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Abstract - Aims: Postural instability is intrinsically related to cognitive dysfunctions in Parkinson's disease (PD),
which supports the importance of multimodal treatments. The purpose of this study was to investigate the effectiveness
of adding cognitive training to motor physiotherapy in comparison with motor physiotherapy in the balance of indivi-
duals with PD. Methods: randomized clinical trial, where the individuals were randomized to two treatments: Phy-
siotherapy Group (PG; n=29; M=12; HY= 2.5 [2-3]) executed balance training; Physiotherapy plus Cognitive Training
Group (PCG; n=29; 10M; HY= 2.5 [1.5-3]), balance training plus a cognitive training at the end of the therapy. Evalua-
tion instruments: Balance Evaluation Systems Test (BESTest); Unified Parkinson Disease Rating Scale (UPDRS).
Results: The intragroup analysis revealed that both groups presented improved balance and UPDRS total score after
execution of the protocols, but without statistically significant intergroup differences. The effect sizes were small for all
the comparisons. Conclusion: There was no difference between the proposed treatments (PCG and PG). However,
both interventions benefitted the individuals' balance and signs and symptoms of PD, when considered the time effect.
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Introduction

Balance disorders may already be present in the early
stages of Parkinson's disease (PD) and tend to worsen gra-
dually as the disease progresses'. Evidence indicates that
postural instability is the symptom that most correlates
with falls and with increased morbidity in this popula-
tion>~*. A complex network plays an important role in
balance control, so that information from different sensory
systems has to be processed and integrated in order to per-
form motor adjustments. There are some structures that
are particularly central to balance skills: cerebellum, basal
ganglia, thalamus, hippocampus, inferior parietal cortex
and frontal lobe®. Under normal conditions, balance con-
trol occurs automatically’ and relies more on the sub-
cortical structures (basal ganglia and brainstem)®, but in
PD there is an over-inhibition of the motor and premotor
regions® and an impact in subcortical pathways, which
leads to dysfunctional automatic movement control, and
can be accompanied by a compensatory shift to more
voluntary cortical control’. Thereby, considering that pos-
ture control and motor planning are impaired among indi-
viduals with PD, individuals can use compensatory
strategies (increasing sensory information, attention and
cognitive demands) to successfully perform a given motor
task®.

Individuals with PD who present postural instability
and gait dysfunction as predominant symptoms are more
likely to develop cognitive impairments compared to indi-
viduals whose main symptom is tremor'®'". In particular,
impairment of executive functions is closely related to
postural instability'?, which is important given that execu-
tive functions are associated with other motor control
functions such as anticipatory adjustments, planning and
motor coordination'?.

Once the relationship between postural instability
and cognitive dysfunctions has been established'>'*!?, it
becomes important to investigate treatments that combine
motor and cognitive tasks in an attempt to offer additional
benefits to individuals with PD'®'”. To our knowledge,
there is no clinical trial in the literature which is similar to
the one proposed in this study and addresses motor phy-
siotherapy plus specific cognitive training treatment in
individuals with PD assessing balance as the primary out-
come. Although, there is evidence that dual task training
(DTT - concurrent cognitive and motor training) is effec-
tive to improve balance in PD'®, in older adults and indi-
viduals with parkinsonism'®.

Systematic reviews and meta-analyses have shown
that physiotherapy leads to benefits on balance of people
of PD'"7?? and the most used therapeutic approaches
include: specific balance training, resistance exercises and
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walking or treadmill training, which can be performed sta-
tically, dynamically or in functional activities, with the
exploration of postural reactions and assistive technol-
ogy'’. These benefits are especially verified when indivi-
duals are inserted into therapeutic programs with challen-
ging exercises, with treatment principles that include sen-
sory integration, anticipatory postural adjustments, motor
agility, stability limits, dual-task, progressive difficulty,
and direct supervision by the therapist'*. Regarding cog-
nitive training in PD, the main approaches applied are
computerized resources, paper-pencil activities, and non-
invasive brain stimulation, as well as interventions that
combine different forms of treatment (multimodal)®®. A
recent systematic review showed that cognitive training is
effective in improving cognition in healthy older adults®*
and in individuals with mild cognitive impairment®. In
PD, a recent meta-analysis has suggested that cognitive
training leads to improvements in cognitive performance,
but affirms the need for new randomized trials so that the
efficacy for this outcome in PD is better investigated”®.

