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Objective: To assess which type of physical exer-
cise intervention has the most beneficial effects 
on balance, postural stability and general mobility 
in patients with Parkinson’s disease. These para-
meters were assessed using the Activities-specific 
Balance Confidence (ABC) scale, Berg Balance Scale 
(BBS), Mini-Balance Evaluation Systems Test (Mini-
BESTest) and Timed Up and Go Test (TUG).
Design: Network meta-analysis.
Methods: The PubMed, Cochrane Central Register 
of Controlled Trials, and Web of Science databa-
ses were searched up to August 2022 to identify 
randomized controlled trials on the effects of phy-
sical exercise interventions on balance, postural 
stability, and general mobility. The network meta-
analysis included pairwise and indirect compari-
sons of results on the ABC scale, BBS, MiniBESTest, 
and TUG across 8 categories of physical exercise. 
Results: Eighty-six studies with a total of 4,693 
patients were included. For the ABC scale, the indi-
rect comparison showed that the highest effect size 
was observed for balance vs sensorimotor training 
without including endurance interventions (0.62; 
95% confidence interval (95% CI) 0.06, 1.17). The 
highest effect sizes for BBS were observed for alter-
native exercises (1.21; 95% CI 0.62, 1.81), body-
weight supported (BWS) interventions (1.31; 95% 
CI 0.57, 2.05), dance (1.18; 95% CI 0.33, 2.03) 
and sensorimotor training, including endurance 
interventions (1.10; 95% CI 0.46, 1.75) vs control 
groups. Indirect comparisons showed that the hig-
hest effect size for the MiniBESTest were observed 
for balance (0.75; 95% CI 0.46, 1.04) and resistance 
(0.58; 95% CI 0.10, 1.07) vs control groups. For the 
TUG, comparisons showed a significant effect size for 
alternative exercises (–0.54; 95% CI –0.82, –0.26), 
balance (–0.42; 95% CI –0.75, –0.08), resistance 
(–0.60; 95% CI –0.89, –0.31), and sensorimotor 
training including endurance interventions (–0.61; 
95% CI –0.95, –0.27) vs control comparisons.
Conclusion: Balance interventions improve balance, 
postural stability, and general mobility in people 
with Parkinson’s disease. Moreover, alternative 
exercises, dance, BWS interventions, resistance, 
and sensorimotor training, including and not inclu-
ding endurance interventions, are also effective.
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Parkinson’s disease (PD) is a complex and progres-
sive neurodegenerative disorder that affects the 

patient’s physical, psychological, and social functions. 
PD is characterized by rest tremor, muscular rigidity, 
bradykinesia, and postural control impairment (1). 
These symptoms could affect patients’ balance, pos-
ture, and postural stability.

Balance is defined as the ability to control body mass 
by integrating the sensory, musculoskeletal, and central 
nervous systems in response to changes in internal and 
external environmental conditions (2, 3). Posture is de-
fined as the orientation of the different body segments 
in relation to gravitational forces providing mechanical 
support to perform movements or hold stance. Postural 
stability is defined as balance, which compromises 

LAY ABSTRACT
This network meta-analysis aimed to assess which 
type of physical exercise intervention has the most 
beneficial effects on balance, postural stability and 
general mobility in patients with Parkinson’s disease. 
These parameters were assessed using the Activities-
specific Balance Confidence (ABC) scale, Berg Balance 
Scale (BBS), Mini-Balance Evaluation Systems Test 
(MiniBESTest) and Timed Up and Go Test (TUG). The 
comparisons of results across 8 categories of physical 
exercise showed that balance exercises improve ba-
lance, postural stability, and general mobility in people 
with Parkinson’s disease. Moreover, alternative exerci-
ses, dance, body weight supported interventions, re-
sistance training, and sensorimotor training including 
and not including endurance interventions, are also 
effective.
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the ability to maintain or change posture (4). Postural 
stability is one of the most difficult challenges for 
patients with PD, and a reduction in postural stability 
contributes to increased disability, increased risk of 
falls, and reduced quality of life (5). Both balance and 
postural stability are involved in the performance of 
activities of daily living and are fundamental aspects 
of the general mobility of people with PD (3, 6).

Pharmacological and surgical interventions have 
been shown to be useful in reducing the clinical 
severity of tremor and muscular rigidity symptoms. 
However, postural stability has not been shown to 
improve to the same degree as the other cardinal motor 
symptoms (7–9). Thus, non-pharmacological and non-
surgical interventions are needed to promote usual care 
programmes for postural and balance impairments. 
In this regard, physical exercise interventions have 
been demonstrated to improve physical condition and 
functional ability in patients with PD (10).

Physical exercise programmes improve physical 
performance and the execution of activities of daily 
living for which balance, postural stability and gene-
ral mobility are essential (11, 12). In particular, some 
physical exercise-based physiotherapy interventions 
have demonstrated effectiveness in improving balance 
and postural stability in patients with PD, although the 
specific effect of each type of physical exercise has not 
been reported (13–16).

Recent systematic reviews and meta-analyses have 
studied the effects of some types of physical exercise 
on PD and other neurological diseases, but have not 
reported separate and comparative effects among the 
different types of physical exercise (17, 18). In addi-
tion, a recently published Cochrane review compared 
the effectiveness of the different categories of physical 
exercise for the severity of motor signs, quality of 
life, occurrence of adverse events, gait freezing, and 
functional mobility and balance measured with the 
Timed Up and Go Test (TUG); however, the review 
did not evaluate balance and postural stability (19). 
In a previous paper, the effects of different types of 
physical exercise on quality of life were compared, and 
differences were observed between the exercise cate-
gories; therefore, it is expected that these differences 
will be observed in other parameters, such as balance, 
postural stability, and general mobility (20).

Thus, the aim of this network meta-analysis was to 
assess which type of physical exercise intervention has 
the most beneficial effects on balance, postural stabi-
lity, and general mobility in patients with PD. These 
parameters were assessed using the Activities-specific 
Balance Confidence (ABC) scale, Berg Balance Scale 
(BBS), MiniBalance Evaluation Systems Test (Mini-
BESTest) and TUG.

METHODS
This systematic review and network meta-analysis was con-
ducted in accordance with the Preferred Reporting Items for 
Systematic Review incorporating Network Meta-Analysis 
(PRISMA-NMA) and the Cochrane Collaboration Handbook 
(21, 22), and it was previously registered in the PROSPERO 
database (CRD42022351062).

Data sources and searches

The PubMed, Cochrane Central Register of Controlled Trials, 
and Web of Science databases were searched from inception to 
August 2022. Moreover, references from previous systematic 
reviews, meta-analyses, and suitable articles were reviewed to 
identify additional relevant studies.

The search strategy combined the following terms: 
“Parkinson's disease”, “Parkinson”, “physical exercise”, exer-
cise, fitness, aerobic, resistance, endurance, strength, balance, 
stability, posture, and equilibrium. The full strategy search for 
MEDLINE is shown in Table SI.

Eligibility criteria

The search aimed to identify studies reporting on the effect of 
physical exercise interventions on balance, postural stability, 
and general mobility in persons with PD. The inclusion crite-
ria were as follows: (i) type of study: randomized controlled 
trials (RCTs); (ii) type of participants: adults with PD; (iii) 
type of intervention: structured physical exercise interventions 
compared with other physical exercise interventions or control 
interventions; and (iv) type of outcome: the ABC scale, BBS, 
and MiniBESTest were used to evaluate balance and postural 
stability, and the TUG was used to evaluate balance and general 
mobility.

