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Purpose: Bradykinesia and muscle weaknesses are common symptoms of Parkinson’s

Disease (PD) and are associated with impaired functional performance, increased risk of

falls, and reduced quality of life. Recent studies have pointed to progressive resistance

training (PRT) as an effective method to control and reduce these symptoms, increasing

possibilities to treat the disease. However, few studies have focused on assessing the PRT

effects in the short-term. Therefore, the present study aimed to assess the short-term PRT

effects on people with PD, in order to offer new parameters for a better understanding of its

effects, so as an adequation and PRT use as a complementary therapy.

Patients and Methods: Forty individuals diagnosed with PD from stage 1 to 3 on the

Hoehn and Yahr scale took part on the study and were allocated into 2 groups; Training

Group (TG) performed a 9-week RT program twice a week, and the Control Group (CG)

attended disease lectures. Bradykinesia UPDRS subscale (BSS), knee extensors isokinetic

strength, Ten Meters Walk Test (TMW), Timed Up&Go Test (TUG) and 30-Second Chair

Stand (T30) were measured before and after the intervention period. Statistical significance

was set at p ≤ 0.05.

Results: Significant time was noted by the group interaction for all functional tests (TUG,

T30, and TWM; all p < 0.01) and BSS (p < 0.01). Post hoc analyses revealed that these

differences were driven by significant improvements in these dependent variables (all p <

0.01) while the CG remained unchanged (all p > 0.05). Moreover, TUG, T30, TWM, and

BSS were significantly different between TG and CG in the post-training assessments (all p <

0.01). Isokinetic muscle strength was slightly increased in the TG (2.4%) and decreased in

the CG (−2.2%), but statistical analyses did not reach significance for interaction but only a

trend (p = 0.12).

Conclusion: The results indicate that 9 weeks of PRT reduces bradykinesia and

improves functional performance in patients with mild to moderate PD. These findings

reinforce this mode of exercise as an important component of public health promotion

programs for PD.
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Introduction
Parkinson’s disease (PD) is one of the most prevalent neurodegenerative diseases in

the world, with an annual incidence of 4.5 to 19 cases per 100,000 population.1

People with PD develop motor, cognitive and behavioral deficits, besides executive

function losses, which progressively reduce their functional independence, and

drive them to a substantial decrease in quality of life.2–4
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The PD pathophysiology is characterized by selective

dopaminergic neuronal death, located in the substantia

nigra, on the midbrain, which leads to dopamine levels

reduction, an important neurotransmitter of neural

modulation.5 As a result, occur a thalamus tonic inhibition

and an excitatory drive decrease to the motor cortex6,7

which leads to disturbances in the muscles cortical

activation.8–10 Consequently, the development of cardinal

PD symptoms is observed, including tremor, postural

instability, muscle stiffness, and bradykinesia,11–18 which

is considered the most disabling disease symptoms.16,19,20

Muscle weakness has also been reported as an important PD

symptom, and it is related to bradykinesia, because they

share common pathophysiological mechanisms,12,13,21,22

also being responsible for a functional performance

decrease.13,16,23

The PD traditional therapeutic approach includes

Levodopa (main dopaminergic medication), dopaminergic

agonists, catechol-O-methyltransferase inhibitors and non-

dopaminergic agents.18,24,25 However, their prolonged use

is associated with severe side effects and gradual efficacy

loss.26,27

On the other hand, complementary therapies have been

tested and there is a strong consensus that physical exercise,

especially resistance training (RT), is beneficial to PD,

because RT prevents the disease development,29 reduce

symptoms,30–33 slow down the disease progression,34–36

by improving the functional performance and the autonomy

of individuals affected by the disease.17,37–39

A key element to understand the DP training resistance

benefit is in his neuronal benefit. This intervention’s model

shows up as a solution to reduce the bradykinesia,12,13,22,40

main effect of dopaminergic med ication, which produces

improvements in brain connectivity, muscle activation, and

functional performance.41,42 Furthermore, it is a new field

of study, and it’s still not totally clear, how bradykinesia

may be affected by exercise.

In a recent study, David et al, (2016), did a 24-month

of progressive resistance training (PRT) intervention and

the bradykinesia was reduced. They also demonstrated that

the reduction was mediated by changes in certain elements

related to symptoms, such as the pattern of muscle activa-

tion, muscle strength, and the connectivity of the basal

ganglia regions.

These results are promising, once exercise and espe-

cially PRT seem to promote changes similar to those

provided by dopaminergic medication.13 If those changes

also occur quickly, that could reduce medication dosages

since the diagnostic stage. Therefore, a question shows up;

whether changes in bradykinesia may also occur in the

short term interventions using PRT, consistent with the

improvement in functional performance. If that hypothesis

is confirmed, an important development field of therapeu-

tic approaches can be opened, allowing the introduction of

this dynamic and high-intensity method, in the early stages

of PD treatment.

