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ABSTRACT 

Background: High-quality evidence shows that exercise helps people with Parkinson's disease 
improve functional abilities including balance. However, few studies have investigated whether 
the setting and format through which balance-focused exercise programs are provided matters. 
This systematic review investigated group exercise compared to individual exercise, and to no­
exercise control (CTL), on clinical measures of balance for people with Parkinson's disease. 
Methods: MEDLINE, EMBASE, CINAHL and Cochrane CENTRAL databases were searched through 
March 24, 2024, on terms for Parkinson's disease; exercise or physical activity; community-based or 
group classes; balance or postural control. Citations, abstracts and full-text articles were indepen­
dently reviewed, and included studies were rated on risk of bias by two authors. 
Results: Twenty-seven randomized controlled trials (30 reports) with 1200 participants met 
criteria. Meta-analysis using mean difference (MD) compared group exercise to CTL on seven 
clinical measures of balance. Three yielded significant differences favoring group exercise: Timed 
Up and Go= -2.29 (MD), -3.56 to -1.02 (95% Confidence interval) (95% Cl); Mini-BEST= 2.72 (MD), 
1.88 to 3.57 (95% Cl); Berg Balance Scale = 4.31 (MD), 1.33 to 7.29 (95% Cl). Meta-analyses were also 
conducted on six clinical measures of balance, comparing group exercise to individual exercise, 
yielding no significant differences. 
Conclusions: For people with Parkinson's disease, group exercise may be more effective than CTL 
on some clinical measures of balance and it yields similar results to individual exercise. People with 
Parkinson's disease are encouraged to participate regularly in group or individual exercise based 
on preference and accessibility. 
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lntroduction 

Parkinson's disease is the fastest growing neurologic 
disease worldwide and leads to decades of profound 
physical, social, and emotional impacts (Bloem, Okun, 
and Klein, 2021; Osborne et al., 2022). No treatment is 
available to stop or reverse the damage it causes to 
neurologic and other physical systems, leading to 
a critical need for treatments and adjuvant approaches 
such as regular exercise. High-quality evidence shows 
that consistent exercise helps people with Parkinson's 
disease (PwP) reduce motor disease severity, improve 
functional abilities, enhance mobility and increase qual­
ity of life (Alberts and Rosenfeldt, 2020; Osborne et al., 
2022). A key to enhancing quality oflife is to address the 
pervasive balance difficulties experienced in Parkinson's 
disease (PD), and exercise has been shown to improve 
clinical measures of balance and gait for PwP, reduce 
postural control impairments and increase balance 

confidence and quality of life (Klamroth, Steib, Devan, 
and Pfeifer, 2016; Osborne et al., 2022; Shen, Wong-Yu, 
and Mak, 2016). 

Many different modes of exercise are available to 
address balance limitations ranging from aerobic or 
resistance training protocols to balance-specific pro­
grams, dance, tai chi, non-contact boxing and others 
(Langbroek-Amersfoort et al., 2023; Merali, Cameron, 
Barclay, and Salbach, 2016), and many have been shown 
to be effective at improving balance (Klamroth, Steib, 
Devan, and Pfeifer, 2016; Osborne et al., 2022; Yang 
et al., 2022). Balance-focused exercise programs are 
offered to PwP in different settings, including rehabili­
tation services that individually monitor and progress 
the exercise content, home exercise programs (HEP) 
prescribed by a physical therapist or exercise profes­
sionals, and community-based programs that provide 
group exercise in a social environment (Merali, 
Cameron, Barclay, and Salbach, 2016). Relatively few 
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studies have investigated whether the setting and format 
through which balance-focused exercise programs are 
delivered matters. 

Exercise programs for balance that are individually 
designed and conducted as one-on-one training ses­
sions offer several advantages; they can be tailored to 
suit the dient in terms of frequency, intensity, timing 
and mode of exercise as well as in terms of the extent 
and mode ofbalance challenge (Conradsson et al., 2015; 
Moore, Durstine, and Painter, 2016). This adaptability is 
especially dear for individually monitored exercise 
(individual exercise), but also pertains to HEP. The 
adaptability of individual exercise may be critical since 
individual dients find different aspects of balance chal­
lenging. Examples indude steady state balance, reac­
tions to internal or external perturbations, balance 
during mobility tasks or with dual-task challenges, or 
managing changing sensory conditions {Schoneburg, 
Mancini, Horak, and Nutt, 2013). However, individual 
exercise programs can be hard to sustain due to cost, 
transportation difficulties, access to qualified providers, 
and motivation to maintain an individual program 
especially for HEP. Group exercise provides different 
tradeoffs. Many group exercise programs indude com­
munity building and social supports to encourage long­
term participation and enhance motivation, confidence 
and self-efficacy for exercise (Merali, Cameron, Barday, 
and Salbach, 2016). They are also usually low-cost, read­
ily available, and offer a wide range of options for mode 
of exercise {Domingos et al., 2022; Langbroek­
Amersfoort et al., 2023; Merali, Cameron, Barday, and 
Salbach, 2016). On the other hand, group exercise can­
not be individually tailored and progressed, and it 
shares the difficulty of requiring transportation and 
a fixed schedule. 

Two recent evidence summaries investigated several 
issues related to the format or setting in which exercise 
programs are delivered to PwP. A dinical practice 
guideline (CPG) by Osborne et al. compared commu­
nity-based versus individual exercise and found three 
studies that provided evidence on balance confidence 
{Osborne et al., 2022). The authors made a moderate 
quality recommendation based on two studies that phy­
sical therapists should use higher levels of supervision to 
improve self-efficacy for balance. They also considered 
the effects of community-based exercise on balance 
compared to nonactive controls and found that the 
results lacked darity. Eight high-quality studies demon­
strated no improvement in balance relative to 
a nonactive CTL, whereas five demonstrated significant 
benefits. N either the mode of exercise nor the duration 
of the program, darified a rationale for the discrepancy 
in results. Osborne et al. did not report on specific 

measures of balance ability such as the Mini Balance 
Evaluation Systems Test (Mini-BEST), Berg Balance 
Scale (BBS) or Timed Up & Go {TUG). 

Yang et al. investigated community-based exercise 
programs and how the parameters of those programs 
affected functional outcomes (Yang et al., 2022). They 
defined community-based exercise as group programs 
not led by physical therapists and not using equipment; 
this resulted in exdusion of several community-based 
programs focused on balance exercise per se. The sys­
tematic review reported on just two balance measures, 
TUG and BBS. Their results found that community­
based nonphysical therapy groups significantly 
improved TUG and BBS scores relative to a control 
condition (CTL) that exduded exercise-related therapy. 
They also found that the parameters of individual dass 
duration, exercise duration per week, and exercise mode 
did not significantly affect the balance measures 
considered. 

Shen and colleagues (Shen, Wong-Yu, and Mak, 
2016) also addressed the comparison between group 
and individual exercise obliquely when they examined 
the effectiveness of exercises induding a balance com­
ponent for PwP in different settings. They conducted 
a meta-regression study which demonstrated that effec­
tiveness was significantly better for facility-based exer­
cise programs than for community-based or home­
based programs when compared to a placebo condition. 
Although one might expect community-based programs 
tobe administered in groups and home-based programs 
to be administered individually, the authors did not 
specify how facility-based programs were administered, 
nor did they relate their findings to group versus indi­
vidual formats. The Shen review also combined a wide 
array of balance outcomes into one overall meta­
analysis instead of conducting a separate meta-analysis 
for each dinical outcome measure. 

