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Abstract: Background: The Chilean population has experienced increased longevity in recent decades,
leading to an increased incidence of and mortality from neurodegenerative diseases such as Parkin-
son’s disease (PD). PD is a chronic degenerative condition that affects the central nervous system. The
main objective of this research is to evaluate the effect of 12-week programs of tonic, isometric, and
isometric/vibratory muscular strength training while controlling the manipulation of the intensity
variable on motor and non-motor symptomatology in PD patients. The secondary objective is to
assess the levels of muscular strength in PD patients and their relationship with motor and non-motor
symptomatology. Methods: A parallel-group, randomized trial will randomly assign (n = 34) people
of both sexes with Parkinson’s disease between stages I–III Hoehn and Yahr (H&Y), aged between
50 and 70 years to one of the experimental groups, in which they will undergo a total of 24 strength
training sessions during 12 weeks. During the intervention period, the participants will be advised
not to undertake additional exercise programs, to avoid substances that may disrupt metabolism
and circadian cycles, and to maintain their medication regimen. The primary or motor evaluation of
rest tremor will be performed with an accelerometer (Actigraphy), balance with the Mini-BESTest
balance test, gait speed with the Ten Meters Walk Test, and non-motor symptomatology through
anxiety, depression (MDS-UPDRS), and quality of life (PDQ-39) questionnaires. The Secondary
evaluation of muscle strength will be performed with a functional electromechanical dynamometer.
Discussion: Established as a hypothesis is that manipulating intensity variables in 12-week tonic,
isometric, and isometric/vibratory muscle strength training programs has an effect on motor and
non-motor symptomatology in people with Parkinson’s disease. The research will establish the extent
to which controlled muscular strength training has an effect on relevant factors related to motor and
non-motor symptomatology.
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1. Introduction

In recent decades, the Chilean population has experienced an increase in longevity,
which has translated into a higher prevalence of neurodegenerative diseases such as Parkin-
son’s disease [1]. Reports indicate that, between 1990 and 2016, deaths attributed to
Parkinson’s disease (PD) increased by 16.5%, reaching a prevalence rate of 19.9%, making
Chile the Latin American country with the highest increase in PD prevalence [2]. PD is
a chronic degenerative [3], multisystem pathology that affects the central nervous sys-
tem and is caused by the loss of dopaminergic neurons in the substantia nigra compacta
of the basal ganglia in the midbrain [4], leading to a decrease in dopamine levels, neu-
rovegetative disturbances [5], and motor control impairments [6]. Common symptoms
experienced by individuals with PD include resting tremor [7], bradykinesia, joint stiffness,
postural instability [8], gait disturbances [9], and reduced functional performance [10].
Non-motor symptoms associated with PD include sleep dysfunction, psychiatric disorders,
gastrointestinal disturbances, and autonomic dysfunction [11], which have been defined
as non-motor disorders associated with the disease [12]. There is sufficient evidence of
the positive effects of physical activity and training programs in people with Parkinson’s
disease (PD), with reported improvements in overall health and a decrease in motor and
non-motor symptomatology associated with the disease [13].

Muscular strength training is one of the strategies used to increase physical activity
levels in PD patients [14–18]. The adaptations resulting from a strength training program
significantly depend on the manipulation of variables such as the intervention program’s
duration, weekly frequency, volume (number of sets and repetitions), training duration,
exercises performed, and intensity (load displaced, generally expressed relative to the
subject’s maximal force value) [19]. Recent studies have shown that, regardless of how
strength training programs are structured, positive effects on motor symptomatology in PD
patients occur [9,20–23]. However, the limited number of studies and high variability in
the manipulation of strength training program variables, as well as the lack of control over
performance variables and exercise intensity, do not allow for the determination of which
performance variables associated with muscular strength training have the most significant
impact on the changes induced due to this type of training in individuals with PD.

This hinders individualized exercise prescription to reduce motor and non-motor symp-
tomatology. The main objective of this research is to analyze the effect of 12-week programs
of tonic, isometric, and isometric/vibratory muscle strength training while controlling the
manipulation of the intensity variable of motor and non-motor symptomatology with people
with Parkinson’s disease. The secondary objective is to assess the levels of muscular strength
in PD patients and their relationship with motor and non-motor symptomatology.

