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A B S T R A C T

Resistance training with instability (RTI) uses exercises with high motor complexity that impose high postural
control and cognitive demands that may be important for improving postural instability and fear of falling in
subjects with Parkinson’s disease (PD). Here, we hypothesized that: 1) RTI will be more effective than resistance
training (RT) in improving balance (Balance Evaluation Systems Test [BESTest] and overall stability index
[Biodex Balance System®]) and fear of falling (Falls Efficacy Scale-International [FES-I] score) of subjects with
Parkinson’s disease (PD); and 2) changes in BESTest and FES-I after RTI will be associated with changes in
cognitive function (Montreal Cognitive Assessment [MoCA] score – previously published) induced by RTI.
Thirty-nine subjects with moderate PD were randomly assigned to a nonexercising control, RT, and RTI groups.
While RT and RTI groups performed progressive RT twice a week for 12 weeks, the RTI group added progressive
unstable devices to increase motor complexity of the resistance exercises. There were significant group× time
interactions for BESTest, overall stability index, and FES-I scores (P < 0.05). Only RTI improved BESTest,
overall stability index and FES-I scores, and RTI was more effective than RT in improving biomechanical con-
straints and stability in gait (BESTest sections) at post-training (P < 0.05). There were strong correlations be-
tween relative changes in BESTest and MoCA (r= 0.72, P=0.005), and FES-I and MoCA (r=−0.75,
P=0.003) after RTI. Due to the increased motor complexity in RTI, RTI is recommended for improving balance
and fear of falling, which are associated with improvement in cognitive function of PD.

1. Introduction

Postural instability, which is one of the most debilitating motor
symptoms for subjects with Parkinson’s disease (PD), increases the
prevalence of falls [1,2] and is associated with increased fear of falling
[3,4]. Postural instability and fear of falling can lead to decreased
mobility, physical activity avoidance, and social isolation, [4–7] re-
sulting in reduced quality of life [8]. Despite being effective for bra-
dykinesia, rigidity, and to some extent tremor, levodopa therapy and
deep brain stimulation do not have a clear therapeutic effect on

postural instability [9–11]. Thus, interventions able to mitigate postural
instability and fear of falling in subjects with PD are needed.

Progressive resistance training (RT) is an effective intervention to
improve bradykinesia [12,13] and muscle strength in subjects with PD
[14–16]. Reductions in muscle strength increase the risk of falls in PD
[2] and are negatively associated with postural impairments [17,18]
and fear of falling [3]. Therefore, RT-induced strength gains may im-
prove both postural control and fear of falling in PD. Some studies have
reported similar improvements in postural control when comparing RT
and balance training [19,20] and weak evidence that RT is more
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beneficial than balance training on postural control [21]. On the other
hand, it has been suggested that combining RT with balance or task-
specific functional training may be more effective to improve postural
control than RT alone in subjects with PD [14].

Recently, we found that compared to RT alone, RT performed on
unstable devices (Resistance Training with Instability [RTI]) improved
clinical (i.e., mobility, motor signs, cognitive function, and quality of
life) [22], neuromuscular [23], and spinal inhibitory mechanisms out-
comes [24] in subjects with PD. RTI requires not only muscle strength
but also postural control while performing resistance exercises with
unstable devices (e.g., BOSU® and balance disc) due to the concomitant
and progressive increases in load/resistance and degree of instability
over time (i.e., high motor complexity) [22], which may impose a
greater challenge to postural control and higher cognitive demand than
RT alone. Taken together, we hypothesized that RTI would be more
effective than RT to improve balance and fear of falling of these sub-
jects. In addition, it has been showed that cognitive function has a
strong association with postural instability/gait disturbance [25] and
gait performance parameters [26], suggesting that improvements in
cognition may also positively affect balance, and as a consequence
decrease the fear of falling. As we have previously demonstrated that
RTI improved cognitive function in subjects with PD [22], we hy-
pothesized that changes in cognition induced by RTI can be associated
with changes in balance and fear of falling; however, these hypotheses
require further testing.

Therefore, the purposes of this randomized controlled trial were: a)
to compare the effects of RT and RTI on balance and fear of falling in
moderate subjects with PD; and b) to examine the association between
the changes in balance and fear of falling and the changes in cognitive
function previously published [22].