There is limited knowledge on whether group exer­
cise provides a similar level of benefit as individual 
exercise for improving dinical measures of balance. 
Many studies exploring the benefits of individual exer­
cise for balance were large dinical trials that were highly 
controlled with explicitly defined exercise protocols 
(Conradsson et al., 2015; Osborne et al., 2022; 
Schenkman et al., 2018; Yitayeh and Teshome, 2016), 
whereas research on community-based group programs 
have generally employed small, lower-quality, studies on 
a diverse set of exercise or physical activity programs 
{Flynn et al., 2019; Klamroth, Steib, Devan, and Pfeifer, 
2016; Langbroek-Amersfoort et al., 2023; Merali, 
Cameron, Barday, and Salbach, 2016). Moreover, there 
is limited evidence on how the full range of group 
exercise compares to a no-exercise CTL for improving 
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balance in PwP. Hence, the purpose of this systematic 
review with meta-analysis was to investigate how group 
exercise compared to individual exercise, or to a no­
exercise control with regards to clinical measures of 
balance for people with Parkinson's disease. 

Methods 

Study design and reporting guidelines 

This study is a systematic review and meta-analysis 
comparing the effect of group exercise with individual 
exercise or CTL in people with Parkinson's disease, and 
it followed the Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) reporting guide­
lines (Page et al., 2021). The review protocol was regis­
tered prospectively with PROSPERO 
( CRD42022289501). 

Data sources and search strategy 

Several electronic databases were searched (MEDLINE, 
EMBASE, CINAHL, Cochrane CENTRAL) through 
March 24, 2024. Multiple terms for exercise, balance, 
and Parkinson's disease, along with their MeSH terms, 
were used in combination to search in all bibliographic 
fields. The search strategies for each database are pre­
sented in Appendix-A. Tobe included, studies needed 
to be randomized controlled trials (RCTs), including 
cross-over RCTs, and published in English as an original 
research study. Clinicaltrials.gov and reference lists 
from included studies were hand-searched to identify 
studies that may have been missed. 

Study selection 

Participants: Studies that recruited PwP were included. 
There were no restrictions on age, sex, race or disease 
duration. Studies that compared PwP with healthy 
adults or other clinical populations were excluded. 

Interventions: Studies were included if at least one 
intervention arm or phase provided group exercise pro­
gram and the other intervention arm or phase provided 
an individualized exercise program or a control group 
that did not receive an exercise or group education 
intervention. Group exercise was defined as any mode 
of physical activity performed in a group of three or 
more individuals. The exercise-based intervention 
included resistance training, aerobics, balance training, 
a combination of these, as well as other physical activ­
ities such as dance, yoga, tai chi, qigong, etc. 

Comparison: The comparison intervention had to be 
an exercise program delivered to an individual or a CTL 
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condition. Individual exercise programs could be deliv­
ered in person or via home exercise. Group and indivi­
dual programs could be led by physical therapists, 
fitness professionals or others, such as dance instructors, 
yoga instructors, etc. 

The CTL was defined as participants receiving no 
exercise or other physical activity intervention and 
receiving no form of group intervention (e.g., health 
and wellness dass). The CTL could include continua­
tion of ongoing physical activities and/or receiving edu­
cational materials if not part of a group dass. 

Studies were excluded if the description of the con­
ditions did not specify whether they were performed 
individually or in a group, and it could not be clarified 
by communicating with the authors. 

Outcomes: Studies were included if they assessed bal­
ance or balance confidence. The balance assessment 
could include measures of dynamic stability and mobility, 
such as TUG, Dual TUG, Functional Gait Assessment 
(FGA), BBS, Mini-BEST, etc.; measures of static stability, 
such as Balance Error Scoring System test, Sensory 
Organization Test, Single Leg Stance (SLS), etc.; or mea­
sures of balance confidence such as the Activity-specific 
Balance Confidence (ABC) Scale or Falls Efficacy Scale 
(FES). General measures of motor symptoms such as the 
Modified Unified Parkinson's Disease Rating Scale or the 
Parkinson's Disease Questionnaire and temporo-spatial 
measures of gait speed, were not considered sufficiently 
specific to balance to include (Moore et al., 2018; Shirley 
Ryan AbilityLab, 2024). 

Se/ection process 

To identify citations from the search of databases, auto­
mation tools were used when possible to restrict cita­
tions to clinical trials or RCTs, and to exclude 
commentaries, case studies, and reviews. Citations 
were transferred to the Zotero reference management 
system version 6.0.37 where duplicates were identified 
and eliminated by sorting on article titles ( Corporation 
for Digital Scholarship, 2024). Two pairs of authors (PL 
& RS, NM & BD) independently screened titles and 
abstracts and reviewed full-text articles for one-half of 
the citation list to identify studies eligible for inclusion. 
Disagreements between authors in a pair over the elig­
ibility of studies were resolved through discussions and 
consensus among four of the authors (PL, RS, NM 
and BD). 

Data extraction and quality assessment 

Data from the included studies were extracted indepen­
dently by two authors (PL, BD) with disagreements 
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resolved by a third author (RS). When available, the 
following data were extracted: first author, date of pub­
lication, design of the study, blinding of participants and 
evaluators, characteristics of the participants (i.e., age, 
sample size, Hoehn and Y ahr score, key inclusion and 
exclusion criteria), intervention details of the experi­
mental and control groups including total intervention 
time, credentials of exercise leader, clinical measures of 
balance, measured balance outcomes, intergroup differ­
ences in intervention effects, and adverse events. Hoehn 
& Yahr score (H&Y) is a commonly used clinical tool to 
describe PD progression based primarily on motor 
symptoms (Martinez-Martin et al., 2018). lt ranges 
from 1-5 with stages 1 to 3 representing mild-to­
moderate disease during which individuals maintain 
capacity to walk independently with or without an 
assistive device. When sufficient data or information 
were lacking, efforts were made to contact the corre­
sponding authors of the study. 

Two authors (OP and RAS) independently rated each 
included study using the revised Cochrane risk-of-bias 
tool (RoB2) (Higgins et al., 2019). Any disagreements in 
ratings were resolved through discussion and 
consensus. 

Data synthesis and analysis 

Meta-analysis was performed using Cochrane review 
manager software (RevMan, version 5.4.1). When avail­
able, change scores and standard deviations (SD) were 
used in the meta-analysis otherwise, posttest means and 
SDs were used following the Cochrane guidelines, 
Chapter 10 (Higgins et al., 2023). When SDs were not 
reported but 95% confidence intervals (CI) were avail­
able, the authors calculated SDs for purposes of the meta­
analysis. If multiple groups in one study met the criteria 
for group exercise or for individual exercise, their results 
were combined following Cochrane guidelines, 
Chapter 23 (Higgins et al., 2023). Separate analyses were 
performed for studies comparing the effects of group 
exercise to individual exercise and for studies comparing 
the effects of group exercise to CTL. Meta-analysis was 
conducted for each outcome measure that had data avail­
able from at least two included studies. Meta-analyses 
were calculated using mean differences (MD) with 
a random effects model to account for the likelihood of 
substantial variability related to diverse exercise modes 
and protocols. The statistical significance level (a) was set 
at 0.05 for all analyses. The Higgins 12 statistic was used to 
assess statistical heterogeneity. If heterogeneity was high 
(12 > 50% ), sensitivity analyses were performed by remov­
ing studies with high risk ofbias ratings, or interventions 
lasting at least 52 wks. 

Results 

Study selection 

Database searches identified 957 citations of which 545 
were unique. After two independent reviews of each title 
and abstract, 137 citations remained potentially relevant 
and were sought for full-text review (Figure 1). From 
those, we identified 27 studies for inclusion (Atterbury 
and Welman, 2017; Chen et al., 2023; Cherup et al., 
2021; Conradsson et al., 2015; Cugusi et al., 2015; 
Duncan and Earhart, 2012, 2014; Ebersbach, Edler, 
Kauthold, and Wisse}, 2008; Hackney and Earhart, 
2008; Harro et al., 2014; Hashimoto et al., 2015; King 
et al., 2015; Kunkel et al., 2017; Leal et al., 2019; Li et al., 
2022; Mulligan et al., 2018; Ni et al., 2016; Rios 
Romenets et al., 2015; Sage and Almeida, 2009, Silva 
and Israel, 2019; Solla et al., 2019; Sparrow et al., 2016; 
Tollar, Nagy, and Hortobagyi, 2019; Tollar, Nagy, 
Kovacs, and Hortobagyi, 2018; Van Puymbroeck et al., 
2018; Wan et al., 2021; Zhu et al., 2020). Three of the 
included studies were reported in two reports each 
(Conradsson et al., 2015; Harro et al., 2014, 2014b; 
Tollar, Nagy, Kovacs, and Hortobagyi, 2018, 2019; 
Wallen et al., 2018) resulting in a total of 27 included 
studies and 30 included reports. Full-text review elimi­
nated studies most often because the conditions did not 
meet our comparison criteria; they may have compared 
two forms or group exercise, or two forms of individual 
exercise, or had a CTL including group instruction. 