Hypothesis: Manipulating intensity variables in 12-week tonic, isometric, and iso-
metric/vibratory muscle strength training programs will affect motor and non-motor
symptomatology in people with Parkinson’s disease.

2. Materials and Methods
2.1. Design and Protocol Registration

A randomized, parallel-group trial was registered in the RBR-7p32sbb registry on
3 January 2024, before participant enrollment.

2.2. Eligibility Criteria

Participants eligible for the study must meet the following criteria at the time of
randomization:

• Individuals of both sexes with a diagnosis of PD aged between 50 and 70 years, in
stages I–III according to the Hoehn and Yahr classification.

• Authorized by their treating physician to participate in the intervention program.
• Medication-controlled.
• Capable of following verbal instructions and having motor autonomy.
• Mini-mental examination score greater than 24 points [4].
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• Signed informed consent form to participate in the study.

2.3. Exclusion Criteria

• Participants with adherence below 80% to the different types of intervention sessions
will not be included in the results analysis.

• People with orthopedic disabilities or other neurological conditions.

2.4. Sample Size

The total number of participants (n = 28) is based on a moderate effect size of 0.25,
a significance level of 0.05, and a power of 0.80. With a dropout rate of 20% considered,
the final sample size was calculated to be 34 subjects using the G* power 3.0 statistical
software [23].

2.5. Randomization, Allocation, and Blinding

Subsequent to the initial evaluation, each of the participants will be randomly assigned
to the tonic exercise group (GET), isometric exercise group (GEI), or isometric vibratory
exercise group (GIV). Prior to participant recruitment, a blinded investigator will create a
simple computer-generated randomization sequence to allocate participants to any group
via the implementation of a publicly accessible official website designed for research
randomization (https://www.randomizer.org, accessed on 1 June 2024). The muscle
strength program assignments will be made individually in closed, numbered, dark, and
consecutive envelopes. An external evaluator will open the envelopes in front of the
participants to assign them to the experimental groups. Data analysts and primary outcome
assessors will be blinded to participant allocation. Due to the nature of the intervention
(supervised resistance exercise), the participants will be aware of the group to which they
are assigned. The flowchart of the protocol is detailed in Figure 1.
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2.6. Intention to Treat

At the end of the study, the participants will be offered post-experiment treatment with the
muscle training program that achieves the best effects on motor and non-motor symptoms.

2.7. Procedures

All patients who signed the consent form to participate in the study will be evaluated
by a specialized medical team to establish their initial health and physical condition. To
guarantee the confidentiality of patient information, all protocols will comply with Chile’s
Law 20.584 and the Helsinki guidelines [24] for human research.

2.8. Intervention

Throughout the intervention period, the participants will be advised to maintain their
lifestyle habits, avoid engaging in additional exercise programs, avoid substances that may
alter metabolism and circadian cycles, and maintain their medication in control during the
training program.

2.9. Experimental Groups

All muscular strength training protocols will adhere to the guidelines established
in the Consensus on Exercise Reporting Template (CERT). Participants assigned to the
intervention groups will perform 24 strength training sessions, each lasting 45–60 min.
The supervised training sessions will be led by physiotherapists specialized in strength
exercises for individuals with Parkinson’s disease. The training programs will be carried out
in a gym equipped for muscular strength training. Each exercise session will consist of three
phases: a warm-up phase, a development phase, and a cool-down or recovery phase. The
warm-up phase will last 15–20 min and will include 5 min of low-intensity aerobic exercise
(50–65% of heart rate reserve) on a stationary bike, 6 joint mobility exercises, and 2 core stability
exercises. The intensity will be adjusted to values between 5 and 7 on the Rating of Perceived
Exertion (RPE) scale [24]. In all programs, the same training volume will be maintained
(series × repetitions), and the intensity for the intervention of the tonic and isometric vibration
program will be progressive (50–70%) and isometric at 100%. The training load will be adjusted
by adjusting series and repetitions. The strength development phase will include 2 upper limb
pushing exercises, 2 upper limb pulling exercises, and 2 lower limb exercises, followed by a
cool-down phase. The exercises described in the three phases are presented in Table 1.