Wherefore, the present study aims to assess the effects

of PRT during 9 weeks on muscle strength, functional

capacity, motor symptoms, and bradykinesia on indivi-

duals with PD.

Methods
Participants
Patients diagnosed with PD according to Parkinson’s UK

Brain Bank criteria43 and Hoehn & Yahr stage 1–344 were

recruited from the local health system. Volunteers

enrolled in the study underwent neurologist evaluation

to ensure PD diagnosis and to confirm the disease stage.

The inclusion criteria were as follows: neurologist con-

firmed Hoehn and Yahr stages, between 50 and 80 years

old, no cognitive impairment as assessed by the Mini

Mental State Examination (MMSE), where the cut-off

points for inclusion were > 24 points for literate indivi-

duals and > 19 for non-literate individuals, and attested to

participate in the RT program. Volunteers were excluded

if they were diagnosed with any other neurological dis-

ease, with cardiovascular disease, hematologic or ortho-

pedic disorders; with motor fluctuations or severe

dyskinesia that could affect their ability to perform the

experimental protocol. Moreover, participants who did

not reach the minimum frequency of 75% or missed 3

consecutive training sessions were excluded from

analyses.

The patients’ recruitment flowchart is detailed and

illustrated in Figure 1. Briefly, after exclusion criteria

were applied, 62 patients underwent baseline assessments

and were allocated through simple randomization in two

possible groups: Control Group (CG, n=31) and Training

Group (TG, n=31). A total of 17 participants abandoned

the study referring to transportation issues, familiar pro-

blems, treatment not related to PD, or took part in another

treatment program. Another 5 participants did not com-

plete all the final assessments. Thus, the TG and CG were

finally composed of 25 and 15 participants, respectively.

All assessments and training were conducted under
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PD-related medication effects, which were kept unchanged

during the stusdy. Age, gender, PD Hoehn and Yahr stage,

time of diagnosis, level of physical activity, education

level and employment status were carefully recorded. Of

note, all outcomes assessments were conducted by a

researcher who was blind to subjects’ group allocation.

Standard procedures were used to measure weight with

0.1 kg precision on a digital balance beam scale, and

height was measured at the nearest 0.1 cm with a wall

stadiometer. Body mass index (BMI) was derived as body

weight divided by height squared (kg/m2).

This study was conducted according to the Code of

Ethics of The World Medical Association. Study proce-

dures were explained to all participants who signed a

consent form. The study protocol was approved by the

Institutional Research Ethics Committee at the University

of Brasilia under protocol number 034/11.

Functional Performance
The present study adopted three commonly used tests

recommended for patients with PD.45 Ten Meters Walk

Test (TMW) to assess gait speed (m/s). So, participants

were instructed to walk as fast as they could for a 16-meter

course without obstacles. Only the time related to the

central 10 meters was recorded; the initial and final 3

meters were not considered for analyses. Three measure-

ments were recorded with a two-minute resting interval

between each other; the mean value was converted into

meters per second (m/s); the Timed Up & Go Test (TUG)

to assess functional mobility.46 Briefly, participants had to

rise from a chair, walk 3 meters, turn around a cone, walk

back to the chair and sit down. The chair was standardized

with 46 cm high. The mean value in seconds of three

measurement trials was entered for analyses. Of note,

each participant had one familiarization trial as an attempt

Figure 1 Participants selectionand styudy progess.
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to avoid learning effects and ensure that volunteers under-

stood the instructions.47 For the thirty-second chair stand

test (T30), each participant had to sit in a standardized

chair with the hands on the opposite shoulder crossed at

the wrists, feet flat on the floor, and back straight. By the

“Go” sign, patients had to rise to a full standing position

and sit back down again as fast as they could for 30

seconds. Participants performed the test once and the

total number of repetitions was considered for analysis.

Bradykinesia
Motor examination with Unified Parkinson’s Disease

Rating Scale (UPDRS), section III, was used as a measure

of Bradykinesia. The following items of Bradykinesia

subscale (BSS) were examined: 23 (finger taps), 24

(hands movement), 25 (rapid alternating movements of

hands), 26 (leg agility) and 31 (body bradykinesia and

hypokinesia). Each sub-item is scored from 0 to 4 where

higher scores correspond to greater severity.48,49 A single

trained neurologist conducted all the evaluations.