For this network meta-analysis, the following scales were 
considered, as they have been the most widely used tools for 
the assessment of balance, postural stability, and general mo-
bility among patients with PD. (i) The ABC scale is a 16-item 
point questionnaire in which patients rate their level of self-
confidence in balance and postural stability while performing 
activities on a scale from 0 to 100. (ii) The BBS is a 14-item 
objective scale used to determine a patient’s ability to balance 
and maintain postural stability safely while performing a series 
of predetermined tasks. (iii) The BESTest is a 36-item test, and 
its short version, the MiniBESTest, includes 16 items to assess 
biomechanical constraints, stability limits, anticipatory postural 
adjustments, postural response, sensory orientation, and stability 
during gait. (iv) The TUG measures the time needed to rise from 
a chair, walk to a mark 3 m away, turn around and sit back on 
the chair; this test is used to assess general mobility, balance, 
risk of falls and locomotor performance (23–26).

Studies were excluded if they: (i) included healthy people 
within the intervention or control groups, (ii) did not report 
enough data to conduct a statistical analysis, (iii) included 
groups undergoing similar interventions that cannot be cate-
gorized into different physical exercise categories, (iv) had a 
crossover design and did not report results at the end of the 
first intervention period, or (v) were not published in English 
or Spanish.

Data extraction

The following data were extracted from the included studies 
and are summarized in Table I: (i) reference, (ii) country, (iii) 
characteristics of the subjects (i.e. sample size, number of fema-
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les, mean age, time since diagnosis of PD, and basal Hoehn and 
Yahr stage (H&Y)), (iv) physical exercise intervention characte-
ristics (i.e. description of training regime, duration, frequency, 
and time), (v) physical exercise intervention categorization, 
and (vi) scale used to measure balance, postural stability and 
general mobility.

Risk of bias assessment

The risk of bias of the included RCTs was assessed using the 
Cochrane Collaboration Risk of Bias tool (RoB2) (27). This tool 
evaluates the risk of bias according to 6 domains: randomiza-
tion process, deviations from intended interventions, missing 
outcome data, measurement of the outcome, selection of the 
reported result, and overall bias. Each of the domains could 
be scored as “low risk of bias”, “some concerns”, or “high 
risk of bias”.

Grading the quality of evidence

The Grading of Recommendations, Assessment, Development, 
and Evaluation (GRADE) tool was used to assess the quality of 
evidence (28). In the GRADE tool, quality of evidence could be 
rated as high, moderate, low, or very low across the following 
domains: study design, risk of bias, inconsistency, indirectness, 
imprecision, and publication bias.

Two researchers (PL-G and CA-B) independently performed 
the literature search, data extraction, risk of bias assessment, and 
grading of evidence. In cases of disagreement, a third researcher 
(IC-R) was consulted to reach a consensus.

Categorization of the interventions

Physical exercise interventions were classified into 8 categories: 
sensorimotor training including endurance, sensorimotor train-
ing not including endurance, resistance, endurance, dance, alter-
native exercises, body weight supported (BWS), and balance.  
(i) Sensorimotor interventions were defined as physical exer-
cise interventions that improve postural stability and progres-
sively challenge the sensorimotor system, combining aerobic, 
postural and stretching exercises, relaxation, and gait and 
balance training. Depending on whether endurance exercise 
was included in the sensorimotor training programme, it was 
classified as sensorimotor training, including endurance, or 
sensorimotor training not including endurance. (ii) Resistance 
training aims to increase muscular strength and power. (iii) 
Endurance interventions include physical exercise program-
mes aimed at increasing energy expenditure, such as walking, 
running, cycling, or interval exercise. (iv) The dance category 
includes interventions with balance and muscular coordination 
tasks that are associated with music. (v) Alternative exercises 
include balance-based exercises focused on breathing, postural 
control, stretching, and meditation (e.g. tai chi, yoga, qi-gong, 
and ai-chi). (vi) BWS interventions include physical exercise 
programmes with reduced pressure forces through robotic or 
mechanical assistance. (vii) Balance exercises are aimed at 
improving postural reactions and adjustments, proprioception, 
sensory integration, motor agility, and stability limits (29, 30).

Data synthesis and analysis

The included studies were summarized in an ad hoc table des-
cribing the types of direct and indirect comparisons. A similarity 
analysis was performed to assess differences in the possible 
confounding variables relative to the clinical and demographic 
characteristics of the samples among the participants included 

in the different types of intervention and the control groups 
(i.e. sex, age, disease duration, and severity) (31). In addition, 
consistency was assessed by checking whether the interven-
tion effects estimated from direct comparisons were consistent 
with those estimated by indirect comparisons, using the node-
splitting method (32).

First, a frequentist random effects multivariate network 
meta-analysis was used to synthesize the evidence for physical 
exercise interventions (31). A network geometry graph was used 
to summarize the available evidence, where each node repre-
sents a type of intervention, the size of the nodes proportionally 
represents the number of participants in the trials, and the width 
of the lines connecting the nodes is proportional to the number 
of trials that directly compared the 2 interventions (33). Ran-
kograms were used to graphically represent the probability of 
each physical exercise intervention being the most effective.(33) 
Moreover, the surface under the cumulative ranking (SUCRA) 
was estimated for each intervention. SUCRA was assigned a 
value between 0 and 1, and the most effective intervention was 
the one that was closest to the value of 1 (34).

Secondly, a standard meta-analysis was performed on stan-
dardized mean differences for each direct comparison between 
2 physical exercise interventions, using the DerSimonian‒Laird 
random effects method (35). The corresponding pooled effect 
size (ES) and confidence intervals (95% CI) for each outcome 
were reported. In the analyses of the ABC scale, BBS, and BE-
STest, or MiniBESTest, a higher score indicates better balance 
and postural stability, but in the analyses of the TUG, a higher 
score (higher time of execution) indicates worse balance and 
general mobility (36–39). Furthermore, the heterogeneity of the 
results was examined using the I2 statistic, their corresponding 
p-values, and the 95% CIs. I2 values up to 30% were considered 
to indicate “non-important” heterogeneity; values form 30% to 
60% represented “moderate” heterogeneity; values from 60% to 
90% represented “substantial” heterogeneity; and values from 
90% to 100% represented “considerable” heterogeneity. The 
τ2 statistic was calculated to determine the size and clinical 
relevance of heterogeneity and interpreted as low when τ2 was 
lower than 0.04, moderate when τ2 was from 0.04 to 0.14 and 
substantial when τ2 was higher than 0.14 (40). To detect whether 
a particular trial represented an important proportion of the he-
terogeneity, a sensitivity analysis was conducted by excluding 
studies one at a time from the pooled estimates. Furthermore, 
publication bias was assessed using Egger’s test and visually 
examined using a funnel plot (41). All statistical analyses were 
performed in Stata 16.0 (StataCorp, College Station, TX, USA).

RESULTS

From the 4,474 studies identified in the systematic 
search, 86 RCTs were ultimately included in this 
network meta-analysis (Fig. S1 and Appendix S1). A 
total of 4,693 patients with PD were included in the 
trials; 3,206 in 133 intervention groups and 1487 in 
60 control groups. Overall, 41.19% of the participants 
were women, and the mean age of all patients was 
67.06 years.

The physical exercise frequency ranged from 2 to 5 
times per week, the intervention duration ranges from 
1 to 4 months, and the duration of each exercise session 
ranged from 30 to 120 min. The most common physical 
exercise intervention category was balance (n = 23), 

J Rehabil Med 56, 2024
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followed by sensorimotor training not including 
endurance (n = 21), sensorimotor training including 
endurance (n = 20), and resistance, alternative, and en-
durance with 19 interventions each. In addition, dance 
(n = 6) and BWS interventions (n = 8) were included.