Table 1. Muscular strength training program *.

Exercises

Warm-Up Phase

Aerobic Part 5 min of low-intensity aerobic activity (50–65% HRR) on a
stationary bike or elliptical machine

Joint mobility sets and repetitions: 2 × 8
(performed in a seated position)

Cervical rotation, acromio-humeral rotation, lumbar
rotation, and flexion–extension coxofemoral rotation

Development Phase

Core stability exercises (4–5 RPE)

Pelvic tilt in a sitting position, abdominal bracing in a sitting
position with a fitball, abdominal bracing with a band in the

transversal plane, bird–dog, humeral rotation without
abduction in a sitting position

Resistance training (strength)

Bilateral seated bench, press unilateral isometric knee
extension in closed, kinetic chain at 90◦, unilateral open

kinetic chain knee extension, bilateral seat row, biceps curl,
triceps pushdown

Cool-Down Dynamic/static stretching of major muscle
groups, sets and repetitions: 1 × 12 Pectoralis major, dorsal width, quadriceps, hamstrings

HRR = heart rate reserve, RPE = Borg Rating of Perceived Exertion. * Note: Not all of these exercises will be
performed in the same session; this represents the spectrum of exercises that will be used over the course of the
training program.
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Table 2 summarizes the periodization of the resistance training program during the
development phase (12 weeks).

Table 2. Periodization of controlled resistance training programs with FEMD.

Muscle Strength Training Program: Tonic

Weeks 1 - 4 5 - 8 9 - 12

Intensity (1RM%) 50% 60% 70%
Sets 3 5 10

Repetition 10 6 3
Rest period (s) 60 36 18

Muscle strength training program: Isometric

Weeks 1 - 4 5 - 8 9 - 12

Intensity (1RM%) 100% 100% 100%
Sets 7 5 3

Repetition (s) 3 4.5 7
Rest period (s) 60 36 18

Muscle strength training program: Vibratory Isometric

Weeks 1 - 4 5 - 8 9 - 12

Intensity (1RM%) 50% 60% 70%
Sets 7 5 3

Repetition (s) 3 4.5 7
Rest period (s) 60 36 18

s: seconds; 1RM%: percentage of 1 repetition maximum.

2.10. Data Collection

Baseline week 0 (from 29 August to 12 September 2024), follow-up week 6 (from
2 October to 6 October 2024), and final week 13 (from 24 October to 7 November 2024)
assessments will be conducted at the Controlled Natural Movement Laboratory of the
Universidad Católica de la Santísima Concepción. Prior to the intervention, as well as
during and after the training programs (tonic, isometric, and isometric/vibratory), all
participants will be evaluated for motor symptoms (resting tremor, bradykinesia, balance,
and gait speed), non-motor symptoms (anxiety, depression, cognitive impairment, and
quality of life), and levels of muscular strength.

2.10.1. Motor Symptomatology Assessment Protocol

As a primary outcome measure, motor and non-motor symptomatology will be evalu-
ated. The primary outcome is considered clinically relevant (daily life) since it is essential
for individuals to carry out daily activities such as work, household chores, and dressing,
among many others.

Blinded researchers will assess the following motor symptomatology before and after
the familiarization period:

(a) Resting tremor: Actigraphy accelerometer [25] in a 5-trial test of 20 s duration. The Fast
Fourier Transform (FFT) will be calculated for the 15-s recording cutoff. The maximum
power and initial maximum amplitude domain of the FFT will be reported within the
limit of 1.5 to 9 Hz. From this signal, a quantity of the temblor will be extracted.

(b) Bradykinesia: A functional electromechanical dynamometer (FEMD) (Dynasystem
Research, SYMOTECH, Granada, Spain) [26,27] will measure the displacement speed
of the segment, with the seated biceps curl and unilateral leg extension at 30% of
1 RM.

(c) Balance: The Mini-BESTest balance test [22] will be used, which assesses static-
dynamic balance. The scale measures balance primarily with closed eyes, sitting,
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standing, performing a 360◦ turn, and a destabilizing stimulus, classifying the pa-
tient’s behavior based on points.