Isokinetic Muscle Strength
Right knee extensor isokinetic peak torque was evalu-

ated using the Biodex System 3 dynamometer (Biodex

Medical System, Shirley, NY). Before testing, partici-

pants performed a familiarization session of 10 repeti-

tions at 120 degrees/second.50 After a full explanation

of the procedures, participants were seated on the

dynamometer, which was carefully adjusted, and the

rotational axis of the dynamometer arm was oriented

with the lateral epicondyle of the participant’s dominant

femur. Velcro belts were used at the thigh, pelvis, and

trunk to avoid compensatory movements. Gravity cor-

rection was obtained by measuring the torque exerted on

the dynamometer with the limb in a relaxed state. The

testing protocol consisted of two sets of four knee

extensor contractions at 60 degrees/second with a one-

minute rest between sets. The recorded value was the

single muscle contraction that elicited the highest peak

torque throughout the protocol, which is expressed in

absolute values (Nm) as well as relative to body weight

(Nm/kg). Participants were asked to perform the move-

ment with their maximal strength and verbal encourage-

ment was offered by the examiner. The equipment

calibration was performed according to the manufac-

turer’s specifications before every testing session.

Resistance Training Program
The TG performed the 9-weeks PRT program using weight

machines (Rotech Fitness Equipment, Brazil). Before the

training period, participants underwent familiarization ses-

sions during three weeks with a total of six familiarization

sessions to ensure proper technique execution. The proto-

col aimed to work out major muscle groups and involved

the following exercises: chest press, knee extension, ham-

strings curl, leg press, and seated row. Training sessions

lasted approximately 50–60 mins with 2 sets of 10–12

repetitions until fatigue. Every time a participant per-

formed more than 12 repetitions, the weight was adjusted

to maintain established repetitions range. All training ses-

sions were carried out in the PRT training room of

University and were under the supervision of proficient

professionals. Participants who did not complete at least

75% of the training sessions were excluded from analyses.

The CG attended an orientation program with lectures on

health, quality of life and scientific update on PD, and

were instructed to not modify their habitual routine.

Statistical Analysis
The sample characterization data were analyzed by

descriptive statistics and normality of dependent variables

tested by Shapiro Wilk’s test. An independent sample test

was used to examine possible baseline differences between

groups for age, weight, height, BMI and years of diagno-

sis. Chi-squared was performed to test the baseline differ-

ences in categorical variables. The effects of RT on

dependent variables were analyzed using time x group

ANOVA, where the within-subjects factors were the pre

and post values and the between fixed factor was group

(TG and CG). When a significant time was observed by

the interaction group, the Bonferroni post-hoc test was

performed. Wilcoxon’s test was used for T30 because the

data were not normally distributed. Cohen´s effect size

was calculated for each dependent variables comparison.

Data were considered significant at P < 0.05 and statistical

analyses were performed using the Statistical Package for

the Social Sciences 20.0 software (SPSS, Chicago, IL).

Data are expressed as means ± Standard Error unless

otherwise noted.

Results
Table 1 presents the patient’s characteristics for both

groups (TG and CG). No significant differences were

observed between groups for age, weight, height, BMI
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and years of PD diagnosis. All patients were at Hoehn and

Yahr stages from I to III. Moreover, chi-squared tests

revealed no differences between groups for Hoehn and

Yahr stage, gender, physical activity level or education

level. Also, patients’ medication profiles were similar at

baseline and remained unchanged throughout the study

period.

Table 2 shows mean values and standard errors of

isokinetic muscle strength, bradykinesia, and functional

performance before and after the training period in both

groups (ie, TG and CG). Significant time by group inter-

action was noted for all the functional tests (TUG, T30,

and TWM; all p < 0.01) and BSS (p < 0.01). Post hoc

analyses revealed that these differences were driven by

significant increases in the TG (all p < 0.05) while CG

remained unchanged (all p > 0.05). About TUG, it was

noted a significant decrease in the TG (p < 0.01) without

changes in the CG. As a consequence of these observa-

tions, TUG, T30, TWM, and BSS were all significantly

different between TG and CG in the post-training assess-

ments (all p < 0.01). Although isokinetic muscle strength

was slightly increased in the TG (2.9%) and decreased in

the CG (−2.9%), statistical analyses were not significant

on interaction but just present a trend (p = 0.12). The

effect size for each dependent variable is presented in

Table 3. While medium effect sizes were observed for

TUG, T30, and TWM, a large effect size was noted for

BSS, all in the TG. Neither isokinetic muscle strength in

the TG nor any variable in the CG showed considerable

effect size.