Study characteristics 

Table 1 describes the characteristics of the design, par­
ticipants, conditions tested and outcome measures. All 
studies were RCTs including one quasi-randomized trial 
that randomly assigned three separate support groups to 
receive the various conditions, one study was a cross­
over trial where both arms were used, and one study was 
mixed methods including qualitative interviews. 

Figure 2 shows the risk ofbias ratings for each study, 
rated separately for studies using per protocol or inten­
tion-to-treat analysis. Most of the reports were judged to 
have some risk of bias (26 of 30), whereas two were 
judged as low risk of bias and two as high risk of bias. 
None blinded participants to their intervention, and 
only five reports discussed pre-registering the trial. 

The average number of participants per study was 
33.8, and 21 of 30 reports had at least 30 participants. 
A total of 1200 participants were included after removing 
duplicates from the dual reports on three studies. 

Over 20 different measures of balance or balance 
confidence were reported in the 30 included reports. 
Of these outcome measures, TUG, Mini-BEST, BBS, 
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ldentification of studies via databases and registers 

C) 
C: 
C: 
Q) 

~ 
u 
t/) 

"C 
Q) 
"C 
:::, 
u 
C: 

Records identified from: 
MEDLINE (n = 559) 
EMBASE (n=105) 
CINAHL (n=105) 
Cochrane CENTRAL (n=184) 
Hand Search (n=6) 
(Total = 959) 

Records screened 
(n = 547) 

Reports assessed for eligibility 
(n=137) 

,, 
lncluded reports (n=30) 

lncluded studies (n=27) 

Records marked as ineligible by 
r automation tools* 

(n = 412) 

Records excluded based on 
review of titles and abstracts 
(n = 410) 

~ Reports excluded (n = 107): 
r Comparison inappropriate/\ 

(n = 54) 
Purpose/design different/\/\ 
(n = 18) 
Abstract, review or qualitative 
study (n = 18) 
No balance measures 
(n = 11) 
Sample not Parkinson's 
(n = 4) 
Not available in English 
(n = 2) 

Figure 1. PRISMA flow diagram of the study selection and identification process. *Automation tools were used to exclude duplicates, 
review articles, commentaries, case studies, and other non-clinical trials. A(omparisons were inappropriate if both conditions were 
delivered in groups, both conditions were delivered individually, or a condition included both individual and group delivery. ""5tudy 
did not evaluate effectiveness of exercise intervention. 

ABC, Dual TUG, and FGA were reported by at least two 
studies comparing group exercise to individual exercise, 
and hence could be subject to meta-analysis. Likewise, 
the TUG, Mini-BEST, BBS, DGI, Tinetti, SLS and FES 
were reported by at least two studies comparing group 
exercise to CTL, and hence could be subject to meta­
analysis. All studies provided results at posttest and 
these were used in the meta-analyses, five reports also 
reported a follow-up. 

All studies tested PwP, defmed variously as PD, idio­
pathic PD, or verified diagnosis using the United 
Kingdom Brain Bank criteria (UKBB). The average 
ages were in the sixties or early seventies for all studies. 
All but five reports included participants with H&Y 

scores within the 1 to 3.5 range; two reports did not 
provide H&Y levels, and three reports included partici­
pants up to H&Y stage 4. 

Thirteen studies reported documenting adverse 
events. Of those, eight reported no adverse events, five 
reported one or more events, and none described 
a serious adverse event. 

Intervention characteristics 

Among the 27 studies (and 30 reports) fitting the inclu­
sion criteria, 10 reports compared group exercise to 
some form of individual exercise, and 21 reports com­
pared group exercise to CTL. One study contributed to 
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Table 1. Description of included studies. 

Article 

Atterbury and 
Welman 
(2017) 

Chen et al. 
(2023) 

Cherup et al. 
(2021 ) 

Conradsson 
et al. (2015) 

Cugusi et al. 
(2015) 

Duncan and 
Earhart 
(2012) 

Duncan and 
Earhart 
(2014) 

Ebersbach et al. 
(2010) 

Hackney and 
Earhart 
(2008) 

Harro et al. 
(2014) 

Harro et al. 
(2014) 

Study 
characteristics 

N=40 
PD 
H&Y 1-3 

N=39 
UKBB dx of PD 
H&Y 1-4 

N=33 
PD 
H&Y 1-3 

N=91 
ldiopathic PD 
H&Y 2-3 
N=20 
Probable PD 
H&Y 1-3 
N= 62 
"Definite PD" 
H&Y 1-4 
N=10 
ldiopathic PD 
H&Y 2-3 
N=60 
ldiopathic PD 
H&Y 1-3 

N= 33 
ldiopathic PD 
H&Y 1.5-3 
N=20 
ldiopathic PD 
H&Y 1-3 

N= 20 
ldiopathic PD 
H&Y 1-3 

Hashimoto et al. N = 59 
(2015)* PD 

H&Y 1-3 

King et al. N= 58 
(2015) ldiopathic PD 

H&Y 2-3 

Group exercise condition 
Number of participants analyzed 

Balance training program (n = 24). Focused on posture, base of support, 
center of gravity activities. Progressed to dynamic and functional 
balance including cognitive-motor tasks. 

40-60 min/session, 3x/wk, 8 wks. Total= 960 to 1440 min. 

Archery training course (n = 16). Aimed to improve upper extremity 
function and posture. 

120 min/session, lx/wk, 12 wks. Total= 1440 min. 

Yoga group classes (n = 15). lncludes 15 poses, mental imagery, action­
observation, meditation. 

45 min/session, 2x/wk, 12 wks. Total= 1080 min. 

HiBalance® training program (n = 47). 
60 min/session, 3x/wk, 10 wks. Total= 1800 min. 

Nordic walking program (n = 10). 
60 min/session, 2x/wk, 12 wks. Total= 1440 min. 

Partnered tango dancing (n = 32). 
60 min/session, 2x/wk, 52 wks. Total = 6120 min. 

Argentine tango (n = 5). 
60 min/session, 2x/wk, 104 wks. Total= 12,480 min. 

LSVT BIG® (n = 20). 
60 min/session, 4x/wk, 4 wks. Total= 960 min. 
Nordic walking (n = 19). 
60 min/session, 2x/wk, 8 wks. Total = 960 min. 
Structured, progressive Tai Chi (TC) lessons (n = 13). 
60 min/session, 2x/wk, 20 sessions (within 13 wks). Total = 1200 min. 

Rhythmic auditory-cued overground locomotor training (n = 10). lndoors, 
specified tempo of music. 

30 min sessions, 3x/wk, 6 wks. Total= 540 min. 

Rhythmic auditory-cued overground locomotor training (n = 10). lndoors, 
specified tempo of music. 

30 min sessions, 3x/wk, 6 wks. Total = 540 min. 

Dance Group (n = 15). 
60 min session, lx/wk, 12 wks. Total= 720 min. 
PD Exercise group (n = 17). 
60 min session, lx/wk, 12 wks. Total= 720 min. 
Agility Boot Camp• provided in groups (n = 20). Targets biomechanical 

constraints, kinesthesia, limits of stability, anticipatory postural 
adjustments, bradykinesia, and coordination during gait. 