2. Methods

2.1. Subjects

All of the subjects with PD were recruited from the Brazil Parkinson
Association. The diagnosis of idiopathic PD was confirmed by a
movement disorders specialist in accordance with UK Parkinson’s
Disease Society Brain Bank diagnostic criteria [27]. Eligibility criteria
were: I) Hoehn and Yahr stage between 2 and 3, II) stable medication,
III) age between 50 and 80 years, IV) not being engaged in any exercise
training (e.g., aerobic and/or resistance training) in the past three years,
V) not presenting with a neurological disorder other than PD, VI) not
having significant arthritis, cardiovascular disease, and cognitive im-
pairment by Mini-Mental State Examination (score< 23) [28]. The
University’s Ethical Committee (approval number – 2011/12) approved
the experimental procedures associated with the present trial, which
was registered at the National Clinical Trial (www.ensaiosclinicos.gov.
br; RBR-53S3RK). Subjects signed an informed consent form after being
fully informed of experimental procedures involved in the present
study.

2.2. Procedures

We conducted the instability resistance training trial in PD (IRTT-PD
[prospective, single center, parallel-group, randomized controlled
trial]) between March 2013 and September 2014. Importantly, balance
and fear of falling are secondary outcomes of our IRTT-PD study. The
primary outcome measures have been previously published [22]. Sub-
jects were assessed in the clinically “on” state (fully medicated) within
1.5 to 2 h of taking their morning dose of dopaminergic drugs. Balance,
body stability, fear of falling, cognitive function, and lower limb force
production capacity were assessed at baseline and at the end of ex-
perimental period (i.e., 12 weeks), in the same order and at the same
time of day (in the morning). A physical therapist, masked to the ex-
perimental design, assessed balance, fear of falling and cognitive

function indices on two consecutive days. On the first day, the cognitive
function outcome (Montreal Cognitive Assessment [MoCA]) was as-
sessed. On the second day, balance was assessed using both the Balance
Evaluation Systems Test (BESTest), and the Biodex Balance System® (i.e.
overall stability index), and fear of falling was assessed using the Falls
Efficacy Scale-International (FES-I). BESTest was chosen as a clinical
balance outcome because this test is widely used in clinical practice,
valid, reliable, low cost, and assess several underlying systems involved
in balance control [29,30]. Overall stability index estimated by the
Biodex Balance System® was chosen as a laboratory-based measure of
balance, due to its high reliability and validity for an aged matched
healthy population[31]. FES-I was selected as an index of fear of falling
because it has the highest reliability index among the available tests
used for subjects with PD [32]. Following, maximum ballistic voluntary
isometric contraction (MBVIC) tests of the knee extensor and plantar
flexor muscles of the most affected leg were performed to assess
changes in peak torque [23]. Finally, subjects were classified into
quartiles based on their timed-up-and-go test score. Subjects from each
quartile were randomly assigned to the non-exercising control group
(C), RT group, or RTI group [22].

2.3. Outcome measures

BESTest is comprised of 36 items grouped into six sections as follow:
(I) biomechanical constraints, (II) stability limits/verticality, (III) an-
ticipatory postural adjustments, (IV) reactive postural responses, (V)
sensory orientation, and (VI) stability in gait. Total BESTest (BESTest
total) score is obtained by dividing the actual score by the maximum
score (i.e., 108 points) and, then multiplying by 100. Individual section
scores are obtained in a similar fashion. The closer the score to the
maximum score the better is one’s balance [29]. The BESTest total score
and the BESTest sections scores were used for analysis.

Biodex Balance System® (Biodex®, Inc., Shirley, NY, USA) is com-
prised of a movable balance platform that provides up to 20° of surface
tilt in a 360° arc of motion. Subjects followed the complete fall risk
protocol suggested by the Biodex Balance System®, which is consisted of
12 dynamic stability levels being level 12 the most rigid and level 1 the
most unstable. The main outcome measure is the overall stability index
that represents the total variance of the platform displacement (ante-
rior/posterior and medial/lateral stability index), measured in degrees,
with higher scores indicating worse postural stability [33,34]. The
formula (OSI= [(∑(0− Y)2+ ∑(0− X)2 ·number of samples−1)]^0.5),
where Y and X represent the degree of platform tilt in the sagittal and
frontal planes respectively, was used to calculate the overall stability
index. Subjects performed three attempts and the average value of these
attempts was used for analysis.