Thus, the objectives of this study were: (1) to verify
the effectiveness of adding cognitive training to motor
physiotherapy compared to motor physiotherapy in balan-
ce, motor symptoms and activities of daily living in indi-
viduals with Parkinson's disease; (2) to investigate the
effectiveness of both treatments after 3-month follow-up,
on balance, motor symptoms and activities of daily living.
The following hypothesis was proposed: (1) physiothe-
rapy plus specific cognitive training is more effective for
balance, activities of daily living and motor symptons
when compared to isolated physiotherapy.

Methods

Trial design

This is a randomized controlled trial, parallel, with
group allocation concealed and blinded to the principal
assessor. The allocation ratio was 1:1. Approval for the
study was obtained from the ethics committee for research
involving human beings of UEL (1.356.676), registered in
the Brazilian Registry of Clinical Trials (REBEC) under
number RBR-43SJZ7 and conducted according to the
standards established by the CONSORT Statement®’.

Participants

Individuals were recruited from the Neurology Me-
dical Clinic of the Hospital de Clinicas of UEL. Eligibility
criteria were: medical diagnosis of PD according to the
London Brain Bank criteria®®, aged over 50 years, classi-
fied between stages 1.5 to 3 of the Modified Hoehn & Yahr
scale®’, absence of cognitive deficit, characterized by the
Mini Mental State Examination (MMSE)*° and of other
neurological or musculoskeletal disorders that could inter-
fere in the individuals' assessment or treatment, absence of

Physiotherapy plus cognitive training in Parkinson's disease

disorders that might affect locomotion and no engagement
in other rehabilitation programs. The study was executed
from March 2015 to March 2017 at the State University of
Londrina (UEL), in association with the Agape social cen-
ter (CASA) in Londrina, Parana, Brazil.

Interventions

The intervention program consisted of 32 sessions
(four months), offered twice a week. Physiotherapy Group
(PG) received 60 minutes and Physiotherapy plus Cogni-
tive Training Group (PCG) 90 minutes of therapy
(60 minutes like PG plus 30 minutes of cognitive training).
Both groups were directly supervised, with a ratio of one
physiotherapist for each participant, in the motor training.
Cognitive training was also supervised by physiothera-
pists, but with a ratio of one therapist for two participants.
The details of the interventions are described in the
Appendix 1.

a) Physiotherapy group (PG)

The PG intervention protocol focused on balance
training, sensory integration, agility and motor coordina-
tion, stability limits, anticipatory and reactive postural
adjustments, functional independence and gait improve-
ment, based on the study published by Santos et al’' Ses-
sions were divided into four blocks, with a gradual in-
crease in the complexity of the exercises, such as the sup-
port base, use of more unstable therapeutic resources
(foam, trampoline, ball) of exercises for agility and motor
coordination, and elaboration of gait circuits.

b) Physiotherapy plus Cognitive Training Group
(PCG)

The PCG intervention protocol was performed in
two stages. First, the same protocol was used in the PG
and, at the end of each session, 30 minutes of cognitive
stimulation activities were added, which took place as fol-
lows: the participants sat at the table in group, but the tasks
were performed individually, with three cognitive activ-
ities being performed face-to-face and supervised by phy-
siotherapists, and participants receiving three more
activities to perform at home and bring to the subsequent
session for joint and supervised correction before per-
forming any new tasks. The level of exercises difficulty
was gradually increased. In each session we sought to sti-
mulate different cognitive domains. The tasks were deliv-
ered to patients at the end of the session, and in the next
session they were brought in for correction. There was a
sheet for controlling the delivery of activities. The cogni-
tive domains were: executive function, perceptual and
visuospatial function, visual attention, mental flexibility,
motor planning sequencing, selective attention. The ses-
sions involved paper-pencil tasks in which the individuals
performed activities such as interpreting figures, making
associations between them, solving problems and per-
forming simple calculations, recognizing and circling
equal figures among similar images, searching for images



Terra et al.

amidst different backgrounds, cutting out figures and
assembling puzzles by gluing them to the right places and
memory activities~.