The most relevant characteristics of the RCTs includ
ed in this network meta-analysis are shown in Table I.

Similarity and consistency analysis
There were no differences in the baseline values of 
potential confounding variables among the different 
types of physical exercise interventions and the control 
groups (i.e. sex, age, disease duration, and severity) 
(Table SII). The consistency analyses revealed that 
inconsistences were detected only for 2 of the 24 
triangular loops of the BBS network meta-analysis 
and 2 of the 25 triangular loops of the TUG network 
meta-analysis (Table SIII).

Risk of bias and quality of evidence
According to the RoB2 tool, the overall risk of bias 
was high for 39.5% of the RCTs, while 52.3% had 
some concern of bias and 8.1% had a low risk of bias. 
By individual domains, 66.3%, 31.4% and 2.3% of the 
RCTs had a low risk, some concerns, and high risk of 
bias, respectively, for the randomization process. For 
deviations from intended interventions, 46.5% and 
37.2% of studies had some concerns and a high risk of 
bias, respectively. For missing outcome data, 100% of 
the RCTs had a low risk of bias. For the measurement 
of the outcome, 84.9% and 9.3% of the RCTs had a low 
risk of bias and some concern, respectively. Finally, for 
selection of the reported results, 88.4% of the RCTs 
had some concern of bias (Fig. S2).

As evaluated by the GRADE system, the quality of 
evidence was moderate in 68.25% of the pairwise com-
parison studies, low in 30.16% and very low in 1.59%. 
The complete assessment is detailed in Table SIV.

Activities-specific Balance Confidence scale
Effect of physical exercise modalities on Activities-
specific Balance Confidence scale scores. The network 
geometry graph shows the relative amount of evidence 
available for the effect of physical exercise interven-
tions on ABC scale scores (Fig. S3). Direct compari-
sons from the standard meta-analysis did not show a 
statistically significant ES. The indirect comparison 
showed the highest ES for balance vs sensorimotor 
training not including endurance interventions (0.62; 
95% CI 0.06, 1.17) (Table II and Fig. S4).
Best treatment probabilities. The probabilities of being 
the best treatment were 34.1% for alternative inter-
ventions and 25.5% for BWS interventions. Further-

more, the highest SUCRAs were for balance (76.4%), 
alternative exercise interventions (73.1%) and BWS 
interventions (71.1%) (Fig. S5 and Table SV).
Sensitivity analysis, heterogeneity, and publication 
bias. In the sensitivity analysis, the pooled ES was not 
modified by removing any study (Table SVI). Balance 
vs control direct comparison showed no important 
heterogeneity or clinical heterogeneity (I2 = 29.5; 
τ2 = 0.06) (Table SVII) or publication bias (p = 0.666) 
(Table SVIII and Fig. S6).

Berg Balance Scale
Effect of physical exercise modalities on Berg Balance 
Scale scores. The network geometry graph of physical 
exercise interventions on BBS scores is shown in Fig. 
S7. Indirect comparisons showed positive results for 
alternative exercises (1.21; 95% CI 0.62, 1.81), balance 
(0.85; 95% CI 0.32, 1.38), BWS interventions (1.31; 
95% CI 0.57, 2.05), dance (1.18; 95% CI 0.33, 2.03), 
sensorimotor training including endurance interven-
tions (1.10; 95% CI 0.46, 1.75) and sensorimotor 
training not including endurance interventions (0.64; 
95% CI 0.05, 1.23) vs control groups (Table II and 
Fig. S8). Unlike the indirect effects, the endurance 
(0.67; 95% CI 0.09, 1.25) and resistance (1.78; 95% 
CI 0.83, 2.74) interventions showed positive results vs 
the control in the direct comparisons, but not for the 
BWS interventions and sensorimotor training inclu-
ding endurance. Moreover, the categories of balance, 
BWS, and sensorimotor training including endurance 
showed positive results compared with sensorimotor 
training not including aerobic exercise in the direct 
comparisons, and this was not the case in the indirect 
effects of the network meta-analysis (Table II).
Best treatment probabilities. The probability of being 
the best treatment was 32.8% for BWS interventions 
and 24.0% for dance. Furthermore, BWS interven-
tions showed the highest SUCRA (80.4%), followed 
by alternative exercises (75.0%) and dance (69.8%) 
(Fig. S9 and Table SV).
Sensitivity analysis, heterogeneity, and publication 
bias. In the sensitivity analysis, the pooled ES was mo-
dified by removing the following trials: (i) Gao et al., 
2014 (s23); Lee et al., 2018 (s36); Li et al., 2022 (s39) 
and Ni et al., 2016 (s48) from alternative exercises vs 
control groups, (ii) Cakit et al., 2007 (s8); Cugusi et 
al., 2015 (s18) and Tollar et al., 2019 (s73) from the 
endurance interventions vs control groups (Table SVI).

Two direct comparisons showed moderate hetero-
geneity: alternative vs balance (I2 = 47.8; τ2 = 0.21) and 
alternative vs control (I2 = 55.9; τ2 = 0.11). Moreover, 4 
direct comparisons showed substantial heterogeneity: 
endurance vs BWS interventions (I2 = 80.7; τ2 = 0.75), 
endurance vs control (I2 = 66.4; τ2 = 0.23), sensorimotor 
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Table II. Pooled mean differences of physical activity on outcome scales

ABC 

Control 0.27
(–0.43, 0.96)

0.24
(–0.13, 0.61)

NA NA NA –0.30
(–1.14, 0.54)

–0.21
(–1.09, 0.66)

0.33
 (–0.37, 1.03)

Alternative NA NA NA NA NA NA

0.30
(–0.09, 0.69)

–0.03
(–0.83, 0.77)

Balance 0.00
(–0.48, 0.48)

NA –0.09
(–0.67, 0.05)

NA –0.35 
(–0.89, 0.18)

0.28 
(–0.43, 0.99)

–0.05
(–1.05, 0.94)

–0.02 
(–0.64, 0.60)

BWS NA NA NA –0.45
(–1.16, 0.26)

–0.39
(–1.23, 0.45)

–0.72
(–1.81, 0.37)

–0.69
(–1.53, 0.15)

–0.67
(–1.63, 0.30)

Endurance NA 0.23
(–0.29, 0.75)

0.00
(–0.58, 0.59)

0.13
(–0.78, 1.05)

–0.20 
(–1.35, 0.95)

–0.17
(–0.99, 0.66)

–0.15
(–1.18, 0.89)

0.52
(–0.66, 1.70)

Resistance NA NA

–0.12
(–1.00, 0.75)

–0.45
(–1.57, 0.67)

–0.42
(–1.32, 0.48)

–0.40
(–1.43, 0.63)

0.27
(–0.41, 0.94)

–0.25
(–1.48, 0.97)

SMT + 
endurance

NA

–0.32
(–0.92, 0.29)

–0.65
(–1.57, 0.27)

–0.62
(–1.17, –0.06)

–0.60
(–1.29, 0.10)

0.07
(–0.66, 0.80)

–0.45
(–1.45, 0.54)

–0.20
(–1.06, 0.67)

SMT not 
endurance

BBS

Control 0.48
(0.03, 0.93)

0.41
(0.17, 0.64)

0.52
(–0.11, 1.15)

0.66
(0.26, 1.05)

0.67
(0.09, 1.25)

1.78
(0.83, 2.74)

0.46
(–0.20, 1.11)

0.96
(0.02, 1.90)

1.21
(0.62, 1.81)

Alternative –0.18
(–1.10, 0.73)

NA NA –0.24
(–0.55, 0.08)

0.07
(–0.69, 0.82)