Subjects answered how concerned they were about the fear of
falling if they had to perform 16 different activities. Responses were
provided using a four-point scale (not at all, somewhat, fairly, or very
concerned). Test score ranges from 16 to 64 (higher=worse) [32]. The
FES-I score was used for analysis.

MoCA was used to assess changes in cognitive function from pre- to
post-training [35–37]. The assessment was conducted in a quiet room
without distractions by a physical therapist trained in the administra-
tion of the MoCA questionnaire. MoCA’s maximum score is 30 and a
score of ≤25 indicates mild cognitive impairment [38,39]. A point was
added to the total score for individuals with 12 or fewer years of edu-
cation. MoCA assesses seven cognitive domains, such as visuo-spatial
and executive functions (5 points), naming (3 points), attention (6
points), language (3 points), abstraction (2 points), delayed recall (5
points), and orientation (6 points). The compound MoCA score was
used for further analyses [35–37].

Peak torque of knee extensors and plantaflexors were assessed using
Biodex System 4, Biomedical Systems®, Newark, CA, USA as described
previously [23]. In brief, subjects were seated in the isokinetic dy-
namometer chair in an upright position. Following, they performed a
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specific warm-up on the dynamometer, which consisted of 3–4 sub-
maximal isometric contractions (50% MBVIC) separated by 60 s rest
intervals. After warm-up, subjects were asked to perform 5–7 pro-
gressive MBVICs of 5 s duration, with 2min rest between them. Subjects
were instructed to produce torque as fast as possible (MBVIC), hold at
maximal torque for 2 s, and then relax. Peak torque values of knee
extensors and plantarflexors muscles were used for statistical analysis.

2.4. Interventions

Details of the RT and RTI protocols used in the IRTT-PD study have
been published elsewhere [22]. In short, the C group did not perform
any exercise training, but participated in bingo games and PD

associated lectures once a week for 60min at the Brazil Parkinson As-
sociation for 12 weeks. Both RT and RTI groups trained twice a week
(non-consecutive days) for 12 weeks (24 training sessions). Training
load progressed from high-volume low-intensity to low-volume high-
intensity loads in an attempt to maximize training adaptations over the
training period [40]. RT and RTI consisted of conventional lower limb
(i.e., half-squat, plantar flexion, and leg-press) and upper limb (la-
tissimus dorsi pulldown and chest press) resistance exercises. For the
RTI group, the degree of instability of the instability devices used when
performing the exercises also increased throughout the experimental
period (i.e., from the least to the most unstable devices) [22]. An un-
stable device was changed to a more unstable one whenever subjects
decreased body sway considerably (i.e. ability to balance the body on

Fig. 1. The CONSORT diagram of the study. RT= resistance training, RTI= resistance training with instability group.
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the device, without presenting large excursions of the center of mass in
the anteroposterior and mediolateral axes – visual inspection) and force
production increased abruptly while performing the selected resistance
exercises. If subjects were unable to increase training load due to the
greater instability of the new unstable device, training load from the
session prior to changing devices was used. Unstable devices (i.e., bal-
ance pad, dyna discs, balance discs, BOSU, and Swiss ball) were placed
between the bases of support of subject (i.e., the body area responsible
for sustaining most of his/her body weight and/or on the point of force
application) and each resistance exercise [22]. Two researchers mon-
itored all of the training sessions.

2.5. Statistical analysis

Initially, data were analyzed for normality (Shapiro-Wilk) and the
presence of outliers (Box-plots). Subsequently, a mixed model was
performed for each outcome (BESTest total score, BESTest section
scores, overall stability index, FES-I score, MoCA score, peak torque of
knee extensors and plantaflexors) having group (C, RT, and RTI) and
time (pre and post) as fixed factors, and subjects with PD as a random
factor [41]. Whenever a significant F-value was obtained, a post-hoc
test with a Tukey’s adjustment was performed. Within-group (pre – to
post – changes) and between-groups (post – changes) ES were calcu-
lated using Cohen’s d [42] for each outcome. ESs were classified as
small (ES≤ 0.49), medium (ES 0.50–0.79), and large (ES≥ 0.80).
Person product-moment correlation was implemented to determine the
relationship between the relative changes in BESTest total score and the
relative changes in FES-I score. Correlations between the relative
changes in BESTest total score, BESTest section scores, and FES-I scores,
and relative changes in MoCA score were also estimated. As multiple
correlations were estimated, a Bonferroni correction was implemented
to decrease type I error rates (P≤ 0.005·number of correlations−1). The
significance level was set at P≤ 0.05.Results are expressed as
mean ± SD. SAS 9.2®software (Institute Inc., Cary, NC, USA) was used
to perform the statistical analyses. We also calculated the minimal de-
tectable change (MDC95=1.96× √2× standard error of measure-
ment) using data from the C group (pre and post). Minimal detectable
change is the minimal change in a dependent variable between two
points in time that indicates a true statistical change beyond random
measurement error [43].