QOutcomes

All evaluations were performed with the participants
in the "on" phase of medication (one hour after the drug
administration), at the same time and by the same eva-
luator in the pre-intervention, post-intervention (after four
months of treatment) and follow-up (three months after
the end of the intervention). The researchers first carried
out a telephone triage with standardized questions about
the diagnostic confirmation of PD, diagnosis time, current
medication, current participation in rehabilitation pro-
grams, independence for walking and activities of daily
living, personal background and interest in physiotherapy.
The patients screened for the interview were evaluated to
see if they met the inclusion criteria. On the first day,
baseline demographic information were collected: 1)
demographic data - age, body mass, height, body mass
index (BMI), time of diagnosis, Levodopa equivalent
daily dose, level of education; 2) cognitive assessment
through MMSE, with cut points stablished by Bertolluci
et. al.**, determined according to the educational level of
the participants: 13 points for illiterate, 18 points for low
to medium and 26 points to high schooling®® 3) modified
Hoehn & Yahr Scale®” 4) Geriatric Depressive Scale™.
The primary outcome measure was the Balance Evalua-
tion Systems Test (BESTest)’ total and subsection scores
for assessing balance performance. The subections are:
Section I= Biomechanical constraints; Section II= Stabi-
lity limits/Verticality; Section III= Anticipatory postural
adjustments; Section IV= Postural responses; Section
V = Sensory orientation; Section VI= Stability in gait’”.
We used the standardized instructions of the BESTest’”.
The secondary outcome measured was disease severity
using the domain II (activities of daily living — ADL) and
domain III (motor exam) of the Unified Parkinson Disease
Rating Scale (UPDRS)?.

Sample size

Using the web-based G*power 3.1.9 software and
based on the effect size obtained in a previous study®’ for
BESTest total score, and assuming a 5% type I error and
95% power, the sample size required to ensure adequate
statistical power was 22. Anticipating a 15% attrition rate,
the total sample size value was 26"

Randomization

Participants were recruited and then allocated into
one of the two groups randomly. The randomization pro-
cedure was done as follows: First, a random table of num-
bers was generated using the random sequence generator
procedure (from the www.random.org website) conside-
ring 58 individuals equally divided in two groups Phy-

siotherapy plus Cognitive Training Group (PCG) or
Physiotherapy Group (PG); then, the sequence was inclu-
ded by an independent, blinded researcher into identical
opaque sealed envelopes. Neither the participant nor the
researcher was aware of possible group allocation until the
opening of the envelope in front of the participant. An
independent researcher was responsible for randomiza-
tion.

Blinding

The physiotherapists who supervised the treatment
and performed the assessments were not blind to the treat-
ment conditions, for convenience reasons. Participants
were not informed of the specific hypothesis of the study
and may be considered blind with regard to their alloca-
tion.

Statistical methods

The descriptive data were presented as means and
standard deviations or medians and interquartile ranges,
according to the normality distribution, analyzed by the
Shapiro-Wilk test. The chi-square test was performed to
analyze the categorical variable gender. The comparison
of the demographic data of the individuals was analyzed
by means of the t-test for independent samples or Mann-
Whitney U test, according to the normality of the data.