–0.09
(–0.56, 0.38)

–0.53
(–1.16, 0.10)

0.85
(0.32, 1.38)

–0.36
(–1.08, 0.36)

Balance 0.00
(–0.48, 0.48)

NA NA NA NA –0.61
(–1.15, –0.07)

1.31
(0.57, 2.05)

0.10
(–0.77, 0.97)

0.46
(–0.38, 1.30)

BWS NA 0.54
(–0.55, 1.64)

NA –0.34
(–0.96, 0.29)

–0.81
(–1.30, –0.33)

1.18
(0.33, 2.03)

–0.03
(–1.06, 0.99)

0.33
(–0.66, 1.32)

–0.13
(–1.24, 0.97)

Dance NA NA NA –0.37
(–1.08, 0.35)

0.57
(–0.02, 1.17)

–0.64
(–1.38, 0.10)

–0.28 
(–1.03, 0.48)

–0.74
(–1.49, 0.01)

–0.61
(–1.62, 0.41)

Endurance NA 0.17
(–0.35, 0.70)

–0.40
(–1.10, 1.78)

0.80
(–0.57, 2.16)

–0.42
(–1.78, 0.94)

–0.06
(–1.50, 1.38)

–0.52
(–2.04, 1.01)

–0.38
(–1.98, 1.22)

0.22
(–1.24, 1.68)

Resistance NA NA

1.10
(0.46, 1.75)

–0.11
(–0.85, 0.63)

0.25
(–0.54, 1.04)

–0.21
(–1.05, 0.63)

–0.08
(–1.12, 0.97)

0.53
(–0.19, 1.25)

0.31
(–1.16, 1.78)

SMT + 
endurance

–0.81
(–1.30, –0.32)

0.64
(0.05, 1.23)

–0.57
(–1.32, 0.17)

–0.21
(–0.94, 0.51)

–0.67
(–1.45, 0.10)

–0.54
(–1.51, 0.43)

0.06
(–0.62, 0.75)

–0.16
(–1.31, 1.30)

–0.47
(–1.22, 0.28)

SMT not 
endurance

MiniBESTest

Control 1.38
(–1.13, 3.90)

0.58
(0.26, 0.89)

0.52
(–0.17, 1.22)

0.25
(–0.38, 0.89)

0.95
(0.36, 1.53)

0.37
(0.07, 0.66)

0.45
(–0.03, 0.93)

0.55
(–0.19, 1.29)

Alternative NA NA NA –0.34
(–1.10, 0.42)

NA NA

0.75
(0.46, 1.04)

0.20
(–0.59, 0.99)

Balance NA NA –0.42
(–1.05, 0.20)

NA NA

0.67
(–0.44, 1.77)

0.12
(–1.21, 1.45)

0.08
(–1.06, 1.23)

Dance NA NA NA NA

0.22
(–0.30, 0.74)

–0.33
(–1.23, 0.58)

–0.53
(–1.13, 0.07)

–0.45
(–1.67, 0.77)

Endurance NA NA –0.25
(–0.81, 0.31)

0.58
(0.10, 1.07)

0.03
(–0.76, 0.82)

–0.17
(–0.70, 0.36)

–0.09
(–1.29, 1.12)

0.36
(–0.35, 1.07)

Resistance NA NA

0.41
(–0.11, 0.93)

–0.14
(–1.05, 0.77)

–0.34
(–0.94, 0.26)

–0.26
(–1.48, 0.97)

0.19
(–0.55, 0.93)

–0.17
(–0.88, 0.54)

SMT + 
endurance

NA

0.18
(–0.46, 0.82)

–0.37
(–1.35, 0.61)

–0.57
(–1.27, 0.13)

–0.49
(–1.76, 0.79)

–0.04
(–0.72, 0.63)

–0.40
(–1.20, 0.39)

–0.23
(–1.05, 0.59)

SMT not 
endurance

TUG
Control –0.48

(–0.82, –0.13)
–0.34
(–0.53, –0.16)

NA –0.46
(–0.83, –0.09)

–0.03
(–0.26, 0.20)

–0.86
(–1.32, –0.40)

–0.51
(–0.95, –0.06)

–0.18
(–0.49, 0.13)

–0.54
(–0.82, –0.26)

Alternative 0.05
(–0.42, 0.53)

NA NA 0.12
(–0.20, 0.44)

0.15
(–0.17, 0.48)

0.29
(–0.12, 0.71)

–0.60
(–1.24, 0.03)

–0.42
(–0.75, –0.08)

0.12
(–0.28, 0.52)

Balance 0.06
(–0.43, 0.54)

NA NA –0.41
(–1.11, 0.29)

NA NA

–0.42
(–1.01, 0.18)

0.12
(–0.51, 0.75)

0.00
(–0.62, 0.63)

BWS NA –0.12
(–0.47, 0.23)

NA NA 0.32
(–0.39, 1.03)

–0.56
(–1.22, 0.10)

–0.02
(–0.74, 0.69)

–0.14
(–0.88, 0.60)

–0.14
(–1.04, 0.75)

Dance NA NA NA NA

–0.31
(–0.64, 0.01)

0.23
(–0.15, 0.60)

0.11
(–0.34, 0.55)

0.10
(–0.48, 0.68)

0.25
(–0.49, 0.98)

Endurance NA –0.23
(–0.82, 0.36)

–0.16
(–0.54, 0.23)

–0.60
(–0.89, –0.31)

–0.06
(–0.41, 0.28)

–0.18
(–0.60, 0.24)

–0.19
(–0.83, 0.46)

–0.04
(–0.76, 0.68)

–0.29
(–0.70, 0.12)

Resistance 0.48
(–0.37, 1.33)

–0.08
(–0.39, 0.22)

–0.61
(–0.95, –0.27)

–0.07
(–0.46, 0.31)

–0.19
(–0.66, 0.27)

–0.20
(–0.86, 0.47)

–0.05
(–0.80, 0.69)

–0.30
(–0.73, 0.13)

–0.01
(–0.43, 0.41)

SMT + 
endurance

1.19
(0.43, 1.96)

–0.28
(–0.57, 0.01)

0.26
(–0.11, 0.62)

0.14
(–0.29, 0.56)

0.13
(–0.48, 0.75)

0.28
(–0.44, 1.00)

0.03
(–0.34, 0.40)

0.32
(–0.05, 0.69)

0.33
(–0.09, 0.75)

SMT not 
endurance

Upper right triangle gives the pooled mean differences from pairwise comparisons from the standard meta-analyses (column intervention relative to row), lower 
left triangle pooled mean differences from the network meta-analysis (row intervention relative to column).
ABC: Activity-specific balance confidence; BBS: Berg Balance Scale; BWS: body weight support; MiniBESTest: Mini-Balance Evaluation System Test; NA: not 
available; SMT: sensorimotor training; TUG: Timed Up and Go test.
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training including endurance interventions vs control 
(I2 = 73.4; τ2 = 0.24) and sensorimotor training not 
including endurance interventions vs control (I2 = 86.3; 
τ2 = 0.59). Sensorimotor training not including endu-
rance vs endurance intervention comparisons showed 
considerable heterogeneity (I2 = 91.0; τ2 = 0.98) (Table 
SVII).

No publication bias was observed for the BBS pair-
wise comparison groups (Table SVIII and Fig. S10).