Discussion
The findings of the present study confirmed the hypothesis

that 9 weeks of PRT reduces bradykinesia in people with

mild to moderate PD. More specifically, improvements in

functional performance were observed in common day-to-

day locomotor activity, such as walking, turning, sitting,

rising and walking speed. These findings are relevant, once

maintaining the autonomy and improvement of functional

capacity has been considered the most important goal of

PD interventions. Actually, some interventions focused on

functional capacity rehabilitation with physical exercise

and motor training has been recommended, but its effi-

ciency still remains uncertain. Allen et al, (2001), per-

formed a meta-analysis on the effects of different

intervention models that used physical activity on the

balance and functional capacity of individuals with DP

and noted modest gains overall. However, he suggested

that the intensity factor may lead to more expressive

results. This factor has been relevant, especially in inter-

ventions that use resistance training, where intensity can

be easily monitored and modulated.54,55 For example,

Scandalis et al, (2001) showed that a simple resistive

exercise program increased gait speed in persons with

PD, at the end of the 8-week study. Dibble et al, (2006),

observed the increase in strength, concomitant to an

Table 1 Patients Characteristics According to Group

Variable Training Group Control Group

N 25 15

Male/Female 20/5 10/5

Age (years) 64.7 ± 1.8 64.4 ± 3.7

Weight (Kg) 74.5 ± 2.5 79.0 ± 5.4

Height (m) 1.65 ± 0.02 1.67 ± 0.02

BMI (Kg/m2) 27.5 ± 0.8 27.8 ± 1.7

Years of PD diagnosis 5.7 ± 0.8 7.2 ± 1.9

Note: Values are expressed as means ± Standard Error.

Abbreviations: BMI, Body Mass Index; PD, Parkinson’s Disease.

Table 2 Mean Values and Standard Error for Isokinetic Muscle Strength, Bradykinesia, and Functional Performance Before and After

the Training Period

Variables Training Group Control Group

Pre Post Δ% Pre Post Δ%

T30 (reps)$ 13.1 ± 0.8 16.4 ± 1.0*,# 25.2 12.3 ± 1.3 10.3 ± 1.6 −16.2

TUG (s)$ 9.2 ± 0.5 7.4 ± 0.4*, # −20.3 9.3 ± 0.9 10.0 ± 0.7 7.9

TWM (m/s)$ 1.7 ± 0.2 2.0 ± 0.3*, # 21.0 1.7 ± 0.4 1.7 ± 0.3 −0.8

PT (N∙m) 142.9 ± 7.3 147.1 ± 7.7 2.9 139.9 ± 10.7 135.8 ± 11.2 −2.9

PT (N∙m/kg) 1.9 ± 0.1 2.0 ± 0.1 2.4 1.8 ± 0.1 1.8 ± 0.2 −2.2

BSS (score)$ 16.6 ± 0.9 8.4 ± 0.9*, # −49.6 17.0 ± 1.3 17.5 ± 1.3 3.2

Notes: Values are expressed as means ± Standard Errors. $Significant time by group interaction (p < 0.05). *Significantly different in relation to baseline (p < 0.05).
#Significantly different in relation to control group post (0.05).

Abbreviations: T30, 30-second Chair-Stand Test; TUG, Timed Up & Go; TMW, Ten Meters Walk Test; PT, Peak Torque; BSS, Bradykinesia subscale.
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increase in the walking speed and speed up stairs, after 12

weeks of the intervention of high-intensity TR. Therefore,

resistance training has been highlighted as adjunctive ther-

apy in PD16 and the increase in strength has been con-

sidered a key element for developing functional capacity

during the disease.54–57

However, in the present study, the increase of functional

capacity occurred without significant changes in strength,

nevertheless concomitant with the reduction of bradykine-

sia. Improvements in muscle strength depend as much on

the neural improvement as on structural changes in muscle

tissue58,59 that can occur in different timeframes of up to 8

weeks in healthy people,58 but possibly longer-term in

individuals with PD, as some authors have shown52,53,60.

In the present study, we did not monitor the muscle quantity

and quality of the individuals assessed, although, it is

believed that changes in muscle morphology of individuals

with PD are affected by the neurodegenerative

condition.61,62

The results of the present study can be better explained

by the recent findings of David et al 2016, which demon-

strated that PD force is only one of the underlying brady-

kinesia elements, a symptom considered the main

responsible for motor deficits observed in the disease. In

the study of David et al 2016, it was observed that after 24

months of PRT, in individuals with mild to moderate PD,

there was a significant diminish on bradykinesia with an

increase in muscle strength, as well as improvements on

the three-phase pattern of activation of agonist and antago-

nist muscles and reduction in agonist/antagonist co-con-

traction. The study also concluded that 55% of

bradykinesia reduction was related to changes in muscle

strength and activation, both changes were identified as

underlying the bradykinesia. However, most of the brady-

kinesia reduction (45%), which could not be explained by

the peripheral changes, was attributed to improved con-

nectivity of the upper centers, especially the basal ganglia

region.