3. Results

3.1. Subjects characteristics

Ninety-one subjects volunteered to participate in this study and
signed the written consent. Thirty subjects did not fulfill inclusion cri-
teria (significant arthritis and cardiovascular disease) and 15 had fa-
mily problems that precluded their participation. Thus, 46 subjects
performed baseline testing, but one had back pain, one died, and 5 did
not want to continue in the study. Thus, 39 subjects, 13 in each group,
comprised the final sample (Fig. 1). The characteristics of the subjects
with PD are presented in Table 1. There were no between-groups dif-
ferences in demographic, anthropometric, and clinical characteristics at
baseline (P > 0.05).

3.2. BESTest total score

At pre-training there were no between-group differences in the
BESTest total score (P > 0.05). There was a significant group× time
interaction for BESTest total score (F [2,36] = 47.28, P < 0.0001). The
RTI group significantly increased the BESTest total score at post-
training (mean difference [MD]= 18%; 95% confidence interval
[CI]= 12.7 to 23.4; P < 0.001; ES=1.04) while the RT group showed
no significant changes (MD=2.9%; CI=−2.4 to 8.2; P=0.579;
ES= 0.24). The C group decreased BESTest total score at post-training

(MD=−6.0%; CI=−11.4 to −0.7; P=0.018; ES=−0.25). Post
hoc analysis revealed that RTI obtained significantly higher BESTest
total score than C group at post-training (MD=15.9%; CI= 0.2 to
31.5; P < 0.0001; ES= 1.23) (Table 2). Importantly, the minimal
detectable change of BESTest total score obtained from C group, using
pre- and post-test results, was 6.4%.

3.3. BESTest section

At pre-training there were no between-group differences in any of
the BESTest sections (P > 0.05). There were significant group× time
interactions for the following BESTest section scores at post-training:
biomechanical constraints (F [2,36] = 43.19, P < 0.001), limits of sta-
bility/verticality (F [2,36] = 12.00, P < 0.001), anticipatory postural
adjustments (F [2,36]= 12.15, P < 0.001), reactive postural responses
(F [2,36]= 12.00, P < 0.002), and stability in gait (F [2,36] = 34.21,
P < 0.001). The RTI group significantly improved biomechanical
constraints (MD=39.4%; CI= 29.5 to 49.3; P=0.001; ES=2.09),
limits of stability/verticality (MD=21.5%; CI= 10.8 to 32.3;
P < 0.001; ES= 0.97), anticipatory postural adjustments
(MD=14.1%; CI= 5.7 to 22.4; P=0.002; ES=0.72), and stability in
gait (MD=27.1%; CI= 17.1 to 36.6; P < 0.001; ES=1.51) while the
C group worsened the reactive postural responses (MD=−5.9%;
CI=−11.3 to −0.5; P=0.021; ES=−0.36), from pre- to post-
training assessments. The RT group showed no significant changes at
post-training (P > 0.05). Post hoc analysis revealed higher BESTest
section scores for the RTI group than C group at post-training: bio-
mechanical constraints (MD=33.3%; CI= 9.9 to 56.6; P=0.016;
ES= 1.43), limits of stability/verticality (MD=26.1%; CI= 2.0 to
49.9; P=0.026; ES=0.99), and anticipatory postural adjustments
(MD=20.9%; CI= 0.1 to 41.9; P=0.050; ES=1.07). Post hoc ana-
lysis also revealed significant higher BESTest section scores for the RTI
when compared to RT at post-training: biomechanical constraints
(MD=29.2%; CI= 5.8 to 52.5; P=0.007; ES=1.55) and stability in
gait (MD=21.9%; CI= 0.6 to 43.6; P=0.041; ES=0.97) (Table 2).