Mini-Balance Evaluation Systems Test
Effect of physical exercise modalities on Mini-Balance 
Evaluation Systems Test scores. The network geometry 
graph shows the relative amount of evidence available 
for the effect of physical exercise interventions on 
MiniBESTest scores (Fig. S11). The indirect compari-
son showed the highest ES for balance exercises (0.75; 
95% CI 0.46, 1.04) and resistance interventions (0.58; 
95% CI 0.10, 1.07) vs control groups (Table II and Fig. 
S12). Similarly, in the pairwise analysis, the highest 
ES was for the resistance (0.95; 95% CI 0.36, 1.53) 
and balance (0.58; 95% CI 0.26, 0.89) interventions vs 
control comparisons. Furthermore, sensorimotor train-
ing including endurance also showed positive results 
(0.37; 95% CI 0.07, 0.66) vs control comparisons in 
the standard meta-analysis (Table II).
Best treatment probabilities. Dance and balance inter-
ventions showed the highest probability of being the 
best physical exercise for improving MiniBESTest 
scores (36.2% and 28%, respectively). In addition, 
balance interventions showed the highest SUCRA 
(82.4%), followed by dance (66.5%) and resistance 
interventions (65.7%) (Fig. S13 and Table SV).
Sensitivity analysis, heterogeneity, and publication 
bias. In the sensitivity analysis, the pooled ES was not 
modified by removing any trials (Table SVI).

Two direct comparisons showed substantial hetero-
geneity: balance vs control (I2 = 71.5; τ2 = 0.16) and 
endurance vs control (I2 = 72.5; τ2 = 0.15). Moreover, 
a direct comparison showed moderate heterogeneity: 
resistance vs control (I2 = 56.1; τ2 = 0.20). The alter-
native vs control comparison showed considerable 
heterogeneity (I2 = 92.9; τ2 = 3.06) (Table SVII).

No publication bias was found for the MiniBEST 
pairwise comparison groups (Table SVIII and Fig. S14).

Timed Up and Go Test
Effect of physical exercise modalities on Timed Up 
and Go Test results. The network geometry graph of 
the physical exercise interventions on TUG results is 
shown in Fig. S15.

Indirect comparisons showed significant ES for 
alternative exercises (–0.54; 95% CI –0.82, –0.26), ba-

lance (–0.42; 95% CI –0.75, –0.08), resistance (–0.60; 
95% CI –0.89, –0.31), and sensorimotor training inclu-
ding endurance interventions (–0.61; 95% CI –0.95, 
–0.27) vs control comparisons (Table II and Fig. S16). 
In direct comparisons, dance interventions showed a 
significant ES (–0.46; 95% CI –0.83, –0.09) vs control 
interventions, in addition to those mentioned above for 
indirect comparisons. Moreover, in the pairwise ana-
lysis of the standard meta-analysis, the sensorimotor 
training including endurance category showed a signi-
ficant ES (–1.19; 95% CI –1.96, –0.43) vs sensorimotor 
training not including endurance (Table II).
Best treatment probabilities. The probability of being 
the best treatment was 30.3% for dance, 23.6% for 
sensorimotor training, including endurance interven-
tions, and 20.0% for resistance. Moreover, sensori-
motor training, including endurance interventions and 
resistance, showed the highest SUCRA (76.0%, both), 
followed by alternative exercises (66.8%) and dance 
(64.0%) (Fig. S17 and Table SV).
Sensitivity analysis, heterogeneity, and publication 
bias. The pooled ES was modified by removing the 
following trials in the sensitivity analysis: (i) Solla et 
al., 2019 (s67) from the dance vs control groups, and 
(ii) Liao et al., 2015 (s40); Tollar et al., 2019 (s72) 
and da Silva et al., 2018 (s19) from the sensorimotor 
training including endurance interventions vs control 
groups (Table SVI).

Four direct comparisons showed substantial hete-
rogeneity: alternative vs control (I2 = 62.6; τ2 = 0.14), 
resistance vs control (I2 = 82.0; τ2 = 0.41), sensorimotor 
training including endurance interventions vs control 
(I2 = 71.6; τ2 = 0.28), and sensorimotor training not 
including endurance interventions vs control (I2 = 70.2; 
τ2 = 0.13). Furthermore, a direct comparison sho-
wed moderate heterogeneity: resistance vs alternative 
(I2 = 41.8; τ2 = 0.03).

Publication bias was observed for the direct com-
parison of the resistance vs control groups (p = 0.000) 
(Fig. S18 and Table SVIII).

DISCUSSION

This network meta-analysis provides a synthesis of the 
evidence comparing the effects of different physical 
exercise modalities on balance, postural stability, and 
general mobility in people with PD. These parameters 
were assessed using the ABC scale, BBS, MiniBE-
STest, and TUG. The results of the network meta-
analysis show that balance exercises were the only 
physical exercise modality that improved all outcomes 
compared with control interventions, except for the 
ABC scale for which balance exercises were superior 
to sensorimotor training including endurance interven-
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tions. Alternative exercises and sensorimotor training 
including endurance, are also effective interventions 
for improving balance, postural stability, and general 
mobility, as measured by the BBS and TUG. In addi-
tion, the results show that resistance interventions im-
prove balance, postural stability, and general mobility 
as indicated by higher MiniBESTest scores and lower 
TUG times. Finally, BWS interventions, dance, and 
sensorimotor training not including endurance show 
positive effects on balance, as indicated by the BBS. 
In line with the current study results, previous reviews 
have shown that physical exercise interventions are 
effective in managing PD symptoms such as balance, 
postural stability, and mobility impairments (17, 18).

Balance interventions showed the best results in 
the current study. It has been shown previously that 
balance interventions improve patients’ perceived 
level of confidence in balance when performing acti-
vities of daily living. In addition, balance training has 
been reported to be a very effective type of physical 
therapy exercise for improving balance and PD features 
directly related to balance, such as postural stability 
and risk of falls (42–45). These results may be due to 
the design of balance treatment, which is specifically 
aimed at improving the balance outcomes studied 
in this meta-analysis, in other words, patients could 
improve what they practice, as these intervention pro-
grammes adapted to this clinical feature of PD. This is 
because these balance interventions usually focus on 4 
characteristics of postural control and balance that are 
often affected in patients with PD: sensory integration, 
anticipatory postural adjustment, motor agility, and 
stability limits (46).

In the current study, alternative exercises and dance 
showed the highest probability of being one of the 3 
best treatments and one of the highest SUCRAs in all 
scales assessed. Moreover, alternative exercises and 
dance have already shown improvements in motor 
and non-motor symptoms of PD related to cognition, 
memory, attention, and emotional well-being (47–49). 
The positive results of these interventions may also 
be due to these exercises being performed as part of 
group classes, thus involving socialization, making 
them enjoyable forms of rehabilitation and facilitating 
adherence to treatment (50). Both categories have 
multidimensional benefits, and although they are not 
complete balance physiotherapy techniques, they 
have a high balance- and posture-based component. 
In fact, both dance and alternative exercises are con-
sidered “highly challenging” balance exercises (45). 
Dance consists of a combination of steps that involve 
starts and stops of movement, changes in direction, 
rhythmic variation, and changes in the centre of body 
mass and speed. These features may specifically tar-
get the motor symptoms of PD. Furthermore, dance 

contributes to the configuration of the body schema, 
increasing awareness of the body and its movements 
(51). Alternative exercises focus on the interactions 
between body position and movement, breathing and 
the mind, through the practice of focused attention and 
a sequence of controlled movements. This improves 
the perception of position and movements increasing 
the ability to control balance (49, 52). 

The sensorimotor training interventions, which are 
also multicomponent treatments that involve a balan-
ced combination of exercise categories, combine all the 
benefits of the different parts of the programmes into 
one (53). These interventions stimulate the sensorimo-
tor control system, causing lower latency of muscles in 
response to unexpected external stimuli (19).