(d) Gait speed: The fast speed of the Ten Meter Walk Test (TMW) [9] will be used, which
measures the time in seconds that it takes a patient to run 10 m in a straight line.
Sports clothing and shoes will be requested. Photocells (WITTY, Microgate® Bolzano,
Italia) will be used to record speed, and a video camera will be used to record the step
length and gait cadence.

2.10.2. Non-Motor Symptomatology Assessment Protocol

Blinded researchers will assess non-motor symptoms by completing a questionnaire
in a personal interview after the familiarization period.

• Anxiety, depression, and cognitive impairment will be assessed using the MDS-UPDRS
questionnaire [28].

• Quality of life will be measured using the Parkinson’s Disease Questionnaire (PDQ-
39) [29].

2.10.3. Anthropometry and Body Composition

Body weight (kg) and body composition (including percentage of body fat, lean body
mass [kg], etc.) will be evaluated using a bioelectrical impedance device (InBody 120;
InBody Co., Ltd., Seoul, Republic of Korea), and height will be measured using a digital
stadiometer (Seca 202; Seca Ltd., Hamburg, Germany).

2.10.4. Muscle Strength Evaluation

Prior to, during, and after he strength intervention program, all participants will
undergo two familiarization sessions with the use of the FEMD and the exercises of the
three training programs. The activity will start with a standardized warm-up consisting of
two parts. The first part will involve activation through 5 min of static biking or walking.
The second part of the warm-up will consist of 4 sets of 10 repetitions with a load of 5–10%
of the participants’ body weight.

After the warm-up phase, the subjects will perform the maximum isometric strength
evaluation in 3 sets of 5 s (s) with a 3-min pause between measurements until reaching
the 1RM using the FEMD in 4 exercises: (a) a bilateral seated bench press with shoulder
abduction at 90◦ and elbow flexion at 90◦, (b) a bilateral seated row with shoulder abduction
at 90◦ and elbow flexion at 90◦, (c) a unilateral seated knee extension in an open kinetic
chain at 90◦ knee flexion, and (d) a functional test of sitting and standing from a chair in
30 s, as presented in Figure 2. The evaluation will be performed in 2 sessions one week
apart. Variables of maximum load, mean power, and strength will be recorded.
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2.11. Statistical Analysis

All data will be expressed as means and standard deviations. The distribution of the
data will be evaluated using the Shapiro–Wilk normality test. Statistical models will be
used, depending on the distribution of the data, to establish the differences between the
pre-test, intermediate evaluation, and post-test for each group with an ANOVA statistical
model of multiple comparisons if the distribution is parametric or the Friedman test if it
is nonparametric. The comparison between groups will be evaluated with a parametric
or non-parametric multivariate ANOVA model, as appropriate. In all calculations, a 95%
confidence interval will be used for a p-value < 0.05. The JASP statistical package will be
used in all cases.

3. Discussion

The purpose of this research is to evaluate the effect of 12-week muscular strength
training programs (tonic, isometric, and isometric/vibratory) while controlling the manip-
ulation of the intensity variable for motor and non-motor symptomatology in people with
Parkinson’s disease. The secondary objective is to assess changes in muscular strength
induced via the three training methods and their relationship with symptom changes.

Previous studies have published published protocols for strength training in people
with Parkinson’s disease [30,31]. Some of them have used elastic bands, series, weights,
self-loading, and strength machines; however, these protocols have presented great method-
ological variability in the assignment of the training load, which does not limit the repro-
ducibility and control of the variables that condition muscle strength training, such as
volume (set × repetitions), the rest time between series, the total training period, and the
intensity of the muscular strength exercise. The manipulation of each of these variables
must be adjusted independently, considering that the organization of each of them induces
different responses in intramuscular and intermuscular coordination in microstructure,
morphology, and neuromuscular metabolism [32]. This future research process will help
overcome this important problem by providing a detailed training prescription via control-
ling the performance variables associated with the objectively controlled evaluation and
manipulation of performance variables using an FEMD that is replicable and applicable in
clinical settings. The research will establish the extent to which controlled muscle strength
training has an effect on relevant factors related to motor and non-motor symptomatology
in PPD.