60 min sessions, 3x/wk, 4 wks. Total = 720 min. 

Individual exercise or Control condition 
Number of participants analyzed 

IEx=Home-based balance training program (n 
= 16). Same balance program but used DVD, 
assisted by caregiver for safety. 

40-60 min/session, 3x/wk, 8 wks. Total= 960 to 
1440min. 

CTL (n = 15). lncluded one face-to-face 
interview about how to stretch the upper 
extremities, and pamphlet on self-care. 

Total= NR. 
IEx=Proprioception training (n = 18). lncludes 

balance and walking exercise, may include 
agility. 

45 min/session, 2x/wk, 12 wks. Total = 1080 
min. 

CTL (n=44). 
Total = 0 min. 

CTL (n= 10). 
Total= 0 min. 

CTL (n = 30). 
Total = 0 min. 

CTL (n = 5). 
Total= 0 min. 

IEx=Home Exercise (n = 19). 
1 hr of instruction at beginning. 
Total=NR. 

CTL (n = 13). 
Total =0min 

IEx=Speed-dependent treadmill training (SDTT) 
(n = 10). Moderate intensity treadmill 
training , 3 speed intervals. 

30 min sessions, 3x/wk, 6 wks. Total = 540 min. 

Outcome measures 

FGA, 
lnstrumented TUG, 
ABC 

TUG 

Balance error scoring 
system, Tinetti, 
TUG, FES 

Mini-BEST, Modified 
figure-of-8, FES-1 

BBS, TUG 

Mini-BEST 

Mini-BEST, TUG, Dual 
TUG 

TUG 

BBS, One leg stance, 
Tandem stance, 
TUG 

BBS, Rapid step-up 
test, ABC 

IEx=Speed-dependent treadmill training (SDTT) FGA 
(n = 10). Moderate intensity treadmill 
training , 3 speed intervals. 

30 min sessions, 3x/wk, 6 wks. Total= 540 min. 
CTL (n = 14). BBS, TUG, TUG steps 
Total= 0 min. 

IEx = Agility Boot Camp• provided one-on-one Mini-BEST, TUG, Dual 
(n = 21). TUG, ABC 

60 min sessions, 3x/wk, 4 wks. Total = 720 min 

Adverse events 
Exercise leader 

AE = NR 
ExLd = NPT 

AE=0 
ExLd = N PT, sp 

AE=0 
ExLd = N PT, sp 

13 adverse events, all non-
injurious falls 

ExLd = PT, sp 
AE=0 
ExLd = N PT, sp 

AE = NR 
ExLd = NPT 

AE = NR 
ExLd=NPT 

AE = NR 
Exld = PT 

AE = NR 
ExLd = N PT, sp 

AE=0 
ExLd = PT, sp 

AE = 0 
ExLd = PT, sp 

AE = NR 
ExLd = NR 
AE=NR 
Exld=PT 
AE = NR 
ExLd = PT, sp 

(Continued) 
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Table 1. (Continued). 

Study 
Article characteristics 

Kunkel et al. N = 46 
(2017) Confirmed 

diagnosis of 
PD 

H&Y 1-3 
Leal et al. (2019) N = 54 

Li et al. (2022) 

Mulligan et al. 
(2018) 

Ni et al. (2016) 

Rios Romenets 
et al. (2015) 

Sage and 
Almeida 
(2009) 

Silva, 2019 

Salla et al. 
(2019) 

Sparrow et al. 
(2016)** 

Tollar, 

PD 
H&Y 1-3 
N=95 
PD 
H&Y 1-2.5 

N=41 
ldiopathic PD 
H&Y NR 
N=37 
ldiopathic PD 
H&Y 1-3 

N=33 
ldiopathic PD 
H&Y 1-3 

N=53 
ldiopathic PD 
H&Y NR 

N=25 
ldiopathic PD 
H&Y 1-2.5 
N=19 
Clinical PD 
H&Y 1-3 
N=23 
ldiopathic PD 
H&Y 2-3 
N=55 

Nagy, Kovacs, UKBB dx of PD 
and H&Y 2-3 
Hortobagyi 
(2018) 

Group exercise condition 
Number of participants analyzed 

Ballroom dance with healthy partner (n = 31) 
60 min/session, 2x/wk, 1 O wks.Total = 1200 min. 

Resistance training (n = 27). 
30-40 min/session, 2x/wk, 24 wks. Total= 1440 to 1920 min. 

Standardized Yi Tai Chi classes (n = 32). 
60 min/session, 2x/wk, 52 wks. Total= 6240 min. 

Aerobic, progressive resistance and balance exercises in circuit setting (n 
=21). 

60 min session, l x /wk, 32 wks. Total = 1920 min. 
Yoga classes (n = 13). Designed to improve movement speed, muscle 

strength and power, and balance. 
60 min sessions, 2x/wk, 12 wks. Total = 1440 min. 

Argentine Tango (AT) (n = 18). Partnered with friend, family or tango 
dancer. 

60 min sessions, 2x/wk, 12 wks. Total = 1440 min. 

PD SAFEx® program (n = 18). 
40-60 min/session, 1x/wk, 12 wks. Total= 480 to 720 min. 
Lower limb aerobic exercise with semi-recumbent elliptical bicycle (n = 

13). 
30 min/session, 1 x/wk, 12 wks. Total= 360 min. 
Immersion and dual task aquatic exercises (n = 14). 
50 min/session, 2x/wk, 10 wks. Total= 1000 min. 

Sardinian folk dance program (n = 10). 
90 min/session x 2x/wk, 12 wks. Total = 2160 min. 

Highly challenging balance exercises (n = 12). 
90 min/session, 2x/wk, 12 wks. Total= 2160 min. 

HIHFEx (n = 35). 
60 min/sess, Sx /wk, 3 wks. Total= 900 min. 

Individual exercise or Control condition 
Number of participants analyzed 

IEx = Agility Boot Campe as unsupervised HEP 
(n= 17). 

60 min sessions, 3x/wk, 4 wks. Total = 720 min 
Third condition excluded because it was group 

health education (n = 10). 
CTL (n= 15). 
Total = O min. 

CTL (n = 27). 
Total= 0 min. 

CTL (n = 17). 
Total = O min. 
IEx=Brisk walking group (n = 17). excluded 

because could not determine if it was group 
or individual exercise. 

CTL (n=20). 
Total= O min. 

IEx=Power training (n = 14). 11 pneumatic 
machines. 

45-60 min sessions, 2x/wk, 12 wks. Total 
= 1080-1440 min. 

AThird condition excluded. 
CTL (n = 15). Wait list plus exercise pamphlet, 

instructed to practice daily at harne· ... 
Total = NR. 

CTL (n= 15). 
Total = 0 min. 

CTL (n= 11). 
Total= O min. 

CTL (n=9). 
Total = 0 min. 

CTL(n=11). 
Total = O min. 

CTL (n = 20). 
Total= 0 min. 

Outcome measures 

BBS, TUG, ABC 

Sit & reach, TUG, 
Tinetti 

BBS, TUG 

Mini-BEST 

Adverse events 
Exercise leader 

1 unrelated medical issue, 1 
non-injurious fall in 
Ballroom. No AE in CTL. 

Exld=NPT, sp 

AE = NR 
Exld = NPT 

AE = NR 
Exld = N PT, sp 

AE = NR 
Exld = PT 

BBS, Functional reach, AE = NR 
Mini-BEST, Single Exld = NPT, sp 
leg stance. TUG 

Mini-BEST, TUG, Dual 
TUG 

TUG 

BBS, DGI, TUG 

BBS, TUG 

Mini-BEST, FES-1 

TUG 

22% ofTango group and 13% 
of CTL had adverse events, 
most commonly falls. 