Table 1
Demographic, anthropometrical, and clinical values of the patients with Parkinson’s
disease by group at baseline. Mean ± SD.

C (n= 13) RT (n=13) RTI (n= 13)

Demographic
Men/women (number) 9/4 10/3 10/3
Age (years) 64.2 ± 8.3 64.1 ± 9.1 64.2 ± 10.6
Educational level (years) 8.7 ± 2.1 8.5 ± 2.5 8.1 ± 3.1
Anthropometrical
Body mass (kg) 69.2 ± 11.4 70.8 ± 10.1 71.3 ± 8.2
Height (cm) 1.69 ± 0.1 1.68 ± 0.2 1.69 ± 0.2
Body mass index (kg/m2) 24.3 ± 3.8 25.5 ± 5.2 25.0 ± 3.0

Clinical
Mini-Mental State

Examination (score)
28.5 ± 1.8 28.5 ± 1.9 28.8 ± 1.7

Range 25–30 25–30 24–30
Years since diagnosis

(years)
10.7 ± 6.1 9.6 ± 3.9 10.5 ± 4.1

Range 5–20 6–20 5–18
Hoehn and Yahr staging

scale (a.u)
2.5 ± 0.4 2.5 ± 0.5 2.5 ± 0.4

2 5 7 4
2.5 4 0 4
3 4 6 5

UPDRS-III (range= 0–108) 43.4 ± 8.6 43.7 ± 13.4 45.1 ± 8.2
Range 29.2–57.7 20–60.2 32.5–59.7
L-Dopa equivalent units

(mg day−1)
796.7 ± 151.3 835.8 ± 287.0 875.9 ± 223.4

Range 666–1082 466–1257 507–1174

C= control group; RT= resistance training group; RTI= resistance training with in-
stability group; UPDRS-III =Unified Parkinson's Disease Rating Scale part III motor sub-
scale.
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3.4. Overall stability index

At pre-training there were no between-group differences in the
overall stability index (P > 0.05). There was a significant
group× time interaction for the overall stability index (F
[2,36] = 28.60, P < 0.001). The RTI group significantly decreased the
overall stability index after training (MD=−1.3°; IC=−1.8 to −0.9;
P < 0.001; ES=−1.46) while both RT (MD=−0.3°; IC=−0.1 to
0.7; P=0.275; ES=−0.30) and C groups (MD=−0.1°; IC=−0.6 to
0.2; P=0.787; ES=−0.25) showed no significant changes at post-
training. Post hoc analysis revealed that RTI presented significantly
lower overall stability index than C group at post-training
(MD=−1.2°; IC=−2.3 to −0.1; P=0.014; ES=−1.18) (Table 2).

3.5. FES-I total score

At pre-training there were no between-group differences in the FES-I
score (P > 0.05). There was a significant group× time interaction for
FES-I score (F [2,36]= 11.32, P=0.002). The RTI group significantly
decreased FES-I scores after training (MD=−3.3 score; CI=−6.0 to
−0.5; P=0.001; ES=−0.54) while both RT (MD=−1.9 score;
CI= 4.6 to −0.8; P=0.315; ES=−0.17) and C groups (MD=2.6
score; CI=−0.1 to 5.3; P=0.073; ES=0.34) showed no significant
changes at post-training. Post hoc analysis revealed no between-group
differences in FES-I score at post-training (P > 0.05) (Table 2).

3.6. MoCA score

A significant group× time interaction was observed for the com-
pound MoCA scores (F [2,36] = 41.00, P < 0.0001). The RTI group
significantly decreased compound MoCA scores at post-training
(MD=6.0 score; CI= 4.2 to 7.7; P < 0.001; ES= 1.90) while the RT
group (MD=0.4 score; CI: −2.2 to 1.2; P=0.996; ES= 0.11) and the
C group (MD=−1.1 score; CI=−2.8 to 0.6; P=0.446; ES=0.19)
presented no significant changes. Compound MoCA scores for the RTI
were greater than scores for the C groups at post training (MD=−5.2
score; CI=−10.4 to 0.01; P=0.050; ES=0.80) (Table 2). Results
previously published [22].