Limitations

The limitations that may arise in this research are related to problems in controlling
the participants’ typical daily activity levels.

Author Contributions: Conceptualization, O.A.-R. and D.U.-D.; methodology, G.M.-B.; software,
O.A.-R.; validation, F.G.-R. and L.-J.C.-R.; formal analysis, G.M.-B.; investigation, S.A.-S.; data
curation, P.A.-J.; writing—original draft preparation, O.A.-R.; writing—review and editing, O.A.-R.;
visualization, L.-J.C.-R.; supervision, L.-J.C.-R.; project administration, D.U.-D. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study will be carried out in accordance with the Declara-
tion of Helsinki, and it was approved by the Scientific Ethics Committee of Universidad Católica de
la Santísima Concepción (protocol code No. 22/2023 and 24 July approval date).

Informed Consent Statement: Not applicable.

Data Availability Statement: The dataset is available on request from the authors.

Conflicts of Interest: The authors declare no conflicts of interest.



Appl. Sci. 2024, 14, 5923 8 of 9

References
1. Erkkinen, M.; Kim, M.; Geschwind, M. Clinical Neurology and Epidemiology of the Major Neurodegenerative Diseases. Cold

Spring Harb. Perspect. Biol. 2018, 1, 1–44. [CrossRef] [PubMed]
2. Leiva, A.; Martinez-Sanguinetti, M.; Troncoso-Pantoja, C.; Nazar, G.; Petermann-Rocha, F.; Celis-Morales, C. Carta al editor Chile

lidera el ranking latinoamericano de prevalencia de enfermedad de Parkinson. Rev. Med. Chile. 2019, 147, 535–536. [CrossRef]
[PubMed]

3. Kang, K.W.; Choi, S.M.; Kim, B.C. Gender differences in motor and non-motor symptoms in early Parkinson disease. Medicine
2022, 101, e28643. [CrossRef] [PubMed]

4. Moraes, R.; Alves, W.; da Costa, M.G.; Lima, T.A.; Alves, G.; Alves Filho, P.; Pimentel, C.P.; Sousa, E.C.; Cortinhas-Alves, E.A. The
effect of resistance training on the anxiety symptoms and quality of life in elderly people with parkinson’s disease: A randomized
controlled trial. Arq. Neuro-Psiquiatr. 2018, 76, 499–506.

5. Linares-del Rey, M.; Vela-Desojo, L.; Cano-de la Cuerda, R. Mobile phone applications in Parkinson’s disease: A systematic
review. Neurologia 2019, 34, 38–54. [CrossRef] [PubMed]

6. Stuckenschneider, T.; Askew, C.D.; Menêses, A.L.; Baake, R.; Weber, J.; Schneider, S. The effect of different exercise modes on
domain-specific cognitive function in patients suffering from Parkinson’s disease: A systematic review of randomized controlled
trials. J. Park. Dis. 2019, 9, 73–95. [CrossRef]

7. Kadkhodaie, M.; Sharifnezhad, A.; Ebadi, S.; Marzban, S.; Habibi, S.A.; Ghaffari, A.; Forogh, B. Effect of eccentric-based
rehabilitation on hand tremor intensity in Parkinson disease. Neurol. Sci. 2020, 41, 637–643. [CrossRef] [PubMed]

8. Lee, A.; Gilbert, R.M. Epidemiology of Parkinson Disease. Neurol. Clin. 2016, 34, 955–965. [CrossRef] [PubMed]
9. Rafferty, M.R.; Prodoehl, J.; Robichaud, J.A.; David, F.J.; Poon, C.; Goelz, L.C.; Vaillancourt, D.E.; Kohrt, W.M.; Comella, C.L.;

Corcos, D.M. Effects of 2 Years of Exercise on Gait Impairment in People with Parkinson Disease: The PRET-PD Randomized
Trial. J. Neurol. Phys. Ther. 2017, 41, 21–30. [CrossRef]

10. Mu, J.; Chaudhuri, K.R.; Bielza, C.; de Pedro-Cuesta, J.; Larrañaga, P.; Martinez-Martin, P. Parkinson’s disease subtypes identified
from cluster analysis of motor and non-motor symptoms. Front. Aging Neurosci. 2017, 9, 1–10. [CrossRef]