Exld = N PT, sp 
AE = NR 
Exld = NPT 
AE = NR 
Exld = NR 

AE = NR 
Exld = PT 

O events 
Exld=NPTAA 

7 adverse events, all resolved 
by next session 

Exld=PT, sp 
AE = NR 
Exld = PT 
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Table 1. (Continued). 

Article 

Tollar, (2019) 

Tollar, (2019) 

Van 
Puymbroeck 
et al. (2018) 

Wallen et al., 
(2018) 

Wan et al. 
(2021 ) 

Zhu et al. (2020) 

Study 
characteristics 

N= 74 
UKBB dx of PD 
H&Y 2-3 

N=55 
UKBB dx of PD 
H&Y 2-3 

N=27 
PD 
H&Y 1.5-3 
N=80 
ldiopathic PD 
H&Y 2-3 
N=52 
PD 
H&Y 1-4 
N= 41 
UKBB dx of PD 
H&Y 1-3 

Group exercise condition 
Number of participants analyzed 

Agility exercises (n = 25). 
60 min/session, 5x/wk, 5wks. Total= 1500 min. 
Cycle spin class (n = 25). 
60 min/session, 5x/wk, 5 wks. Total = 1500 min. 
HIHFEx + Maintenance (n = 13). 
60 min/sess, 5x/wk, 3 wks +60 min/sess, 3x/wk, 104 wks. Total= 18,720 

min. 
HIHFEx only (n = 18). 
60 min/sess, 5x/wk, 3 wks. Total= 900 min. 
Yoga dass (n = 15). 
Session length NR. 2w/wk x 8 wks. Total=NR. 

Hi Balance® program (n = 41 ). 
60 min/sess, 3x/wk, 10 wks. Total= 1800 min. 

Health Qigong exercise therapy (n = 20). 
60 min/sess, 4x/wk, 12 wks. Total= 2880 min. 

Tai Chi (TC) (n = 18). Structured, progressive Tai Chi lessons 
45 min/sess, 3x/wk, 12 wks. Total= 1620 min. 

Individual exercise or Control condition 
Number of participants analyzed 

CTL, wait list (n = 24). 
Total = 0 min. 

CTL (n= 15). 
Total = 0 min. 

CTL, wait list (n = 12). 
Total = O min. 

CTL (n = 39). 
Total = 0 min. 

CTL (n = 20). 
Total= O min. 

IEx = Routine Exercise alone (n = 21). 
45 min/sess, 5x/wk, 12 wks. Total = 1620 min. 

Outcome measures 

BBS, BEST, DGI, Tinetti 

TUG 

FGA, Mini-BEST 

Mini-BEST, Modified 
figure-of-8 

One-legged blind 
balance test, TUG 

BBS 

Adverse events 
Exercise leader 

O events 
ExLd=PT, sp 
O events 
ExLd = PT, sp 
AE = NR 
ExLd = PT 

AE = NR 
Exld = PT 
AE = NR 
ExLd = N PT, sp 

AE = NR 
ExLd = PT, sp 

O events 
ExLd = N PT, sp 

1 fall in Tai Chi, O AE in Routine 
Exercise. 

ExLd = N PT, sp 

"Support groups randomized to different conditions. ""Randomized controlled trial with cross-over, both periods included. •••Not clear if they did harne exercise du ring the wait list period. ANot clearly individual exercise 
and not clearly usual care. AAGroup dance exercise led by dance teacher but supervised by PT. ABC = Activities-Specific Balance Confidence Scale; AE = Adverse events; BBS = Berg Balance Scale; CTL = Control condition; 
DGI = Dynamic Gait Index; Dual TUG = Dual task Timed Up & Go test; DVD= Digital video disc; ExLd = Exercise leader; FES-1 = Falls Efficacy Scale - International; FGA = Functional Gait Assessment; HEP = Horne exercise 
program; HIHFEx = High intensity and high-frequency exercise; H&Y = Hoehn and Yahr scale; IEx = Individual exercise condition; Mini-BEST= Mini Balance Evaluation Systems Test; N = Number of participants recruited; n = 
number of participants analyzed for that group; NPT = Exercise led by non-PT instructor; NR = not reported; PD = Parkinson's Disease; PT = Exercise led by physical therapist; sp = specialized training; TUG=Timed Up & Go 
test; UKBB dx = United Kingdom Brain Bank diagnosis; x = sessions. 
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StudyID 

Atterbury 2017 

Chen2023 

Cherup 2021 

Conradsson2015 

Cugussi 2015 

Duncan2014 

Ebersach 2012 

Hackney 2008 

Harro 2014a 

Harro 2014b 

Hashimoto 2015 

King 2015 

Kunkel 2017 

Leal2019 

Mulligan 2018 

Ni2016 

Sage 2009 

Silva 2019 

Solla 2019 

Sparrow 2016 

Tollar 2018 

Tollar 2019a 

Tollar 2019b 

Van Puymbroeck 2018 

Wan2021 

Duncan2012 

Li2022 

Rios Romenets 2015 

Wallen2018 

Zhu2020 

PHYSIOTHERAPY THEORY AND PRACTICE @ 9 

Dl D2 D3 D4 D5 Overall 

Studies analyz.ed per protocol 

CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
G 
CD 

• -CD 
CD 
CD 
CD 
CD -CD 
CD 
CD 
CD 

CD 
CD 
CD 
CD 
G 

Figure 2. Ratings of study quality. Low risk + Some concern High risk • D1 = Randomization process. D2 = Deviations 
from the intended interventions. D3 = Missing outcome data. D4 = Measuremen of the outcome. D5 = Selection of the reported 
result. 
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both comparisons as its three conditions included group 
exercise, individual exercise, and CTL. 

Nine reports contrasted group exercise with individu­
ally administered activity, five of which consisted of 
home exercise programs; 22 reports contrasted group 
exercise with CTL, which consisted of no additional 
treatment beyond continuing with usual activities. The 
average duration of the physical activity intervention was 
20 wks (SD = 25.7), with 24 studies having durations of 
less than 14 wks, and four studies having durations of 52 
wks or more. In 14 studies, the group exercise condition 
was led by a physical therapist, andin 16, it was led by an 
instructor experienced in that mode of activity. 

Many different types of exercise were investigated. 
Seventeen reports examined multi-component group 
exercise programs, seven reports provided Tai Chi, 
yoga, or qigong classes, six focused on various forms 
of group dance, and one provided a group archery 
program. About half the group classes were led by 
a physical therapist and half by instructors with specific 
training in their exercise form. 

Meta-analyses for group exercise versus individual 
exercise 

The MD was not significant for group exercise versus 
individual exercise for any of the outcome measures 
analyzed, including multi-item balance scales (Mini­
BEST, BBS), measures of dynamic mobility (TUG, 
Dual TUG, FGA), and self-reported measures ofbalance 
confidence (ABC). Figure 3 shows forest plots, the num­
ber of studies and the MD effect size and 95% CI for 
each outcome measure subject to meta-analysis. 
Heterogeneity was high (12 > 50%) for the TUG (12 = 
57%) and the Mini-BEST (I2 = 80%). 

In terms of sensitivity analysis, no studies with high 
risk of bias contributed to these meta-analyses. 
Removing one study with an unusually long interven­
tion duration (52 wks) (Li et al., 2022) from the TUG 
meta-analysis reduced heterogeneity to 36%, and the 
MD remained non-significant. No studies with unu­
sually long durations were included in the BBS meta­
analysis. 

With the exception of the TUG meta-analysis, the 
evidence from the other meta-analyses in this set was 
limited; they each had fewer than four studies and 150 
participants, and some showed significant unexplained 
heterogeneity. 