For data with normal distribution, two-way variance
analysis of repeated measures (ANOVA) was applied for
the variables group, time and group X time, using Sidak's
post-test. For data with non-normal distribution, the Fried-
man test was used to compare the moments (pre, post and
follow-up). For intergroup analysis, the difference of
means was calculated between post-pre, follow-up-pre and
follow-up-post for successive analysis by means of the
Mann-Whitney test. To verify the magnitude of the chan-
ges after the intervention, the effect size was calculated,
based on Cohen's d coefficients. The effect size is classi-
fied as: small (d = 0.0-0.20), medium (d = 0.30-0.50) and
large (d = 0.50-0.80).*® Individuals identified as outliers
(values superior to 3 standard deviations) were excluded
from the statistical analysis.

The level of statistical significance adopted was
P<0.05. The analyses were performed using the statistical
program (SPSS), version 24.0. Statistics were conducted
with intention-to-treat analysis, for primary and secondary
outcomes.

Results

Individuals characteristics

The flow diagram of the study is displayed in Fi-
gure 1. The baseline demographic and clinical character-
istics of the participants are presented in Table 1. The
homogeneity of the groups in the initial evaluation is
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Completed the study (n=19) ANALYSIS Completed the study (n=22)
Analysed due to intention to treat Analysed due to intention to treat
(n=28) (n=26)

Figure 1 - Consort diagram. Flow diagram of the study.

observed, related to age, weight, height, body mass index
(BMI), staging by the H&Y scale, UPDRS, MMSE, GDS
and BESTest, PD duration, years of schooling and Levo-
dopa daily equivalent dose. Regarding H&Y scale, the
number of patients in each stage was for the PCG: 1,5=10;
2=2; 2,5=3; 3=13 and for the PG:1,5=6; 2=5; 2,5=5; 3=10.

Primary outcome

The primary outcome of this study was balance,
evaluated by the BESTest. Data from BESTest had non
normal distribution. For the intergroup comparison, ana-
lyzed by Mann-Whitney test, (between PCG and PG)
(Table 2), the difference of means (variation between two
moments - A) was calculated between: post-pre, follow-
up-pre and follow-up-post. It was indicated a statistic sig-
nificant difference only when compared the mean differ-
ence (A) in the moments post-pre, between the groups, in
favor of PCG, in section stability in gait (VI) (P=0.024).
There was no intergroup difference in the other balance
domains.

In the intra-group analysis, analyzed by Friedman
test, (pre vs. post; pre vs. follow up and post vs. follow up
- time effect) (Table 3; Graphs 1 and 2), there were sig-

nificant differences for PCG in the domains: I-biomecha-
nical constraints [pre vs. post (ES = 0.20) and pre vs.
follow-up (ES = 0.30)]; Ill-anticipatory postural adjust-
ments [pre vs. post (ES = 0.29) and pre vs. follow-up (ES
= 0.32)]; VI-stability in gait [pre vs. post (ES = 0.24) and
pre vs. follow-up (ES = 0.05)] and in the total score [pre
vs. post (ES = 0.27) and pre vs. follow-up (ES = 0.26)].
For PG, there was a difference in the domain V-sensory
orientation [pre vs. post (ES = 0.32) and pre vs. follow-up
(ES=0.41)].

Secondary outcome

The second outcome of this study was the evaluation
of the signs and symptoms of PD through UPDRS. The
results, analyzed by ANOVAs, concerning the intergroup
and intragroup comparisons in UPDRS are described in
Table 4. There was no intergroup difference and no time X
group interaction was verified. Significant differences
were observed for PCG when considering the time effect
in ADLs domain [ pre vs. post (ES = -0.33) and pre vs.
follow-up (ES = -0.34)], motor domain [pre vs. post
(ES = -0.31)] and the total score [pre vs. post (ES =
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Table 1 - Subjects characteristics — baseline.

