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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;
959% 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.

(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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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
inrelation to gravitational forces providing mechanical
support to perform movements or hold stance. Postural
stability is defined as balance, which compromises
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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.
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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); (i) 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. (i7) 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. (ii/) 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. (7v) 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, (if) did not report
enough data to conduct a statistical analysis, (iif) 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, (if) country, (iii)
characteristics of the subjects (i.e. sample size, number of fema-

J Rehabil Med 56, 2024



JRM

JRM

JRM

P. Lorenzo-Garcia et al. "Physical exercise interventions in Parkinson’s disease"

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.
(7) 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. (i7) 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
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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 I? statistic, their corresponding
p-values, and the 95% CTs. I 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
12 statistic was calculated to determine the size and clinical
relevance of heterogeneity and interpreted as low when 12 was
lower than 0.04, moderate when t2 was from 0.04 to 0.14 and
substantial when 12 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),
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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% CI1 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;
12=0.06) (Table SVII) or publication bias (»=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% CI10.62, 1.81), balance
(0.85; 95% CI 0.32, 1.38), BWS interventions (1.31;
95% C1 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%
C10.83,2.74) 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 etal., 2018 (s36); Liet al., 2022 (s39)
and Ni et al., 2016 (s48) from alternative exercises vs
control groups, (i7) 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 (12=47.8;12=0.21) and
alternative vs control (1I2=55.9; 12=0.11). Moreover, 4
direct comparisons showed substantial heterogeneity:
endurance vs BWS interventions (12=80.7; 12=0.75),
endurance vs control (I12=66.4; 12=0.23), sensorimotor
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Table II. Pooled mean differences of physical activity on outcome scales
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ABC
0.27 0.24 NA NA NA -0.30 -0.21
(-0.43, 0.96) (-0.13, 0.61) (~1.14, 0.54) (~1.09, 0.66)
0.33 NA NA NA NA NA NA
(-0.37, 1.03)
0.30 -0.03 0.00 NA -0.09 NA -0.35
(-0.09, 0.69) (-0.83, 0.77) (-0.48, 0.48) (-0.67, 0.05) (-0.89, 0.18)
0.28 -0.05 -0.02 NA NA NA -0.45
(-0.43, 0.99) (-1.05, 0.94) (-0.64, 0.60) (-1.16, 0.26)
-0.39 -0.72 -0.69 -0.67 NA 0.23 0.00
(~1.23, 0.45) (-1.81, 0.37) (-1.53, 0.15) (~1.63, 0.30) (-0.29, 0.75) (-0.58, 0.59)
0.13 -0.20 -0.17 -0.15 0.52 NA NA
(-0.78, 1.05) (-1.35, 0.95) (-0.99, 0.66) (~1.18, 0.89) (-0.66, 1.70)
-0.12 -0.45 -0.42 -0.40 0.27 -0.25 NA
(~1.00, 0.75) (-1.57, 0.67) (-1.32, 0.48) (-1.43, 0.63) (-0.41, 0.94) (~1.48, 0.97)
-0.32 -0.65 -0.62 -0.60 0.07 -0.45 -0.20
(-0.92, 0.29) (-1.57, 0.27) (-1.17, -0.06) |[(-1.29, 0.10) (-0.66, 0.80) (-1.45, 0.54) (-1.06, 0.67)
BBS
0.48 0.41 0.52 0.66 0.67 1.78 0.46 0.96
(0.03, 0.93) |(0.17, 0.64) (-0.11, 1.15) (0.26, 1.05) (0.09, 1.25) (0.83, 2.74) (-0.20, 1.11) (0.02, 1.90)
1.21 -0.18 NA NA -0.24 0.07 -0.09 -0.53
(0.62, 1.81) -1.10, 0.73) -0.55, 0.08) (-0.69, 0.82)  [(-0.56, 0.38)  |(~1.16, 0.10)
0.85 -0.36 0.00 NA NA NA NA -0.61
(0.32, 1.38) (~1.08, 0.36) (-0.48, 0.48) (-1.15, -0.07)
1.31 0.10 0.46 NA 0.54 NA -0.34 -0.81
(0.57, 2.05) (-0.77, 0.97) [(-0.38, 1.30) (-0.55, 1.64) (-0.96, 0.29)  |(-1.30, -0.33)
1.18 -0.03 0.33 -0.13 NA NA NA -0.37
(0.33, 2.03) (-1.06, 0.99) [(-0.66, 1.32) [(-1.24, 0.97) (-1.08, 0.35)
0.57 -0.64 -0.28 -0.74 -0.61 NA 0.17 -0.40
(-0.02, 1.17) (-1.38,0.10) [(-1.03, 0.48) |(-1.49, 0.01) (-1.62, 0.41) (-0.35,0.70)  [(-1.10, 1.78)
0.80 -0.42 -0.06 -0.52 -0.38 0.22 NA NA
(-0.57, 2.16) (-1.78, 0.94) [(-1.50, 1.38) [(-2.04, 1.01) (-1.98, 1.22) (~1.24, 1.68)
1.10 -0.11 0.25 -0.21 -0.08 0.53 0.31 -0.81
(0.46, 1.75) (-0.85, 0.63) [(-0.54,1.04) |(-1.05, 0.63) (-1.12, 0.97) (-0.19, 1.25) (-1.16, 1.78) (-1.30, -0.32)
0.64 -0.57 -0.21 -0.67 -0.54 0.06 -0.16 -0.47
(0.05, 1.23) (-1.32,0.17) |(-0.94, 0.51) |[(-1.45, 0.10) (-1.51, 0.43) (-0.62, 0.75) (-1.31,1.30) |(-1.22,0.28)
MiniBESTest
1.38 0.58 0.52 0.25 0.95 0.37 0.45
(-1.13, 3.90) (0.26, 0.89) (-0.17, 1.22) (-0.38, 0.89) (0.36, 1.53) (0.07, 0.66) (-0.03, 0.93)
0.55 NA NA NA -0.34 NA NA
(-0.19, 1.29) (-1.10, 0.42)
0.75 0.20 NA NA -0.42 NA NA
(0.46, 1.04) (-0.59, 0.99) (-1.05, 0.20)
0.67 0.12 0.08 NA NA NA NA
(-0.44, 1.77) (-1.21, 1.45) (-1.06, 1.23)
0.22 -0.33 -0.53 -0.45 NA NA -0.25
(-0.30, 0.74) (-1.23, 0.58) (-1.13, 0.07) (-1.67, 0.77) (-0.81, 0.31)
0.58 0.03 -0.17 -0.09 0.36 NA NA
(0.10, 1.07) (-0.76, 0.82) (-0.70, 0.36) (-1.29, 1.12) (-0.35, 1.07)
0.41 -0.14 -0.34 -0.26 0.19 -0.17 NA
(-0.11, 0.93) (-1.05, 0.77) (-0.94, 0.26) (-1.48, 0.97) (-0.55, 0.93) (-0.88, 0.54)
0.18 -0.37 -0.57 -0.49 -0.04 -0.40 -0.23
(-0.46, 0.82) (-1.35, 0.61) (-1.27,0.13) (-1.76, 0.79) (-0.72, 0.63) (-1.20, 0.39) (-1.05, 0.59)
TUG
-0.34 NA -0.46 -0.03 -0.86 -0.51 -0.18
(-0.53, -0.16) (-0.83, -0.09) |(-0.26, 0.20) |(-1.32, -0.40) [(-0.95, -0.06) |(-0.49, 0.13)
0.05 NA NA 0.12 0.15 0.29 -0.60
(-0.42, 0.53) (-0.20, 0.44) [(-0.17, 0.48) (-0.12, 0.71) (-1.24, 0.03)
-0.42 NA NA -0.41 NA NA
(-0.75, -0.08) (-0.28, 0.52) (-1.11, 0.29)
-0.42 0.12 0.00 NA -0.12 NA NA 0.32
(-1.01, 0.18) (-0.51, 0.75) (-0.62, 0.63) -0.47, 0.23) (-0.39, 1.03)
-0.56 -0.02 -0.14 -0.14 NA NA NA NA
(-1.22, 0.10) (-0.74, 0.69) (-0.88, 0.60) (-1.04, 0.75)
-0.31 0.23 0.11 0.10 0.25 -0.23 -0.16
(-0.64, 0.01) (-0.15, 0.60) (-0.34, 0.55) (-0.48, 0.68) |(-0.49, 0.98) (-0.82, 0.36) (-0.54, 0.23)
-0.60 -0.06 -0.18 -0.19 -0.04 -0.29 0.48 -0.08
(-0.89, -0.31) |(-0.41, 0.28) (-0.60, 0.24) (-0.83, 0.46) |[(-0.76, 0.68) (-0.70, 0.12) (-0.37, 1.33) (-0.39, 0.22)
-0.61 -0.07 -0.19 -0.20 -0.05 -0.30 -0.01 1.19
(-0.95, -0.27) |(-0.46, 0.31) (-0.66, 0.27) (-0.86, 0.47) [(-0.80, 0.69) (-0.73,0.13) |(-0.43, 0.41) (0.43, 1.96)
-0.28 0.26 0.14 0.13 0.28 0.03 0.32 0.33
(-0.57, 0.01) (-0.11, 0.62) (-0.29, 0.56) (-0.48, 0.75) |(-0.44, 1.00) (-0.34, 0.40) [(-0.05, 0.69) (-0.09, 0.75)