Meta-analyses for group exercise versus control 

As shown in Figure 4, the MD was significant and 
favored group exercise over CTL for three outcome 

measures: TUG (MD= -2.29, 95% CI: -3.56 to -1.02) 
based on 11 studies (12 reports) with 457 participants; 
Mini-BEST (MD= 2.72, 95% CI: 1.88 to 3.57) based on 
eight studies with 402 participants; BBS (MD= 4.31, 
95% CI:1.33 to 7.29) based on eight studies and 290 
participants. Non-significant MDs were observed for 
the DGI from two studies with 74 participants, the 
Tinetti from two studies with 103 participants, the SLS 
from two studies with 66 participants, and the FES from 
two studies with 107 participants. Heterogeneity 
was high for the TUG (12 = 91 %), BBS (12 = 86%), DGI 
(12 = 88%) and Tinetti (12 = 91 %). 

In terms of sensitivity analyses, removing studies 
with high risk of bias or unusually long intervention 
durations did not reduce heterogeneity to acceptable 
levels for either the BBS (12 = 78%) or the TUG 
(12 = 86%). Both comparisons remained statistically 
significant (TUG MD= -2.08, 95% CI: -3.29, -0.87; 
BBS MD= 5.20, 95% CI: 2.44, 7.97). For the Tinetti, 
removing studies with high risk of bias or unusually 
long intervention durations resulted in only one study 
remaining, and there were no relevant studies to remove 
from the DGI. 

lt is noteworthy that the significant findings came 
from meta-analyses with eight or more studies and over 
250 participants contributing (TUG, Mini-BEST, BBS). 
Even there, however, the observed mean differences 
were less than their associated minimum detectable 
change (MDC) or minimum clinically important differ­
ence (MCID): TUG (MD= -2.29, MDC = 4.85) 
(Dal Bello-Haas, Klassen, Sheppard, and Metcalfe, 
2011 ); Mini-BEST (MD= 2.72, MCID = 4.0) (Godi 
et al., 2020); BBS (MD= 4.31, MDC = 5) (Steffen and 
Seney, 2008). 

Additional findings 

Given the small number of studies included in each 
meta-analysis (average of 4.4 per meta-analysis) and 
the relatively small number of included participants 
(average of 177 per meta-analysis), no GRADE 
(Grading of Recommendations, Assessment, 
Development, and Evaluations) ratings were conducted 
(GRADE Working Group, 2022). The resulting ratings 
would be expected tobe very low given the small num­
ber of contributing studies and included participants, 
the small effect sizes, and the high levels of 
heterogeneity. 

Discussion 

Findings from this review add new insights relative to 
past systematic reviews. This review may be the first to 
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Group Exercise Individual Exercise 
Study Mean so Total Mean so Total 

Timed Up &Go 
Atterbury 2017 19.14 3.29 24 22.89 10.58 16 
Cherup 2021 7.3 2.2 15 8.7 3.3 18 
Ebersach 2012 -0.1 1.9 39 0.44 1.21 19 
King 2015 -0.16 1.05 20 -0.48 2.24 38 
Li 2022 10.45 3.18 32 9.31 17 
Ni2016 -2.3 3.22 13 -1.3 2 14 
Rios Romenets 2015 -1 .3 1.6 18 0.1 2.2 15 

Total (95% Cl) 161 137 

Heterogeneity: Tau' = 0.56; Chi' = 13.82, df = 6 (P = 0.03); I' = 57% 
Test for overall effect: Z = 1.00 (P = 0.32) 

MiniBEST 
King 2015 0.06 2.97 20 1.82 2.74 38 
Ni2016 4 1.66 13 3.4 2 14 
Rios Romenets 2015 0.7 2.2 18 -2.7 5.9 15 

Total (95% Cl) 51 67 

Heterogeneity: Tau' = 3.51; Chi' = 10.02, df = 2 (P = 0.007); I' = 80% 
Test for overall effect: Z = 0.35 (P = 0.73) 

Berg Balance Scale 
Harro 2014a 53.1 2.9 10 52.5 3.8 
Li 2022 51.7 4.27 16 52.5 3.28 
Ni2016 4.2 3.22 13 4.4 2.96 
Zhu 2020 1.95 1.54 18 1.29 1.27 

Total (95% Cl) 57 

Heterogeneity: Tau'= 0.00; Chi' = 1 .40, df = 3 (P = 0.71 ); I' = 0% 
Test for overall effect: Z = 1.11 (P = 0.27) 

ABC 
Atterbury 2017 82.7 23.58 24 73.7 23.58 
Harro 2014a 92.3 5 10 91.7 8.4 
King 2015 4.62 7.07 20 2.27 8.8 

Total (95% Cl) 54 

Heterogeneity: Tau' = 0.00; Chi'= 1.07, df = 2 (P = 0.59); I' = 0% 
Test for overall effect: Z = 1.26 (P = 0.21 ) 

Dual Task Timed Up & Go 
King 2015 -0.4 3.72 20 0.88 4 
Rios Romenets 2015 -1 .3 3.46 18 0.1 4.54 

Total (95% Cl) 38 

Heterogeneity: Tau'= 0.00; Chi' = 0.00, df = 1 (P = 0.95); I' = 0% 
Test for overall effect: Z = 1.56 (P = 0.12) 

Functional Gait Assesment 
Atterbury 2017 23.3 4.62 
Harro 2014b 25.5 3.3 

Total (95% Cl) 

24 23.5 
10 24.8 

34 

4.7 
3.2 

Heterogeneity: Tau' = 0.00; Chi' = 0.18, df = 1 (P = 0.67); 12 = 0% 
Test for overall effect: Z = 0.25 (P = 0.80) 

10 
17 
14 
21 

62 

16 
10 
38 

64 

38 
15 

53 

16 
10 

26 

PHYSIOTHERAPY THEORY AND PRACTICE @ 11 

Mean Difference Mean Difference 
Weight IV, Random, 95% Cl IV, Random, 95% Cl 

2.0% -3.75 [-9.10, 1.60] 
10.9% -1 .40 [-3.29, 0.49] 
22.2% -0.54 [-1 .35, 0.27] 
21.7% 0.32 [-0.53, 1.17] 
17.4% 1.14 [-0.06, 2.34] 
9.9% -1.00 [-3.04, 1.04] 

15.8% -1.40 [-2.74, -0.06] 

100.0% -0.40 [-1 .19, 0.39) 

-10 -5 0 5 10 
Favours Group Ex. Favours Individual Ex. 

36.8% -1.76 [-3.33, -0.19) 

r 38.1% 0.60 [-0.78, 1.98] 
25.0% 3.40 [0.25, 6.55] 

100.0% 0.43 [-1.99, 2.86) 
1 1 1 1 
-20 -10 0 10 20 

Favours Individual Ex. Favours Group Ex. 

6.7% 0.60 [-2.36, 3.56] 

r 
8.7% -0.80 [-3.41, 1.81] 

10.8% -0.20 [-2.54, 2.14] 
73.8% 0.66 [-0.24, 1.56] 

100.0% 0.44 [-0.33, 1.21) 
1 1 1 1 
-10 -5 0 5 10 

Favours Individual Ex. Favours Group Ex. 

5.0% 9.00 [-5.92, 23.92] 

f 30.6% 0.60 [-5.46, 6.66] 
64.4% 2.35 [-1.82, 6.52] 

100.0% 2.15 [-1.20, 5.50) 
1 1 1 1 

-20 -10 0 10 20 
Favours Individual Ex. Favours Group Ex. 

64.7% -1.28 [-3.35, 0.79] ;J 35.3% -1.40 [-4.20, 1.40] 

100.0% -1 .32 [-2.99, 0.34) 
1 1 1 1 
-10 -5 0 5 10 

Favours Group Ex. Favours Individual Ex. 

48.2% -0.20 [-3.15, 2.75] 

f 51.8% 0.70 [-2.15, 3.55] 

100.0% 0.27 [-1.78, 2.32) 
1 1 1 
-10 -5 0 5 10 

Favours Individual Ex. Favours Group Ex. 