3.7. Peak torque of knee extensors and plantarflexors

A significant group× time interaction was observed for knee ex-
tensors (F [2,36] = 14.92, P=0.001) and plantarflexors (F

[2,36] = 47.91, P < 0.0001) peak torque. Knee extensors and plantar-
flexors peak torque increased significantly in the RT (MD=34.7 Nm;
CI= 17.8 to 51.7; P < 0.0001; ES=1.39 and MD=28.8 Nm;
CI= 16.5 to 41.1; P < 0.0001; ES=1.16, respectively) and RTI
groups (MD=34.5 Nm; CI= 17.5 to 51.4; P < 0.0001; ES= 1.14 and
MD=50.4 Nm; CI= 32.2 to 78.7; P < 0.0001; ES=2.05, respec-
tively) at post-training. In addition, between-group differences were
observed at post-training. Peak torque values of knee extensors were
greater in the RT (MD=41.2 Nm; CI= 3.9 to 78.5; P < 0.0001;
ES= 1.27) and RTI groups (MD=39.0 Nm; CI= 1.7 to 76.3;
P < 0.0001; ES= 1.21) than C group. Similarly, peak torque values of
plantarflexors were also greater in the RT (MD=32.9 Nm; CI= 3.8 to
61.9; P < 0.0001; ES= 1.43) and RTI groups (MD=25.1 Nm;
CI= 29.0 to 87.0; P < 0.0001; ES=2.53) than C group (Table 2).
Results previously published [23].

3.8. Correlations

The RTI group presented strong and significant correlations be-
tween the relative changes in MoCA score and the relative changes in
the following outcomes (Table 3): BESTest total score (Fig. 2A), BESTest
anticipatory postural adjustments section (Fig. 2B), and FES-I score

Table 2
Balance, fear of falling, cognitive function, and peak torque outcomes in the pre- and post-training assessments for each group of subjects with Parkinson's disease (mean ± SD).

Outcomes C (n=13) RT (n= 13) RTI (n= 13)

Pre-training Post-training Pre-training Post-training Pre-training Post-training

BESTest total score (%) 75.9 ± 13.3 71.9 ± 13.5a 76.3 ± 12.2 79.2 ± 14.2 73.6 ± 17.4 91.8 ± 8.7a,b

BESTest section
I. Biomechanical constraints (%) 63.1 ± 22.9 61.0 ± 26.7 56.9 ± 22.5 65.1 ± 20.7 54.9 ± 20.4 94.4 ± 8.0a,b,c

II. Limits of stability/verticality (%) 73.6 ± 26.1 73.3 ± 26.6 79.9 ± 17.3 80.6 ± 18.0 77.7 ± 22.9 99.3 ± 1.5a,b

III. Anticipatory postural adjustments (%) 80.3 ± 19.2 75.6 ± 18.7 81.2 ± 18.6 81.6 ± 19.7 82.5 ± 20.6 96.6 ± 10.5a,b

IV. Reactive postural responses (%) 83.3 ± 16.7 77.4 ± 20.0* 94.4 ± 10.6 94.9 ± 10.6 81.6 ± 22.8 82.1 ± 21.9
V. Sensory orientation (%) 70.3 ± 23.8 70.3 ± 22.5 85.6 ± 15.8 86.2 ± 16.8 82.6 ± 18.9 88.2 ± 14.1
VI. Stability in gait (%) 81.0 ± 18.3 71.8 ± 15.3 60.1 ± 16.9 67.4 ± 22.8 62.3 ± 15.9 89.4 ± 18.3a,c

Overall stability index (°) 2.3 ± 0.8 2.5 ± 1.1 2.4 ± 1.1 2.0 ± 1.1 2.6 ± 0.9 1.3 ± 0.4a,c

FES-I (score) 32.6 ± 7.7 35.2 ± 8.3 31.8 ± 11.5 29.9 ± 12.3 33.2 ± 6.1 29.8 ± 7.2a

MoCA (score) 22.7 ± 5.7 21.6 ± 6.5 21.8 ± 4.3 22.2 ± 3.0 20.8 ± 3.2 26.8 ± 2.4a,b

Peak torque of knee extensors (Nm) 76.5 ± 32.6 73.4 ± 32.4 79.8 ± 25.0 114.6 ± 24.5a,b 77.9 ± 30.2 112.4 ± 41.7a,b

Peak torque of plantarflexors (Nm) 51.1 ± 24.2 45.6 ± 23.0 49.6 ± 24.9 78.5 ± 26.6a,b 53.2 ± 24.6 103.7 ± 24.1a,b

C=Control; RT=Resistance Training; RTI=Resistance Training with Instability.
a Different from pre-training values (P≤ 0.05).
b Different from post-training values of the C group (P≤ 0.05).
c Different from post-training values of the RT group (P≤ 0.05).