PCG (n=28) PG (n=26) P
value

Gender (M/F) 10 (35.7%) /18 12(46.2%) /14 043

(64.3%) (53.8%)
Age (years) 67.11+8.14 64.33+7.77 0.21
Weight (kg) 75.01+15.68 75.03+13.72 0.99
Height (m) 1.66+0.09 1.64+0.09 0.45
BMI (kg/m?) 27.06+5.25 27.80+4.67 0.59
H&Y stage 2.5[1.5-3.0] 2.5[2.0-3.0] 0.21
UPDRS (ADL score) 10.58 +4.21 11.54 +4.70 0.20
UPDRS (motor score) 24 +9.07 22.87 +8.90 0.78
UPDRS (total score) 34.58 +12.20 34411216 077
BesTest (% total) 80.71 + 10.44 82.50 +10.44 0.54
MMSE (score) GDS 28(26-29.25) 27(26-29) 0.53
GDS 3.0[1.25-6.75]  3.5[2.0-5.75] 0.57
PD duration (years) 4.5(2-9.25) 6(2-7) 0.93
Years of schooling (years) 12(7.75-16) 9(4-16) 0.48
Daily levodopa equivalent 500(400-775) 500(332.50- 0.81
dosage (mg) 832.50)

Data presented as mean values + standard deviation; M= male; F=
female; kg= kilogram; m=meters; BMI= Body Mass Index; H&Y= Mod-
ified Hoehn & Yahr scale; UPDRS= Unified Parkinson's Disease Rating
Scale; ADL: activities of daily living; BesTest= Balance Evaluation Sys-
tems Test; MMSE: Mini-Mental State Examination; PD= Parkinson's
disease; mg= milligram; PCG= physiotherapy plus cognitive training
group; PG= physiotherapy group; P<0,05 = no significant differences
between groups.

Table 2 - Intergroup comparasion of balance outcome according to BESTest.

-0.34)]. In PG, a significant difference was observed in the
total score [pre vs. post (ES =-0.35)].

Adverse effects

No adverse effects were reported throughout the
treatment in both groups.

Discussion

The results of our study confirm that physiotherapy
plus cognitive training (PCG) is not superior, for the out-
come balance, compared to the isolated motor physiother-
apy (PG). Considering the time effect, both interventions
showed benefits on balance, motor signs and symptoms of
PD and activities of daily living. In the evaluation after the
follow-up, improvement in the activities of daily living
and balance were maintained in the PCG after the three
months of follow-up. Whereas, in PG, only the improve-
ment in balance was maintained.

Our choice to add cognitive training to motor physi-
cal therapy was based on the fact that balance is multi-
modal and requires the integration of several systems
(neuromuscular, cognitive, perceptual, sensory, environ-
ment, among others)’. So it is considered proactive, adap-
tive and based on prior experiences®>*°~*', which made
us think that cognitive training could positively impact
this outcome. In the consolidation of this idea, associa-
tions have been reported between postural instability/gait
disorders with global cognitive function, executive func-
tion (working memory and processing speed) and pho-
nemic''***. Regarding the best treatment indication,

A Post - pre A Follow up — pre A Follow up - post
PCG PG P PCG PG P PCG PG P
BESTest subsections score
(0-100%)
Section I 4.52 1.28 0.13 5.95 0.51 0,28 1.42(-3.80; -0.76 0.67
(-1.10;10.15) (-3.65;6.21) (-1.02;12.92) (-5.57;6.60) 6.66) (-5.66;4.12)
Section II 3.13 1.64 (-1.06; 0.97 4.25(0.15; 0.36 (-2.3; 024  1.11(-2.44; -1.28 (-4.52; 035
(-1.09;7.35) 4.36) 8.34) 3.08) 4.68) 1.96)
Section I1T 4.36 (-0.37, 4.06 (0.32; 0.85 5.35(0.61; 0.21 (-4.15;  0.22  0.99 (-0.86; -3.84(-9.07; 0.06
9.10) 7.79) 10.10) 4.58) 2.85) 1.37)
Section IV 0.00 (-5; 5.01) 0.42 (-5.75; 0.96 0.39 (-4.84; 342 (-1.45; 053 0.39(-3.01; 2.99 (-1.27;  0.30
6.61) 5.63) 8.29) 3.81) 7.26)
Section V 0.95 (-0.20; 2.30(0.03; 041 -0.23 (-1.72; 2.05 (0.07; 0.07 -1.19(-2.42; -0.25(-2.33; 0.19
2.11) 4.58) 1.25) 4.03) 0.03) 1.82)
Section VI 3.41(0.13; -1.16 (-4.97, 0.02*  0.18(-3.23; -1.68 (-5.93; 045 -3.23(-6.41; -0.52(-4.21; 0.26
6.70) 2.64) 3.60) 2.56) -0.05) 3.16)
BESTest total score 2.74 (0.33; 1.48 (-0.69; 0.17 2.61(0.10; 0.82(-2.05; 037 -0.13(-1.54;  -0.66 (-2.63; 0.49
(0-100%) 5.15) 3.67) 5.12) 3.70) 1.28) 1.30)