Furthermore, BWS interventions showed positive 
results in balance assessed using BBS in the current 
study. BWS interventions seem to improve balance and 
posture during gait due to facilitation of straightening 
and alignment of the lower limbs and trunk by reducing 
patients’ weight, as previously reported. The positive 
results of the BWS can be explained by the patient’s 
sense of security being more suitable in advanced 
stages of PD with a great alteration of balance and 
postural instability. This technique also allows us to 
establish greater speed on the treadmill, thus increasing 
training intensity (13, 54, 55). 

PD progresses towards a loss of muscle mass and 
strength that contributes to balance, postural stability, 
and general mobility impairments. As previously 
reported, resistance interventions potentially increase 
muscular strength, improving balance skills on the 
MiniBESTest and general mobility on the TUG (56, 
57). In addition, resistance training has been shown 
to improve functional activities involving balance, 
general mobility, and postural stability; and reduce 
falls (29). In the current network meta-analysis, no 
effects were found for endurance interventions, alt-
hough previous studies have reported positive effects 
on balance, posture stability and their related factors 
(58, 59). Furthermore, in a recent clinical practice 
guideline, endurance training is strongly recommen-
ded to be prescribed by physical therapists very early 
in the course of PD, given the potential benefits in 
oxygen consumption, motor symptoms and functional 
outcomes (29). 

Based on the results of the current study and previous 
evidence, physical exercise programmes to improve 
balance, postural stability, and general mobility should 
contain a balance component or target these characte-
ristics of the disease (60). 

The design of an exercise programme for PD should 
be based on the interests and needs of each patient, alt-
hough, in general, and for these specific characteristics 
of the disease, it would be recommended to perform: 
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(i) balance training for 20–30 min approximately 2–3 
times per week, with dance and alternative exercises 
being a good activity to replace some of these sessions; 
(ii) resistance training 2–3 times a week preferably in-
cluded in multimodal training; (iii) endurance training 
for more than 30 min per session 2–5 times per week; 
and (iv) flexibility exercises as a warm-up and cool-
down for each physical exercise workout (29, 61–63).

Study limitations
Some limitations of this network meta-analysis should 
be acknowledged: (i) some characteristics (i.e. inten-
sity, frequency, and duration) of interventions classified 
in the same physical exercise category varied widely 
among them; (ii) control interventions were highly 
heterogeneous related to the type of training (i.e. health 
education classes, breathing techniques, stretching, 
and usual pharmacological care); (iii) the analysis 
showed substantial and considerable heterogeneity for 
multiple comparisons; (iv) significant publication bias 
was reported for the direct comparison of resistance 
vs control groups for the TUG; (v) no further potential 
effect modifiers could be included in the similarity 
analysis as they were not reported in most of the stu-
dies; and (vi) given the risk of bias, quality of evidence 
and inconsistencies in the current analyses, the results 
should be interpreted with caution.

Conclusion
The results of the network meta-analysis show that 
the balance exercise category was the only physical 
exercise modality that improved balance, postural sta-
bility, and general mobility in people with PD. These 
parameters were assessed using the ABC scale, BBS, 
MiniBESTest, and TUG. Moreover, these results show 
that alternative exercises, dance, BWS interventions, 
resistance, and sensorimotor training including and not 
including endurance interventions are also effective 
in improving balance, postural stability, and general 
mobility. More research is needed to establish the ty-
pes of physical exercise interventions that provide the 
strongest benefits for all characteristics of PD.
The authors have no conflicts of interest to declare.

REFERENCES
1.	Jankovic J. Parkinson’s disease: clinical features and diag-

nosis. J Neurol Neurosurg Psychiatry 2008; 79: 368–376. 
DOI: 10.1136/JNNP.2007.131045

2.	Park J-H, Kang Y-J, Horak FB. What is wrong with balance 
in Parkinson’s disease? J Mov Disord 2015]; 8: 109–114. 
DOI: 10.14802/JMD.15018

3.	Kim SD, Allen NE, Canning CG, Fung VSC. Postural instabi-
lity in patients with Parkinson’s disease. CNS Drugs 2013; 
27: 97–112. DOI: 10.1007/s40263-012-0012-3

4.	Horak FB. Postural orientation and equilibrium: what do 

we need to know about neural control of balance to pre-
vent falls? Age Ageing 2006; 35: ii7–ii11. DOI: 10.1093/
AGEING/AFL077

5.	Dibble LE, Addison O, Papa E. The effects of exercise on 
balance in persons with Parkinson’s disease: a systematic 
review across the disability spectrum. J Neurol Phys Ther 
2009; 33: 14–26. DOI: 10.1097/NPT.0b013e3181990fcc

6.	Sarter M, Albin RL, Kucinski A, Lustig C. Where attention 
falls: Increased risk of falls from the converging impact 
of cortical cholinergic and midbrain dopamine loss on 
striatal function. Exp Neurol 2014; 257: 120–129. DOI: 
10.1016/J.EXPNEUROL.2014.04.032

7.	Bloem BR, Beckley DJ, van Dijk JG, Zwinderman AH, Rem-
ler MP, Roos RAC. Influence of dopaminergic medication 
on automatic postural responses and balance impairment 
in Parkinson’s disease. Mov Disord 1996; 11: 509–521. 
DOI: 10.1002/mds.870110506

8.	McNeely ME, Duncan RP, Earhart GM. Medication improves 
balance and complex gait performance in Parkinson di-
sease. Gait Posture 2012; 36: 144–148. DOI: 10.1016/J.
GAITPOST.2012.02.009

9.	St. George RJ, Nutt JG, Burchiel KJ, Horak FB. A meta-reg-
ression of the long-term effects of deep brain stimulation 
on balance and gait in PD. Neurology 201; 75: 1292–1299. 
DOI: 10.1212/WNL.0B013E3181F61329

10.	Radder DLM, Lígia Silva de Lima A, Domingos J, Keus 
SHJ, van Nimwegen M, Bloem BR, et al. Physiotherapy 
in Parkinson’s disease: a meta-analysis of present treat-
ment modalities. Neurorehabil Neural Repair 2020; 34: 
871–880. DOI: 10.1177/1545968320952799

11.	Goodwin VA, Richards SH, Taylor RS, Taylor AH, Campbell 
JL. The effectiveness of exercise interventions for people 
with Parkinson’s disease: a systematic review and meta-
analysis. Mov Disord 2008 [cited 2022 Mar 15]; 23(5): 
631–640. DOI: 10.1002/MDS.21922

12.	Tomlinson CL, Patel S, Meek C, Clarke CE, Stowe R, Shah 
L, et al. Physiotherapy versus placebo or no intervention in 
Parkinson’s disease. Cochrane Database Syst Rev 2013;: 
CD002817. DOI: 10.1002/14651858.CD002817.pub2

13.	Lorenzo-García P, Cavero-Redondo II, Torres-Costoso AI, 
Guzmán-Pavón MJ, Nuñez de Arenas-Arroyo S, Álvarez-
Bueno C, et al. Body weight support gait training for 
patients with Parkinson disease: a systematic review 
and meta-analyses. Arch Phys Med Rehabil 2021; 102: 
2012–2021. DOI: 10.1016/j.apmr.2021.02.016

14.	Aras B, Seyyar GK, Fidan O, Colak E. The effect of tai chi 
on functional mobility, balance and falls in Parkinson’s 
disease: a systematic review and meta-analysis of sys-
tematic reviews. Explore (NY). 2022; 18: 402–410. DOI: 
10.1016/J.EXPLORE.2021.12.002