Table 3
Correlations between relative changes in balance and cognitive function, and correlations
between relative changes in fear of falling and cognitive function for each group of
training of subjects with Parkinson's disease.

Outcomes RT (n= 13) RTI (n= 13)

MoCA (%) MoCA (%)

r P value r P value

BESTest total score (%) 0.188 0.537 0.726 0.005a

BESTest section
I. Biomechanical constraints (%) 0.069 0.822 0.124 0.684
II. Limits of stability/verticality (%) 0.280 0.353 0.673 0.011
III. Anticipatory postural adjustments (%) 0.078 0.799 0.816 0.000a

IV. Reactive postural responses (%) 0.078 0.799 0.673 0.011
V. Sensory orientation (%) 0.078 0.799 0.469 0.105
VI. Stability in gait (%) 0.534 0.060 0.163 0.593

Overall stability index (%) −0.105 0.730 −0.037 0.904
FES-I (%) −0.176 0.563 −0.752 0.003a

RT=Resistance Training; RTI=Resistance Training with Instability.
a Significant correlation (P≤ 0.005).
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(Fig. 2C). However, no significant correlations were found for the RT
group (Table 3).

3.9. Adverse effects and attendance

No adverse effects were reported during the trial. Attendance to the
protocol was high for both training groups (23.6 ± 0.5 sessions (98%)
for RT and 23.3 ± 0.7 sessions (97%) for RTI).

4. Discussion

This randomized controlled trial showed that only RTI improved
BESTest score (total score and most section scores) and FES-I score
producing medium to large ESs and it was more effective than RT in
improving some BESTest section scores (biomechanical constraints and
stability in gait) (Table 2) confirmed by large ES values. In addition,
there were strong associations between BESTest and MoCA changes and
between FES-I and MoCA changes, respectively, after RTI.

The positive effects of RTI on postural control observed herein can
be therapeutically beneficial to subjects with PD. The improvement in
BESTest score after RTI (i.e., mean difference – 18.2%) was approxi-
mately 1.8 greater than the minimal detectable change (smallest dif-
ference in individual scores that represents true change beyond random
measurement error) of 6.4% points on BESTest score observed in the C
group of the present study. Importantly, we estimated the minimal
detectable change of BESTest using the data from C group because there
are no available data for subjects with PD. BESTest was designed to test
balance control, which is very complex and involves several different
underlying systems responsible for functional balance [29]. RTI im-
proved most of the BESTest sections, such as biomechanical constraints,
limits of stability/verticality, anticipatory postural adjustments, and
stability in gait. Furthermore, differences between RTI and RT groups at
post-training were observed for biomechanical constraints and stability
in gait section (Table 2).

Neuromuscular constraints on biomechanical systems, such as ankle
or hip weakness and flexed postural alignment, limit the ability of
subjects with PD to use the ankle strategy or compensatory steps to
recover balance after, for instance, tripping [44,45]. We have demon-
strated that RTI not only improved force production capacity (i.e., peak
torque and rate of torque development) of the plantarflexors and knee
extensors (Table 2) but also anticipatory postural adjustments and
limits of stability/verticality, which may have positively affected the
flexed postural alignment of subjects with PD. Thus, RTI seems to im-
prove both flexed postural alignment and muscle weakness, inducing
the required adaptations to improve biomechanical constraint scores
observed herein; whereas RT increased only muscle strength, which
was not sufficient to improve the biomechanical constraints. Regarding
stability in gait, poor dynamic balance during gait seems to be due to
impaired coordination between spinal locomotor and brain-stem pos-
tural sensorimotor programs [46]. Presynaptic inhibition is a powerful
spinal mechanism associated with poor mobility and postural instability
in PD [47]. We have also demonstrated that RTI was more effective
than RT in causing plastic changes in the presynaptic inhibitory
pathway [24], which may have contributed to improve postural in-
stability in subjects with PD and stability in gait observed herein. Thus,
progression in instability and load (i.e., RTI) can be deemed as more
effective than progression in load only (i.e., RT) to improve subjects
with PD’ postural control. This concept received additional support
from two recent meta-analyses showing no significant improvements in
postural control following RT in subjects with PD [14,48].