Based on these findings, it is believed that the signifi-

cant increase in functional capacity and reduction of motor

symptoms observed in the present study were mediated by

bradykinesia reduction, through changes in many elements

underlying the symptom, and to a lesser scale by force,

which presented a non-significant increase. Note that,

given the relatively short-term of the present intervention

and the absence of significant increase in strength, it can

be reinforced at the notes of David et al,12,21. that most of

the reduction in bradykinesia might be mediated by

changes in the connectivity of superior centers and

improvements in muscle activation, with the addition that

these changes may occur in the short-term.

Unfortunately, force performance at higher speeds was

not monitored. The weakness during PD has been asso-

ciated with the pathophysiology of bradykinesia, and

mainly affected at higher speeds. As we observed a reduc-

tion of bradykinesia it is possible that at high speeds, the

force has increased substantially.

In functional magnetic resonance analysis, it was estab-

lished that hypoactivity between the basal ganglia and

motor cortex resulting from dopamine secretion deficits

are closely related to bradykinesia,11 resulting in distur-

bances on muscle activation.8–10 These alterations, cause

the cortical activation of the PD people’s muscles to have

a distinct pattern from the three-phase pattern presented by

healthy individuals.18 In healthy individuals, a first agonist

firing of greater intensity and duration is followed by an

antagonist firing to slow the muscle and a new antagonist

firing to fix the limb at the movement end. In individuals

with PD, there is an increase in the number of neural

triggers in the acceleration phase of low magnitude

movements,18,63,64 consequently, individuals with PD have

slower movements and smaller amplitudes. One of the main

benefits to the functional performance provided by dopa-

mine-based antiparkinsonian medication is its ability to

adjust the three-phase pattern of muscle activation consis-

tent with a reduction in bradykinesia and an improvement in

functional performance,42 due to increased availability of

the neurotransmitter in the affected regions.

The David et al (2016) study showed that PRT pro-

vides adjustments in the three-phase pattern of muscle

activation as important as observed in medication use,

and the present study reinforces its evidence that central

and peripheral neural changes may be mediated by PRT

Table 3 Effect Size for Each Dependent Variable According to

Group Allocation

Variables Effect Size

TG CG

T30 (reps) 0.413 0.098

TUG (s) 0.420 0.03

TWM (m/s) 0.493 0.001

PT (N∙m) 0.072 0.035

PT (N∙m/kg) 0.035 0.013

BSS (score) 0.901 0.017

Abbreviations: T30, 30-second Chair-Stand Test; TUG, Timed Up&Go; TMW, Ten

Meters Walk Test; PT, Peak Torque; BSS, Bradykinesia subscale.
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and add that these changes occur in a magnitude capable

of affect functional performance. There is still much to

understand about the neural, central and peripheral effects

of PRT in PD. However, it can be established that moder-

ate to high-intensity exercise can mediate neurobiological

responses such as neurogenesis, angiogenesis, and synap-

togenesis, affecting plasticity and promoting the better

performance of neural centers affected by PD.65–68

Another important element concerns the increase in dopa-

mine secretion in affected regions,69–71 in addition to

increased efficacy of antiparkinsonian medication due to

increase dopamine transit through the blood-brain barrier,

expanded sensitivity to dopamine, and stimulation of

dopamine synthesis.72 Further studies should be conducted

to fill the gaps on the effects and uses of PRT on PD and

its mechanisms, and thus consolidate as a complementary

treatment method, therefore the current scenario indicates

a broad field for therapeutic progress disease and for the

improvement on the PD individuals quality of life.

Conclusion
The present study highlights the PRT importance on the

adjunctive PD treatment, due to its efficacy in promoting

improvements in the disease motor symptoms with a few

weeks of intervention. The significant effects on bradyki-

nesia, without an increase in muscle strength, suggest that

the intervention promoted neural enhancements in a short-

term, to substantially improve the functional performance

of trained individuals. If the hypothesis is confirmed, the

prospects for PRT therapy in PD will be broadened, as

neurophysiological adjustments in the upper centers. And

muscle activation resulting from this intervention type,

added to the medication effects, may provide a scenario

for the PRT use in PD, for example, enabling modulation

of lower medication dosages, preserving patients for more

time from the side effects of pharmacological intervention.

In this sense, interventions with PRT are suggested to be

used from initial stages of treatment as a complementary

therapy to the medication use.
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