15.	Braz de Oliveira MP, Maria Dos Reis L, Pereira ND. Effect 
of resistance exercise on body structure and function, 
activity, and participation in individuals with Parkinson 
disease: a systematic review. Arch Phys Med Rehabil 2021; 
102: 1998–2011. DOI: 10.1016/j.apmr.2021.01.081

16.	Li Y, Song H, Shen L, Wang Y. The efficacy and safety of 
moderate aerobic exercise for patients with Parkinson’s 
disease: a systematic review and meta-analysis of ran-
domized controlled trials. Ann Palliat Med 2021; 10: 
2638649–2632649. DOI: 10.21037/APM-20-1661

17.	Salari N, Hayati A, Kazeminia M, Rahmani A, Mohammadi 
M, Fatahian R, et al. The effect of exercise on balance in 
patients with stroke, Parkinson, and multiple sclerosis: 
a systematic review and meta-analysis of clinical trials. 
Neurol Sci Off J Ital Neurol Soc Ital Soc Clin Neurophysiol 
2022; 43: 167–185. DOI: 10.1007/s10072-021-05689-y

18.	Gamborg M, Hvid LG, Dalgas U, Langeskov-Christensen M. 
Parkinson’s disease and intensive exercise therapy – an 
updated systematic review and meta-analysis. Acta Neurol 
Scand 2022; 145: 504–528. DOI: 10.1111/ane.13579

19.	Ernst M, Folkerts AK, Gollan R, Lieker E, Caro-Valenzu-
ela J, Adams A, et al. Physical exercise for people with 
Parkinson’s disease: a systematic review and network 

J Rehabil Med 56, 2024



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

tio
n 

M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

tio
n 

M
ed

ic
in

e

P. Lorenzo-García et al. "Physical exercise interventions in Parkinson’s disease" p. 18 of 19

meta-analysis. Cochrane Database Syst Rev 2023; 1: 
CD013856. DOI: 10.1002/14651858.CD013856.PUB2

20.	Lorenzo-García P, Núñez de Arenas-Arroyo S, Cavero-
Redondo I, Guzmán-Pavón MJ, Priego-Jiménez S, Álva-
rez-Bueno C. Physical exercise interventions on quality 
of life in Parkinson disease: a network meta-analysis. 
J Neurol Phys Ther 2023; 47: 64–74. DOI: 10.1097/
NPT.0000000000000414

21.	Higgins J, Thomas J, Chandler J, Cumpston M, Li T. Co-
chrane Handbook for Systematic Reviews of Interventions 
Version 6.2 (2021) [Serial on the Internet]. [cited 2022 
Sep 8]. Available from: https://training.cochrane.org/
handbook.

22.	Hutton B, Catalá-López F, Moher D. The PRISMA statement 
extension for systematic reviews incorporating network 
meta-analysis: PRISMA-NMA. Med Clin (Barc) 2016; 147: 
262–266. DOI: 10.1016/j.medcli.2016.02.025

23.	Bloem BR, Marinus J, Almeida Q, Dibble L, Nieuwboer A, 
Post B, et al. Measurement instruments to assess posture, 
gait, and balance in Parkinson’s disease: critique and re-
commendations. Mov Disord 2016; 31: 1342–1355. DOI: 
10.1002/MDS.26572

24.	Godi M, Franchignoni F, Caligari M, Giordano A, Turcato 
AM, Nardone A. Comparison of reliability, validity, and re-
sponsiveness of the Mini-BESTest and Berg Balance Scale 
in patients with balance disorders. Phys Ther 2013; 93: 
158–167. DOI: 10.2522/PTJ.20120171

25.	Mancini M, Horak FB. The relevance of clinical balance 
assessment tools to differentiate balance deficits. Eur J 
Phys Rehabil Med 2010; 46: 239–248.

26.	Tyson SF, Connell LA. How to measure balance in clinical 
practice. A systematic review of the psychometrics and 
clinical utility of measures of balance activity for neuro-
logical conditions. Clin Rehabil 2009; 23: 824–840. DOI: 
10.1177/0269215509335018

27.	Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, 
Boutron I, et al. RoB 2: A revised tool for assessing risk 
of bias in randomised trials. BMJ 2019; 366: 4898. DOI: 
10.1136/bmj.l4898

28.	Guyatt GH, Oxman AD, Schünemann HJ, Tugwell P, Knott-
nerus A. GRADE guidelines: a new series of articles in the 
Journal of Clinical Epidemiology. J Clin Epidemiol 2011; 64: 
380–382. DOI: 10.1016/j.jclinepi.2010.09.011

29.	Osborne JA, Botkin R, Colon-Semenza C, DeAngelis TR, 
Gallardo OG, Kosakowski H, et al. Physical therapist mana-
gement of Parkinson disease: a clinical practice guideline 
from the American Physical Therapy Association. Phys Ther 
2022; 102: pzab302. DOI: 10.1093/ptj/pzab302

30.	Reina-Gutiérrez S, Cavero-Redondo I, Martínez-Vizcaíno V, 
Núñez de Arenas-Arroyo S, López-Muñoz P, Álvarez-Bueno 
C, et al. The type of exercise most beneficial for quality 
of life in people with multiple sclerosis: a network meta-
analysis. Ann Phys Rehabil Med 2022; 65: 101578. DOI: 
10.1016/J.REHAB.2021.101578

31.	Salanti G. Indirect and mixed-treatment comparison, net-
work, or multiple-treatments meta-analysis: many names, 
many benefits, many concerns for the next generation 
evidence synthesis tool. Res Synth Methods 2012; 3: 
80–97. DOI: 10.1002/JRSM.1037

32.	Shim S, Yoon BH, Shin IS, Bae JM. Network meta-analysis: 
application and practice using Stata. Epidemiol Health 
2017; 39: e2017047. DOI: 10.4178/EPIH.E2017047

33.	Chaimani A, Higgins JPT, Mavridis D, Spyridonos P, Salanti 
G. Graphical Tools for Network Meta-Analysis in STATA. 
Haibe-Kains B, editor. PLoS One 2013; 8: e76654. DOI: 
10.1371/journal.pone.0076654

34.	Salanti G, Ades AE, Ioannidis JPA. Graphical methods 
and numerical summaries for presenting results from 
multiple-treatment meta-analysis: an overview and tuto-
rial. J Clin Epidemiol 2011; 64: 163–171. DOI: 10.1016/j.
jclinepi.2010.03.016

35.	DerSimonian R, Laird N. Meta-analysis in clinical trials. 
Control Clin Trials 1986; 7: 177–188. DOI: 10.1016/0197-

2456(86)90046-2
36.	Raad J, Moore J, Hamby J, Rivadelo RL, Straube D. A brief 

review of the activities-specific balance confidence scale in 
older adults. Arch Phys Med Rehabil 2013; 94: 1426–1427. 
DOI: 10.1016/J.APMR.2013.05.002

37.	Qutubuddin AA, Pegg PO, Cifu DX, Brown R, McNamee S, 
Carne W. Validating the Berg Balance Scale for patients 
with Parkinson’s disease: a key to rehabilitation evalua-
tion. Arch Phys Med Rehabil 2005; 86: 789–792. DOI: 
10.1016/j.apmr.2004.11.005

38.	Åberg AC, Olsson F, Åhman HB, Tarassova O, Arndt A, 
Giedraitis V, et al. Extraction of gait parameters from 
marker-free video recordings of Timed Up-and-Go tests: 
validity, inter- and intra-rater reliability. Gait Posture 2021; 
90: 489–495. DOI: 10.1016/J.GAITPOST.2021.08.004