Data presented as mean and confidence interval values. A= difference of means between post-pre, follow up-pre and follow up-post; BESTest= Balance
Evaluation Systems Test; Section I= Biomechanical constraints; Section II= Stability limits/Verticality; Section III= Anticipatory postural adjustments;
Section IV= Postural responses; Section V= Sensory orientation; Section VI= Stability in gait; PCG= physiotherapy plus cognitive training group; PG=
physiotherapy group. *P<0,05 (intergroup comparasion): post-pre.
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Time

Pre

Post

Follow up

P value

BESTest subsection score (0 - 100%)

Section I

Section IT

Section IIT

Section IV

Section V

Section VI

BesTest total score (0 - 100%)

PCG
PG
PCG
PG
PCG
PG
PCG
PG
PCG
PG
PCG
PG
PCG
PG

66.66 (54.99-86.66)
76.66 (46.66-84.99)
83.33 (71.42-90.47)
85.71 (71.42-89.28)
80.55 (73.60-94.44)
88.88 (73.60-98.61)
88.88 (77.77-100)
88.88 (77.77-100)
100 (94.99-100)
96.66 (93.33-100)
80.95 (71.42-85.71)
83.33 (71.42-89.28)
81.01 (76.85-90.27)
84.71 (77.31-89.81)

73.33 (60-80) *
80 (60-91.66)
85.71 (76.19-95.23)
85.71 (76.19-94.04)
88.88 (73.60-98.61)*
94.44 (77.77-100)
88.88 (79.16-100)
88.88 (77.77-100)
100 (100-100)
100 (93.33-100)*
85.71 (64.28-90.47)*
83.33 (71.42-85.71)
83.32(78.93-93.51)*
85.64 (80.08-91.66)

73.33 (66.66-86.66)"
80 (60-86.66)
85.71 (76.19-94.04)
85.71 (76.19-90.47)
88.88 (73.60-94.44) #
94.44 (73.60-100)
94.44 (77.77-100)
97.22 (77.77-100)
100 (94.99-100)
100 (100-100) #
83.33 (61.90-89.28) *
80.95 (71.42-90.47)
86.10 (73.31-92.35) *
87.49 (80.08-91.66)

0.02
0.93
0.30
0.41
0.04
0.10
0.89
0.37
0.13
0.03
0.05
0.53
0.05
0.60

Data presented as median and interquartile range. BESTest= Balance Evaluation Systems Test; Section I= Biomechanical constraints; Section II= Stability
limits/Verticality; Section III= Anticipatory postural adjustments; Section IV= Postural responses; Section V= Sensory orientation; Section VI= Stability
in gait; PCG= physiotherapy plus cognitive training group; PG= physiotherapy group. *P<0,05 (intragroup comparasion): pre versus post comparasion; *

P<0,05 (intragroup comparasion): pre versus follow up comparasion.
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however, the results available in the literature still remain
divergent: they point to beneficial effects for balance
either in essentially motor therapies or in cognitive-motor
therapies, both in individuals with PD and in healthy
elderly individuals'®!7-3137:44:45