11. Criciotoiu, O.; Stanca, D.I.; Glavan, D.G.; Bondari, S.; Malin, R.D.; Ciolofan, M.S.; Bunescu, M.G.; Romanescu, F.M.; Schenker, M.;
Georgescu, O.S.; et al. The relations between non-motor symptoms and motor symptoms in Parkinson disease. Rev. Chim. 2019,
70, 2652–2655. [CrossRef]

12. Chung, C.; Thilarajah, S.; Tan, D. Effectiveness of resistance training on muscle strength and physical function in people with
Parkinson’s disease: A systematic review and meta-analysis. Clin. Rehabil. 2016, 30, 11–23. [CrossRef] [PubMed]

13. Ni, M.; Signorile, J.F.; Mooney, K.; Balachandran, A.; Potiaumpai, M.; Luca, C.; Moore, J.G.; Kuenze, C.M.; Eltoukhy, M.; Perry,
A.C. Comparative Effect of Power Training and High-Speed Yoga on Motor Function in Older Patients with Parkinson Disease.
Arch. Phys. Med. Rehabil. 2016, 97, 345–354. [CrossRef] [PubMed]

14. de Lima, T.A.; Ferreira-Moraes, R.; Alves, W.M.G.d.C.; Alves, G.; Pimentel, C.P.; Sousa, E.C.; Abrahin, O.; Cortinhas-Alves, E.
Resistance training reduces depressive symptoms in elderly people with Parkinson disease: A controlled randomized study.
Scand. J. Med. Sci. Sports 2019, 29, 1957–1967. [CrossRef]

15. Lacio, M.; Vieira, J.G.; Trybulski, R.; Campos, Y.; Santana, D.; Filho, J.E.; Novaes, J.; Vianna, J.; Wilk, M. Effects of resistance
training performed with different loads in untrained and trained male adult individuals on maximal strength and muscle
hypertrophy: A systematic review. Int. J. Environ. Res. Public Health 2021, 18, 11237. [CrossRef] [PubMed]

16. Ortiz-Rubio, A.; Cabrera-Martos, I.; Torres-Sánchez, I.; Casilda-López, J.; López-López, L.; Valenza, M.C. Effects of a resistance
training program on balance and fatigue perception in patients with Parkinson’s disease: A randomized controlled trial. Med.
Clin. 2018, 15, 460–464. [CrossRef] [PubMed]

17. Ramazzina, I.; Bernazzoli, B.; Costantino, C. Systematic review on strength training in parkinson’s disease: An unsolved question.
Clin. Interv. Aging 2017, 12, 619–628. [CrossRef] [PubMed]

18. Santos, L.; Fernandez-Rio, J.; Winge, K.; Barragán-Pérez, B.; González-Gómez, L.; Rodríguez-Pérez, V.; González-Díez, V.; Lucía,
A.; Iglesias-Soler, E.; Dopico-Calvo, X.; et al. Effects of progressive resistance exercise in akinetic-rigid Parkinson’s disease patients:
A randomized controlled trial. Eur. J. Phys. Rehabil. Med. 2017, 53, 651–663. [CrossRef] [PubMed]

19. O’Riordan, C.; Clifford, A.; Van De Ven, P.; Nelson, J. Chronic Neck Pain and Exercise Interventions: Frequency, Intensity, Time,
and Type Principle. Arch. Phys. Med. Rehabil. 2014, 95, 770–783. [CrossRef]

20. Cherup, N.P.; Buskard, A.N.L.; Strand, K.L.; Roberson, K.B.; Michiels, E.R.; Kuhn, J.E.; Lopez, F.A.; Signorile, J.F. Power
vs. strength training to improve muscular strength, power, balance and functional movement in individuals diagnosed with
Parkinson’s disease. Exp. Gerontol. 2019, 128, 110740. [CrossRef]

21. Corcos, D.M.; Robichaud, J.A.; David, F.J.; Leurgans, S.E.; Vaillancourt, D.E.; Poon, C.; Rafferty, M.R.; Kohrt, W.M.; Comella,
C.L. A Two-Year Randomized Controlled Trial of Progressive Resistance Exercise for Parkinson’s Disease. Mov. Disord. 2013, 28,
1230–1240. [CrossRef] [PubMed]