39.	Leddy AL, Crowner BE, Earhart GM. Utility of the Mini-
BESTest, BESTest, and BESTest sections for balance 
assessments in individuals with Parkinson disease. J 
Neurol Phys Ther 2011; 35: 90–97. DOI: 10.1097/
NPT.0B013E31821A620C

40.	Higgins JPT, Thompson SG. Quantifying heterogeneity in 
a meta-analysis. Stat Med 2002; 21: 1539–1558. DOI: 
10.1002/sim.1186

41.	Sterne JAC, Egger M, Smith GD. Systematic reviews in 
health care: investigating and dealing with publication 
and other biases in meta-analysis. Br Med J 2001; 323: 
101–105. DOI: 10.1136/bmj.323.7304.101

42.	Yitayeh A, Teshome A. The effectiveness of physiotherapy 
treatment on balance dysfunction and postural instability 
in persons with Parkinson’s disease: a systematic review 
and meta-analysis. BMC Sports Sci Med Rehabil 2016; 
8: 1–10. DOI: 10.1186/S13102-016-0042-0/FIGURES/3

43.	Acarer A, Karapolat H, Celebisoy N, Ozgen G, Colakoglu Z. 
Is customized vestibular rehabilitation effective in patients 
with Parkinson’s? NeuroRehabilitation 2015; 37: 255–262. 
DOI: 10.3233/NRE-151258

44.	De Freitas PT TBMS, Leite PHWBS, Doná PT FP, Pompeu PT 
JEP, Swarowsky PT AP, Torriani-Pasin PT CP, et al. The ef-
fects of dual task gait and balance training in Parkinson’s di-
sease: a systematic review. Physiother Theory Pract 2020; 
36: 1088–1096. DOI: 10.1080/09593985.2018.1551455

45.	Allen NE, Sherrington C, Paul SS, Canning CG. Balance 
and falls in Parkinson’s disease: a meta-analysis of the 
effect of exercise and motor training. Mov Disord 2011; 
26: 1605–1615. DOI: 10.1002/mds.23790

46.	Johansson H, Freidle M, Ekman U, Schalling E, Leavy B, 
Svenningsson P, et al. Feasibility aspects of exploring 
exercise-induced neuroplasticity in Parkinson’s disease: 
a pilot randomized controlled trial. Parkinsons Dis 2020; 
2020: 2410863. DOI: 10.1155/2020/2410863

47.	Ismail SR, Lee SWH, Merom D, Kamaruddin PSNM, San 
Chong M, Ong T, et al. Evidence of disease severity, cog-
nitive and physical outcomes of dance interventions for 
persons with Parkinson’s disease: a systematic review and 
meta-analysis. BMC Geriatr 2021; 21: 503. DOI: 10.1186/
s12877-021-02446-w

48.	Wang L li, Sun C jie, Wang Y, Zhan T ting, Yuan J, Niu CY, 
et al. Effects of dance therapy on non-motor symptoms in 
patients with Parkinson’s disease: a systematic review and 
meta-analysis. Aging Clin Exp Res 2022; 34: 1201–1208. 
DOI: 10.1007/S40520-021-02030-7/FIGURES/2

49.	Jin X, Wang L, Liu S, Zhu L, Loprinzi PD, Fan X. The impact 
of mind-body exercises on motor function, depressive 
symptoms, and quality of life in Parkinson’s disease: a 
systematic review and meta-analysis. Int J Environ Res 
Public Health 2019; 17: 31. DOI: 10.3390/ijerph17010031

50.	Ravenek MJ, Schneider MA. Social support for physical 
activity and perceptions of control in early Parkinson’s 
disease. Disabil Rehabil 2009; 31: 1925–1936. DOI: 
10.1080/09638280902850261

51.	Valverde Guijarro E, Flórez García MT. Efecto de la danza 
en los enfermos de Parkinson. Fisioterapia 2012; 34: 
216–224. DOI: 10.1016/J.FT.2012.03.006

J Rehabil Med 56, 2024



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

tio
n 

M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

tio
n 

M
ed

ic
in

e

P. Lorenzo-García et al. "Physical exercise interventions in Parkinson’s disease" p. 19 of 19

52.	Mustafaoglu R, Ahmed I, Pang MYC. Which type of mind–
body exercise is most effective in improving functional 
performance and quality of life in patients with Parkinson’s 
disease? A systematic review with network meta-analysis. 
Acta Neurol Belg 2022; 122: 1433–1446. DOI: 10.1007/
S13760-022-02070-4/FIGURES/4

53.	Mak MK, Wong-Yu IS, Shen X, Chung CL. Long-term 
effects of exercise and physical therapy in people with 
Parkinson disease. Nat Rev Neurol 2017; 13: 689–703. 
DOI: 10.1038/nrneurol.2017.128

54.	Fisher BE, Wu AD, Salem GJ, Song J, Lin CH (Janice), Yip 
J, et al. The effect of exercise training in improving motor 
performance and corticomotor excitability in people with 
early Parkinson’s disease. Arch Phys Med Rehabil 2008; 
89: 1221–1229. DOI: 10.1016/j.apmr.2008.01.013

55.	Hesse S, Schmidt H, Werner C, Bardeleben A. Upper and 
lower extremity robotic devices for rehabilitation and 
for studying motor control. Curr Opin Neurol 2003; 16: 
705–710. DOI: 10.1097/00019052-200312000-00010

56.	Hass CJ, Buckley TA, Pitsikoulis C, Barthelemy EJ. Pro-
gressive resistance training improves gait initiation in 
individuals with Parkinson’s disease. Gait Posture 2012; 
35: 669–673. DOI: 10.1016/J.GAITPOST.2011.12.022

57.	Alvarez-Bueno C, Deeks JJ, Cavero-Redondo II, Jolly K, 
Torres-Costoso AI, Price M, et al. Effect of exercise on 
motor symptoms in patients with Parkinson’s disease: 
a network meta-analysis. J Geriatr Phys Ther 2023; 46: 

E87–E105. DOI: 10.1519/JPT.0000000000000322
58.	de Almeida FO, Santana V, Corcos DM, Ugrinowitsch C, 

Silva-Batista C. Effects of endurance training on motor 
signs of Parkinson’s disease: a systematic review and 
meta-analysis. Sport Med 2022; 52: 1789–1815. DOI: 
10.1007/S40279-022-01650-X/TABLES/7

59.	Mrowczynski W. Health benefits of endurance training: 
implications of the brain-derived neurotrophic factor-a 
systematic review. NEURAL Plast 2019; 2019: 5413067. 
DOI: 10.1155/2019/5413067

60.	Klamroth S, Steib S, Devan S, Pfeifer K. Effects of exercise 
therapy on postural instability in Parkinson disease: a 
meta-analysis. J Neurol Phys Ther 2016; 40: 3–14. DOI: 
10.1097/NPT.0000000000000117

61.	Ellis T, Rochester L. Mobilizing Parkinson’s disease: the 
future of exercise. J Parkinsons Dis 2018; 8: S95–S100. 
DOI: 10.3233/JPD-181489

62.	Ellis TD, Colón-Semenza C, DeAngelis TR, Thomas CA, 
Hilaire M-H Saint, Earhart GM, et al. Evidence for early 
and regular physical therapy and exercise in Parkinson’s 
disease. Semin Neurol 2021; 41: 189–205. DOI: 10.1055/
s-0041-1725133

63.	Martignon C, Pedrinolla A, Ruzzante F, Giuriato G, Lagi-
nestra FG, Bouça-Machado R, et al. Guidelines on exercise 
testing and prescription for patients at different stages 
of Parkinson’s disease. Aging Clin Exp Res 2021; 33: 
221–246. DOI: 10.1007/s40520-020-01612-1

J Rehabil Med 56, 2024