We can mention some studies performed in indivi-
duals with PD, using motor interventions similar to the
one used in this study, such as the clinical trial conducted
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Graph 2 - Intragroup comparison of balance outcome according to
BESTest total score for Physiotherapy Group. Comparison intragroup
between the three moments: pre, post and follow up (after 3 months);
BESTest- Balance Evaluation Systems Test (total score).

by Santos et al.>', aiming to compare the effectiveness of
two essentially motor therapeutic programs for the out-
come balance (resistance exercises versus exercises with
an emphasis on postural control components)’'. In the
same sense, Conradsson and colleagues performed a clin-
ical trial comparing the intervention group (specific and
balance-challenging exercises) and the control group
(instructed to maintain their routine activities)'*. In both
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Table 4 - Data on UPDRS.

Pre Post Follow up P time P group P interaction
Domain II (score) PCG 10.58 +4.21 9.16 +4.15* 9.12 + 3.99* 0.004 0.507 0.95
PG 11.54 +4.70 10.04 £ 4.91 9.83 £5.39
Domain III (score) PCG 24 +9.07 21.16 £ 8.97* 21.29 £ 10.46 0.025 0.905 0.35
PG 22.87 +£8.90 20.04 +£7.76 22.54 +10.19
Total (score) PCG 34.58 +£12.20 30.33 + 12.06* 3041 £12.92 0.009 0.894 0.55
PG 3441 £ 12.16 30.08 £ 11.77* 3237 £14.51

Data presented as mean values + standard deviations. UPDRS= Unified Parkinson's Disease Rating Scale; Domain II= ADL: activities of daily living;
Domain III= Motor exam; PCG= physiotherapy plus cognitive training group; PG= physiotherapy group; *P<0,05, pre versus post; “P<0,05, pre versus

follow up.

studies, balance improved in the groups that were trained
with specific postural control exercises (essentially motor
treatment). On the other hand, Pompeu et al.'’, aiming to
associate cognitive and motor training, performed a clin-
ical trial comparing two interventions: control group (30
minutes of global physiotherapy exercises + 30 minutes of
balance training) and intervention group (30 minutes of
global physiotherapy exercises + 30 minutes of cognitive-
motor activities using Nintendo Wii Fit). As a result, both
groups achieved improvements in the ADL domain of
UPDRS, balance (Berg scale), one-leg stance time and
cognition (Montreal scale)'” In our study, we found simi-
lar results, with improvements in both PCG and PG in the
outcomes balance, and ADL domain of UPDRS.

Our hypothesis that the addition of cognitive to mo-
tor training would be more effective than isolated motor
training was not confirmed. In the functional evaluation of
balance, there was only a statistical difference between
groups when comparing the subsection VI — stability of
gait, however, the confidence interval values showed too
much variation. Concerning the time effect, our results
showed that: 1) there were improvements in PCG, in sec-
tions biomechanical restrictions, anticipatory postural
adjustments, stability in gait and total score while, in PG,
there was improvement only in the sensory orientation
domain of the BESTest; 2) for both groups, balance
improvement was maintained at the follow-up. There was
an improvement for both groups regarding balance, how-
ever, the time effect sizes were small for all the outcomes.
When comparing the studies available in the literature that
also used the BESTest as an assesment instrument, with a
methodological design similar to ours, we could observe
high scores for the individuals included in our study at
pre-intervention (superior to 80% for all sections except
for section biomechanical constraints, with a score of
66.66% PCG and 76.66% PG), which may have minimi-
zed the detection of improvement of the individuals in res-
ponse to the treatment. For example: Hagovska et al.*’
also performed cognitive-motor training compared to iso-
lated balance training in elderly with mild cognitive
impairment. They observed improvement in all domains
of BESTest for the cognitive-motor group, but the pre-

treatment domain scores in the experimental group were
lower than those found in our sample: 55% in section bio-
mechanical constraints; 82% in section stability limits/
verticality; 61% in section anticipatory postural adjust-
ments; 89% in section postural responses; 78% in section
sensory orientation; 70% in section stability in gait; 73%
in the total score®. Two other studies that also used the
BESTest, but in people with PD, obtained similar results
to those described by Hagovska, with a total score at pre-
intervention, for the experimental groups, of 76.6% in the
study by Wong-Yu and 74.1% in the Pompeu study’’"*°.
The participants' characteristics in the aforementioned stu-
dies were very similar to our individuals (age, time since
diagnosis, HY, UPDRS). The occurrence of high initial
scores in our population can be attributed to the fact that
these individuals belong to an outpatient clinic specializ-
ing in PD treatment and some of the participants have
already undergone prior treatments.