Figure 3. Forest plot of the effect sizes and 95% Cl's for Group exercise versus Individual exercise. SO= Standard deviation; 
IV = Independent variable; 95% Cl = Confidence interval; df = Degrees of freedom; p = probability. 

directly compare the effectiveness of programs adminis­
tered in groups versus individually, and the results sug­
gest that both forms of exercise are similarly effective. 
Individual exercise may allow for more tailored exer­
cises and feedback, closer supervision, and individua­
lized progression. In contrast, group exercise may 
provide social benefits (Crizzle and Newhouse, 2012; 
Rossi et al., 2018), opportunities for sharing knowledge 
between PwP (Leavy et al., 2017; Rossi et al., 2018), 
challenges related to coordinating movements with 
others (Bläsing et al_, 2012; Kunkel et al., 2018), and 

group programs may be more cost-effective (Merali, 
Cameron, Barclay, and Salbach, 2016; Yang et al., 2022). 

In this systematic review, we analyzed particular clin­
ical outcome measures separately. In so doing, we show 
that similar results pertain to two multi-item rating 
scales (MiniBEST and BBS) and to one measure of 
dynamic balance during a mobility task (TUG). These 
results are interesting to compare with a systematic 
review by Allen et al.; it examined how exercise focused 
on improving balance compared to no treatment or 
a placebo condition, though they did not distinguish 
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Group Exercise Control 
Study Mean SD Total Mean SD Total Weight 

Timed U11 & Go 

Chen 2023 -1.44 1.04 15 0.07 2.11 14 9.4% 
Cugusi 2015 8.1 1.9 10 10.1 2.3 10 8.5% 
Hackney 2008 -1 0.1 13 -0.1 1.1 13 10.1% 
Hashimoto 2015 9.38 1.99 32 10.2 2.4 14 9.1% 
Kunkel 2017 14.4 5.4 31 12.5 4.3 15 6.7% 
Leal 2019 14.6 3.7 27 18.7 4.3 27 8.0% 
Li 2022 10.45 3.18 32 10.3 1 17 9.5% 
Sage 2009 7.38 2.33 31 8.2 2.1 15 9.3% 
Solla 2019 5.08 0.78 10 6.95 1.19 9 9.8% 
Tollar 2018 9.9 2.7 35 18.2 4 20 8.3% 
Tollar 2019b 10.8 2.41 13 17.6 2.19 15 8.7% 
Wan 2021 9.3 6.85 20 12.7 13.34 19 2.7% 

Total (95% Cl) 269 188 100.0% 

Heterogeneity: Tau'= 4.05; Chi'= 107.31 , df = 11 (P < 0.00001 ); I' = 90% 
Test for overall effect: Z = 3.54 (P = 0.0004) 

MiniBEST 

Conradsson 2015 3 2.45 47 0.9 2.88 44 38.8% 
Duncan 2012 21.7 5.11 26 17.23 5.77 26 7.6% 
Duncan 2014 23.2 2.77 5 16.2 8.07 5 1.3% 
Mulligan 2018 1.2 8.65 21 0.1 8.9 20 2.4% 
Sparrow 2016 25 2.3 7 20.2 3.7 9 7.6% 
Tollar 2019a 4.15 7.75 50 -0.3 8.22 24 4.4% 
Van Puymbroeck 2018 5.4 3.48 15 4 3.22 12 10.1% 
Wallen 2018 22.1 2.9 47 19.4 3.8 44 27.7% 

Total (95% Cl) 218 184 100.0% 

Heterogeneity: Tau'= 0.16; Chi' = 7.80, df = 7 (P = 0.35); I' = 10% 
Test for overall effect: Z = 6.32 (P < 0.00001) 

Berg Balance Scale 

Cugusi 2015 50.8 5.02 10 42.2 7.8 10 9.8% 
Hackney 2008 3.3 3 13 -0.5 2.1 13 14.4% 
Hashimoto 2015 52.23 4.42 32 51.6 4.5 14 13.5% 
Kunkel 2017 49.9 6.6 31 50 7.6 15 11.4% 
Li 2022 51.7 4.27 16 53.1 1.54 17 14.2% 
Silva 2019 49.62 4.01 14 42.91 6.35 11 11.6% 
Salla 2019 46.9 3.6 10 36.6 6 10 11.6% 
Tollar 2019a 6.5 4.93 50 -1 .4 5.91 24 13.6% 

Total (95% Cl) 176 114 100.0% 

Heterogeneity: Tau' = 15.05; Chi'= 49.77, df = 7 (P < 0.00001); I' = 86% 
Test for overall effect: Z = 2.84 (P = 0.005) 

D~namic Gait Index 

Silva 2019 21.54 3.47 14 17 3.47 11 47.0% 
Tollar 2019a 16.3 2.53 25 16.4 3.1 24 53.0% 

Total (95% Cl) 39 35 100.0% 

Heterogeneity: Tau'= 9.46; Chi'= 8.25, df = 1 (P = 0.004); I' = 88% 
Test for overall effect: Z = 0.90 (P = 0.37) 

Tinetti 

Leal 2019 

Tollar 2019a 

25.48 2.97 
-5 13.79 

27 20. 78 3.27 
25 -0.2 1.59 

27 53.9% 
24 46.1% 

Total (95% Cl) 52 51 100.0% 

Heterogeneity: Tau'= 40.91; Chi' = 10.70, df = 1 (P = 0.001); I' = 91% 
Test for overall effect: Z = 0.07 (P = 0.95) 

Single Leg Stance 

Hackney 2008 
Wan 2021 

Total (95% Cl) 

-0.2 13.1 
5.22 5.02 

13 -0.6 20.2 
20 2.97 2.9 

33 

13 3.6% 
20 96.4% 

33 100.0% 

Heterogeneity: Tau' = 0.00; Chi'= 0.07, df = 1 (P = 0.79); I' = 0% 
Test for overall effect: Z = 1.72 (P = 0.09) 

Falls Efficacv Scale 
Conradsson 2015 
Sparrow 2016 

Total (95% Cl) 

27.3 8.23 
24.1 7.1 

47 26.5 7.96 
7 27.1 5.3 

54 

44 75.8% 
9 24.2% 

53 100.0% 

Heterogeneity: Tau'= 0.62; Chi'= 1.09, df = 1 (P = 0.30); I' = 9% 
Test for overall effect: Z = 0.07 (P = 0.94) 

Mean Difference 

IV. Random, 95% Cl 

Mean Difference 

IV. Random, 95% Cl 

-1.51 [-2.73, -0.29] 
-2.00 [-3.85, -0.15] 
-0.90 [-1.50, -0.30] 
-0.82 [-2.25, 0.61] 
1.90 [-0.99, 4.79] 

-4.10 [-6.24, -1.96] 
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whether the exercise was delivered in individual versus 
group format (Allen, Sherrington, Paul, and Canning, 
2011). Allen and colleagues found a signifi.cant effect of 
exercise when all available balance measures were com­
bined into one meta-analysis, but nonsignificant effects 
for meta-analyses focused on the individual outcome 
measures - TUG, BBS, Functional Reach, SLS time, 
and Sit to Stand time - each of which had considerably 
less statistical power than the overall analysis. In our 
systematic review, the statistical power of the meta­
analysis related to significant findings; group exercise 
was found to be more effective than CTL when at least 
five studies and 250 participants contributed to the 
meta-analysis (MiniBEST, BBS, TUG), but not for 
those measures with fewer studies and fewer partici­
pants contributing (Tinetti, DGI, SLS and FES). 

Whether certain approaches to balance training are 
best measured by particular clinical measures remains 
an open question. Presumably, multi-item measures of 
balance like the MiniBEST, BBS and Tinetti provide 
a more comprehensive assessment of balance abilities 
than do balance tests focused on mobility skills (TUG, 
Dual TUG, FGA, DGI) or static stability (Balance Error 
Scoring System test, Sensory Organization Test, SLS). 
Measures of self-efficacy (FES) or balance confidence 
(ABC) provide yet another perspective that may be 
more predictive of the extent of balance limitations in 
everyday environments. Our results do not suggest that 
one measure is more sensitive to the effects of group 
exercise than another, but rather that sufficient statisti­
cal power is needed to see the effects of group exercise. 
That said, clinicians are encouraged to use the 
MiniBEST, BBS and TUG if those measures capture 
the features of balance relevant to a client's goals, as 
they clearly were sensitive to the effects of group exer­
cise and are included within the evidence­
basedRehabilitation Measures Database (Shirley Ryan 
AbilityLab, 2024). 