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.

J Rehabil Med 56, 2024



JRM

JRM

JRM

P. Lorenzo-Garcia et al. "Physical exercise interventions in Parkinson’s disease" p. 15 of 19

training including endurance interventions vs control
(I2=73.4; 12=0.24) and sensorimotor training not
including endurance interventions vs control (I12=86.3;
12=0.59). Sensorimotor training not including endu-
rance vs endurance intervention comparisons showed
considerable heterogeneity (12=91.0; 12=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% C1 0.46, 1.04) and resistance interventions (0.58;
95% C10.10, 1.07) vs control groups (Table Il 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% CI1 0.26, 0.89) interventions vs
control comparisons. Furthermore, sensorimotor train-
ing including endurance also showed positive results
(0.37; 95% CI1 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; 12=0.16) and
endurance vs control (12=72.5; t12=0.15). Moreover,
a direct comparison showed moderate heterogeneity:
resistance vs control (12=56.1; 12=0.20). The alter-
native vs control comparison showed considerable
heterogeneity (12=92.9; 12=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% CI1-0.75,-0.08), resistance (—0.60;
95% CI1-0.89,-0.31), and sensorimotor training inclu-
ding endurance interventions (-0.61; 95% CI —0.95,
—0.27) vs control comparisons (Table Il 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: (7) Solla et
al., 2019 (s67) from the dance vs control groups, and
(i7) 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 (I12=62.6; 12=0.14),
resistance vs control (I12=82.0; 12=0.41), sensorimotor
training including endurance interventions vs control
(I2=71.6; 12=0.28), and sensorimotor training not
including endurance interventions vs control (I12=70.2;
12=0.13). Furthermore, a direct comparison sho-
wed moderate heterogeneity: resistance vs alternative
(12=41.8;12=0.03).

Publication bias was observed for the direct com-
parison of the resistance vs control groups (»=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 SUCRASs 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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(7) 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; (ii7) 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; (if) 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.
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