22. Prodoehl, J.; Rafferty, M.R.; David, F.J.; Poon, C.; Vaillancourt, D.E.; Comella, C.L.; Leurgans, S.E.; Kohrt, W.M.; Corcos, D.M.;
Robichaud, J.A. Two-year exercise program improves physical function in Parkinson’s disease: The PRET-PD randomized clinical
trial. Neurorehabilit. Neural Repair 2015, 29, 112–122. [CrossRef] [PubMed]

https://doi.org/10.1101/cshperspect.a033118
https://www.ncbi.nlm.nih.gov/pubmed/28716886
https://doi.org/10.4067/S0034-98872019000400535
https://www.ncbi.nlm.nih.gov/pubmed/31344222
https://doi.org/10.1097/MD.0000000000028643
https://www.ncbi.nlm.nih.gov/pubmed/35060552
https://doi.org/10.1016/j.nrl.2017.03.006
https://www.ncbi.nlm.nih.gov/pubmed/28549757
https://doi.org/10.3233/JPD-181484
https://doi.org/10.1007/s10072-019-04106-9
https://www.ncbi.nlm.nih.gov/pubmed/31735996
https://doi.org/10.1016/j.ncl.2016.06.012
https://www.ncbi.nlm.nih.gov/pubmed/27720003
https://doi.org/10.1097/NPT.0000000000000163
https://doi.org/10.3389/fnagi.2017.00301
https://doi.org/10.37358/RC.19.7.7398
https://doi.org/10.1177/0269215515570381
https://www.ncbi.nlm.nih.gov/pubmed/25691582
https://doi.org/10.1016/j.apmr.2015.10.095
https://www.ncbi.nlm.nih.gov/pubmed/26546987
https://doi.org/10.1111/sms.13528
https://doi.org/10.3390/ijerph182111237
https://www.ncbi.nlm.nih.gov/pubmed/34769755
https://doi.org/10.1016/j.medcli.2017.10.022
https://www.ncbi.nlm.nih.gov/pubmed/29173985
https://doi.org/10.2147/CIA.S131903
https://www.ncbi.nlm.nih.gov/pubmed/28408811
https://doi.org/10.23736/S1973-9087.17.04572-5
https://www.ncbi.nlm.nih.gov/pubmed/28290191
https://doi.org/10.1016/j.apmr.2013.11.015
https://doi.org/10.1016/j.exger.2019.110740
https://doi.org/10.1002/mds.25380
https://www.ncbi.nlm.nih.gov/pubmed/23536417
https://doi.org/10.1177/1545968314539732
https://www.ncbi.nlm.nih.gov/pubmed/24961994


Appl. Sci. 2024, 14, 5923 9 of 9

23. Strand, K.; Cherup, N.; Totillo, M.; Castillo, D.; Gabor, N.; Signorile, J. Periodized Resistance Training with and without Functional
Training Improves Functional Capacity, Balance, and Strength in Parkinson’s Disease. J. Strength Cond. Res. 2021, 35, 1611–1619.
[CrossRef] [PubMed]

24. World Medical Association. World Medical Association Declaration of Helsinki: Ethical principles for medical research involving
human subjects. JAMA 2013, 310, 2191–2194. [CrossRef] [PubMed]

25. Pan, W.; Kwak, S.; Li, F.; Wu, C.; Chen, Y.; Yamamoto, Y.; Cai, D. Actigraphy monitoring of symptoms in patients with Parkinson’s
disease. Physiol. Behav. 2013, 119, 156–160. [CrossRef]

26. Soriano-Maldonado, A.; Carrera-Ruiz, Á.; Díez-Fernández, D.M.; Esteban-Simón, A.; Maldonado-Quesada, M.; Moreno-Poza, N.;
García-Martínez, M.D.M.; Alcaraz-García, C.; Vázquez-Sousa, R.; Moreno-Martos, H.; et al. Effects of a 12-week resistance and
aerobic exercise program on muscular strength and quality of life in breast cancer survivors: Study protocol for the EFICAN
randomized controlled trial. Medicine 2020, 98, e17625. [CrossRef] [PubMed]

