was that 
most of the included studies provided lab-based, pos-
turographic, and isokinetic analysis, but did not include 
conventional clinical assessments. Therefore, from a 
clinical perspective, this review provides a narrow under-
standing of the extent to which a given factor affects the 
STS transfer in individuals with PD. Another potential 
limitation was that the contributing elements of STS 
were not studied through individual stages of the PD, but 
holistically reported through 1–3 stages of the disease.

Future implication
Individuals with PD find it difficult switching the move-
ment direction, less torque generation rate during STS 
transfer and more postural instability at the seat-off 
phase. The disease chronicity also affects their execu-
tive functioning predisposing them to a higher risk of 
falls when the STS is performed with cognitive dual task. 
Future studies must explore these dimensions.

Conclusion
Individuals with PD have a similar sequence of mus-
cle activation as healthy individuals, but with a reduced 
torque generation rate. They use compensatory pos-
tural strategies to maintain their balance during the STS 
transfer; however, they demonstrate postural instabil-
ity during the seat off phase. Furthermore, the switch-
ing of movement direction becomes difficult in addition 
to poor torque generation. The clinical relevance of this 
systematic review is that assessment of lower limb mus-
cles torque, movement direction switching and cognitive 
dual task should be considered during STS, warranting 
appropriate rehabilitation strategies for postural stability 
of STS of individuals with PD.
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