Regarding fear of falling, the additional challenge of RTI over RT in
controlling the position of the body’s center of mass while performing
resistance exercises may have decreased subjects’ fear of falling. This
suggestion is supported by reduction in FES-I values displayed on
Table 2 for RTI. Previous studies have also demonstrated improvement
in FES-I score in subjects with PD only after a challenging balance
training [49]. Taking together, these findings support the notion that
challenging training is necessary to improve the fear of falling. The
questions identified in FES-I are not just limited to basic daily activities
at home but also contain social activities usually performed in different
environments. After RTI, subjects may become more confident in bal-
ance demanding tasks, such as walking in a crowded place or on a
slippery or uneven surface. As walking ability is a major contributor to
fear of falling in individuals with PD [50] it is possible that the im-
provement in stability in gait after RTI may also have contributed to

Fig. 2. Scatter plot and regression line between the relative changes in Montreal
Cognitive Assessment (MoCA) and the relative changes in the scores of following out-
comes: Balance Evaluation Systems Test (BESTest – A panel), anticipatory postural ad-
justments (B panel), and Falls Efficacy Scale-International (FES-I – C panel) for the re-
sistance training with instability group.
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decrease the fear of falling.
It is important to highlight that RTI has been shown to produce

significant changes in MoCA score as previously published [22]. Studies
have demonstrated that cognitive function has a high association with
postural instability/gait disturbance [25] and gait performance para-
meters [26]. In the present study, we found significant correlations
between relative changes in BESTest total score, BESTest anticipatory
postural adjustments section, and FES-I scores, and relative changes in
MoCA score. Cognitive dysfunction is a common non-motor feature of
PD that contributes to reduced quality of life [51] and increased risk for
disability and mortality [52,53]. Deficits in global cognitive function
besides other cognitive domains (e.g., executive function memory, vi-
suospatial processing, and phonemic fluency) were associated with
deficits in posture and gait [25,26]. It has been suggested that cognitive
deficits exacerbate and may even cause gait/balance impairment and
increase the risk of falling, especially during more challenging situa-
tions [54]. Moreover, prefrontal lobe dysfunction has been linked to
motor disability in subjects with PD [54–56]. Thus, the improvement in
MoCA score previously reported after RTI may have contributed to the
improvements in postural instability and fear of falling observed herein.
In this sense, RTI emerges as an appealing adjunct therapeutic approach
for PD, as it imposes high challenge to postural control and cognitive
demand, which can be responsible for improving balance and fear of
falling. Accordingly, it has been suggested that multimodality inter-
ventions, combining motor and cognitive therapies, should be in-
corporated into clinical practice to enable older adults and subjects to
move safer and with a reduced fall risk [54].

4.1. Study limitations

The present study has some limitations. First, even though the
present study presented robust changes in balance and fear of falling
after RTI than after RT, the sample size of the present trial was small
(13 subjects per group); thus, a larger randomized controlled clinical
trial is needed to validate the reported benefits of the RTI on balance
and fear of falling. Second, subjects were assessed in the clinically on
state of their medication cycle, which reflects their typical state during
daily life but may not reflect their true disease state. Third, it was not
possible to observe the carryover effects of RTI on outcome at follow-up
interval after the 12 weeks. Fourth, one may consider that having a
standard instability training group could help determining if RTI effects
observed herein were due to the combination of strength and balance
training, or if balance training per se would be sufficient to produce
similar adaptations. This suggestion was based on the findings that Tai
Chi training was more effective than RT to improve balance impair-
ments in PD patients [57] and there is weak evidence that RT is more
beneficial than balance training on postural control [21]. However, this
group would be a second “positive control group” as in our original trial
RT group was considered as a “positive control”. Accordingly, there is
evidence that RT improves off medication motor signs, cognitive im-
pairment, physical function, muscle strength, and quality of life
[16,58,59]. Thus, additional trials are required to determine if RTI-in-
duced benefits were due to the combination of strength and balance
training, or only to the balance component of RTI.

4.2. Conclusions

This randomized controlled trial strongly supports the use of an
innovative exercise intervention with high motor complexity (RTI) to
improve balance and fear of falling in subjects with PD that are strongly
associated with improvements in cognitive function.
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