27. Jerez-Mayorga, D.; Huerta-Ojeda, Á.; Chirosa-Ríos, L.J.; Guede-Rojas, F.; Guzmán-Guzmán, I.P.; Intelangelo, L.; Miranda-Fuentes,
C.; Delgado-Floody, P. Test–retest reliability of functional electromechanical dynamometer on five sit-to-stand measures in healthy
young adults. Int. J. Environ. Res. Public Health 2021, 18, 6829. [CrossRef] [PubMed]

28. Gallagher, D.A.; Goetz, C.G.; Stebbins, G.; Lees, A.J.; Schrag, A. Validation of the MDS-UPDRS Part I for nonmotor symptoms in
Parkinson’s disease. Mov. Disord. 2012, 27, 79–83. [CrossRef] [PubMed]

29. Chen, J.; Chien, H.F.; Francato, D.C.V.; Barbosa, A.F.; Souza, C.d.O.; Voos, M.C.; Greve, J.M.D.; Barbosa, E.R. Effects of resistance
training on postural control in Parkinson’s disease: A randomized controlled trial. Arq. Neuro-Psiquiatr. 2020, 79, 511–520.
[CrossRef]

30. Lima, D.P.; de Almeida, S.B.; Bonfadini, J.d.C.; Sobreira, E.S.T.; Damasceno, P.G.; Viana Júnior, A.B.; de Alencar, M.S.; de Luna,
J.R.G.; Rodrigues, P.G.B.; Pereira, I.d.S.; et al. Effects of a power strength training using elastic resistance exercises on the motor
and non-motor symptoms in patients with Parkinson’s disease H&Y 1-3: Study protocol for a randomised controlled trial
(PARK-BAND Study). BMJ Open 2020, 10, 2–16.

31. David, F.J.; Robichaud, J.A.; Vaillancourt, D.E.; Poon, C.; Kohrt, W.M.; Comella, C.L.; Corcos, D.M. Progressive resistance exercise
restores some properties of the triphasic EMG pattern and improves bradykinesia: The PRET-PD randomized clinical trial. J.
Neurophysiol. 2016, 116, 2298–2311. [CrossRef] [PubMed]

32. Jukic, I.; Van Hooren, B.; Ramos, A.G.; Helms, E.R.; McGuigan, M.R.; Tufano, J.J. The Effects of Set Structure Manipulation on
Chronic Adaptations to Resistance Training: A Systematic Review and Meta-Analysis. Sports Med. 2021, 51, 1061–1086. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1519/JSC.0000000000004025
https://www.ncbi.nlm.nih.gov/pubmed/33927114
https://doi.org/10.1001/jama.2013.281053
https://www.ncbi.nlm.nih.gov/pubmed/24141714
https://doi.org/10.1016/j.physbeh.2013.05.044
https://doi.org/10.1097/MD.0000000000017625
https://www.ncbi.nlm.nih.gov/pubmed/31689771
https://doi.org/10.3390/ijerph18136829
https://www.ncbi.nlm.nih.gov/pubmed/34202138
https://doi.org/10.1002/mds.23939
https://www.ncbi.nlm.nih.gov/pubmed/21915909
https://doi.org/10.1590/0004-282x-anp-2020-0285
https://doi.org/10.1152/jn.01067.2015
https://www.ncbi.nlm.nih.gov/pubmed/27582297
https://doi.org/10.1007/s40279-020-01423-4
https://www.ncbi.nlm.nih.gov/pubmed/33417154

	Introduction 
	Materials and Methods 
	Design and Protocol Registration 
	Eligibility Criteria 
	Exclusion Criteria 
	Sample Size 
	Randomization, Allocation, and Blinding 
	Intention to Treat 
	Procedures 
	Intervention 
	Experimental Groups 
	Data Collection 
	Motor Symptomatology Assessment Protocol 
	Non-Motor Symptomatology Assessment Protocol 
	Anthropometry and Body Composition 
	Muscle Strength Evaluation 

	Statistical Analysis 

	Discussion 
	References