In our study, the only domain that differed from the
standard described above was sensory orientation, which
presented the highest scores found (median of 100% for
PCG and 96.66% for PG). Significant improvement in this
domain was found only in PG, although the initial score
was high (96.6%). In the attempt to understand this fact, a
qualitative analysis of the initial data of the study was car-
ried out in both groups, where we found that: at the start-
ing point of the study, 46% of PG versus 75% of PCG
reached a score of 100%, leaving PG more prone to treat-
ment responsiveness, although there was no statistically
significant difference between the groups at baseline.

Our secondary outcome was UPDRS. It was obser-
ved that there was no difference or interaction effects
between the groups. In the time effect, it was revealed
improvements for PCG in ADLs and motor domains, and
total score when the pre- and post-intervention moments
were compared, with improvement in the follow-up of the
sample for ADLs domain. The maintenance of the impro-
vement in ADL's after the follow-up clarifies that, possi-
bly, the of motor and cognitive stimuli has improved the
capacity to retain and transfer the use of information®’,

with positive repercussions for functional independen-
48-50
ce .



In the PG, improvements in the total UPDRS score
were also verified when the moments before and after the
intervention were compared. In addition, both groups pre-
sented clinical improvement, as a relevant clinical impro-
vement is stipulated as a difference of 3.5 points between
the post and pre-treatment.”’ In our case, this was estab-
lished by the decrease of 4.25 points for the PCG and 4.33
points for the PG in the total UPDRS score.

As strengths of our study, we can highlight: 1) the
proposed clinical trial is original in the literature in indivi-
duals with PD, 2) the innovation in the therapeutic
approach, complementing motor training with cognitive
training, 3) the length of the intervention (32 sessions), 3)
the follow-up of the population, 4) the characteristics of
the intervention program: direct, supervised, low cost and
with wide clinical applicability.

Some limitations of this study should be considered:
the balance evaluation method, despite being a valid
instrument, is not the gold standard to ensure the absence
of measurement bias; our results cannot be generalized for
individuals with more advanced staging, as individuals
were only included in the mild to moderate stages of the
disease and without cognitive deficits; individuals without
balance impairment (H&Y 1.5-2.5) were included, which
could limit the improvements; investigation about which
training delivers better effect on cognition should be done
considering other groups (control, cognitive, motor and
cognitive-motor groups); cognition was evaluated only by
the MMSE.

Several aspects related to balance and postural con-
trol in PD need to be better investigated. For example,
were the number of sessions or the weekly frequency
established in this study sufficient to change the motor
patterns negatively influenced by PD in the balance of
these individuals? Would the use of measures such as the
force platform converge with the results found? This study
points to the need for a larger number of researches inves-
tigating multimodal programs combining motor and cog-
nitive stimuli in order to test the benefits its therapeutic
benefits in individuals with PD. These results entail impli-
cations for the prescription of exercises in rehabilitation
programs when the goal of treatment is balance in indivi-
duals with PD, considering the broad clinical applicability
and low cost of the proposed treatment.

Conclusions

Physiotherapy plus cognitive training treatment was
not superior to motor treatment in individuals with PD.
Both groups showed improvement regarding motor symp-
toms and balance when the time effect was considered. In
the evaluation after the follow-up, improvements in activ-
ities of daily living and balance were maintained in PCG
after the three months of follow-up whereas, in PG, only
the improvement in balance was maintained.

Physiotherapy plus cognitive training in Parkinson's disease
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