This systematic review provides a new perspective on 
how exercise format affects balance outcomes, but many 
questions remain. Only two of the studies comparing 
group and individual exercise administered the same 
exercise program in both the group and individual set­
tings (Atterbury and Welman, 2017; King et al., 2015). 
The other five studies (6 reports) that compared group 
to individual exercise employed different modes of exer­
cise for the two conditions allowing for additional fac­
tors to influence results (Cherup et al., 2021; Ebersbach 
et al., 2010; Harro et al., 2014, 2014b; Ni et al., 2016; Rios 
Romenets et al., 2015; Zhu et al., 2020). Interestingly, the 
two studies that isolated the issue of delivery format 
showed divergent results. King et al. provided the ABC 
program and found better Mini-BEST performance 
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with individual exercise. In contrast, Atterbury et al. 
provided a therapist-supervised intervention in two for­
mats and found no difference between the two condi­
tions for TUG. Investigating how delivery format, 
exercise content, and choice of outcome measure, affect 
measured balance performance may help to clarify how 
exercise prescriptions should be tailored to individual 
dient needs. 

We also performed post-hoc subgroup analyses to 
determine whether interventions that were explicitly 
described as group exercise (balance exercise, resistance 
training, treadmill training, or a mix of these) yielded 
different results from studies that provided other types 
of group physical activity (yoga, tai chi, qigong, dance or 
archery). These subgroup analyses were performed for 
the two meta-analyses that had unexplained high het­
erogeneity and where sufficient studies were available 
(comparison between group exercise versus CTL for 
TUG and BBS). For the TUG, both subgroups showed 
significant benefits of group exercise, and hence did not 
explain the heterogeneity. For the BBS, there was 
a significant benefit favoring the exercise subgroup ver­
sus CTL whereas the other physical activity subgroup 
did not differ significantly from CTL. Hence, the type of 
exercise/physical activity provided may have influenced 
the results. 

Other evidence on this issue is also mixed. A network 
meta-analysis by Yang et al. found that while over 15 
different modes of exercise were effective at improving 
balance, eight modes were more effective than a dozen 
others, but they did not identify an overarching factor to 
distinguish them (Yang et al., 2022). A more limited 
systematic review did show that exercise interventions, 
which specifically included a balance component, 
improved balance more than exercise programs not 
referring to a balance component (Klamroth, Steib, 
Devan, and Pfeifer, 2016). Only three of the studies 
included in this systematic review provided group exer­
cise without an explicit balance component (Cugusi 
et al., 2015; Harro et al., 2014; Leal et al., 2019); however, 
they did not appear to account for the observed 
heterogeneity. 

One difficulty in assessing this issue derives from the 
complexity of identifying which forms of physical activ­
ity challenge balance. Many types of activities, including 
dance, yoga, tai chi and sports specific activities, would 
seem to challenge various aspects of balance but the 
extent of that challenge is hard to estimate without 
more fine-grained analysis of the actual activity per­
formed. Moreover, the extent of balance challenge may 
differ from one individual to the next depending on 
their personal capabilities and limitations. Future 
researchers are urged to consider adding self-ratings of 
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balance to assist in determining the extent of balance 
challenge provided by a given physical activity program. 

One strength of this systematic review was that our 
inclusion criteria eliminated studies where the interven­
tion allowed for a combination of individual and group 
exercise, or where we were unable to verify whether they 
physical activity program was administered to a group 
or individually. Hence, the comparison obtained clearly 
distinguished mode of exercise delivery. Likewise, we 
imposed few restrictions on the nature of the physical 
activity intervention, allowing the results to capture 
a wide array of available programs. 

Our review found that group and individual 
approaches were similarly effective at improving bal­
ance and may have benefits relative to no exercise. 
This was true across a large range of activity types, and 
when tested with common clinical outcome measures. 
Hence, clinicians and clients should be encouraged to 
make use of both formats. This approach may also 
increase the range and accessibility of available services, 
provide services that best fit a client's preferences, and 
potentially aid in long-term adherence. 

Limitations 

This systematic review has several limitations. The 
search strategy used here and delineated in our 
Prospero protocol was limited to published reports of 
randomized controlled trials; as such the search may 
have missed studies that were not published or not 
indexed in MEDLINE, EMBASE, CINAHL or 
Cochrane CENTRAL. Next, many of the included stu­
dies were relatively small (average n = 34), and many of 
the meta-analyses included three or fewer studies, and 
fewer than 150 participants in total. As a result, there 
was limited statistical power within most of the meta­
analyses. These concerns point to the need for more 
large, high-quality studies to verify the overall findings. 
On a related issue, many of the meta-analyses yielded 
high levels of heterogeneity, especially for the analyses 
comparing group exercise to CTL. How this heteroge­
neity relates to variation in the intervention protocols be 
type of exercise, frequency and duration of program, 
extent of balance challenge and progression occurring 
over the course of the program, or training of the exer­
cise leader, remains a fruitful area for research. 

Conclusion 

This systematic review provides a new perspective on 
how group versus individual delivery of exercise/phy­
sical activity affects balance outcomes among indivi­
duals with Parkinson's disease. Results suggest that 

group exercise programs provide similar results as 
exercise programs administered individually and may 
generate better results than no treatment. Sufficient 
evidence was derived primarily from studies using the 
well-validated clinical tools of TUG, MiniBEST or 
BBS. Given this new knowledge and the plethora of 
evidence showing the benefits of exercise for combat­
ting PD, people with Parkinson's disease are encour­
aged to participate regularly in a group or individual 
exercise program of their choice when seeking to 
improve balance. 
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Appendix A 

MEDLINE and EMBASE search strategy 

((("Parkinson Disease"[Mesh] OR "Parkinson's disease" OR Parkinson's OR Parkinsonism) 
AND ("Physical Fitness"[Mesh] OR "Exercise"[Mesh] OR "Circuit-Based Exercise"[Mesh] OR 
"Exercise Movement Techniques"[Mesh] OR "Exercise Therapy"[Mesh] OR "Resistance 
Training"[Mesh] OR "Muscle Stretching Exercises"[Mesh] OR "High-Intensity Interval 
Training"[Mesh] OR Tai-Chi OR Qi-gong OR yoga OR boxing OR dancing OR tango OR 
"Nordic walking" OR "aquatic exercise" OR "water exercise" OR aerobics OR "exercise 
program"OR "exercise intervention")) 
AND ("Postural Balance"[Mesh] OR Posture OR balance OR "postural stability" OR "postural 
control"OR "body equilibrium" OR "postural sway" OR "posture physiology" OR "posturalinstability")AND ("community 
exercise" OR "community-based exercise" OR "exercise classes" OR exerciseclass* OR "group exercise" OR exercise 
group* OR "community-based fitness" OR "communityfitness" OR "group fitness" OR fitness dass*)) 
Filter by Article type: Clinical trial OR Randomized controlled trial 
Filter by Article language: English 

CINAHL/EBSCO host search strategy 

(parkinson disease or parkinson and disease or parkinson disease or parkinson's disease) 
AND (exercise or physical activity or fitness) 
AND ((postural balance or postural equilibrium)) 
Expanders - Apply related words; Apply equivalent subjects 
Narrow by Language: English 
Narrow: Exclude MEDLINE records 

Cochrane CENTRAL search strategy 

parkinson's disease [MeSH] AND exercise [MeSH] 
Limit: Trials only 
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