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RESUMO

LINHARES, Diego Gama. Andlise de marcadores fisioldgicos de remodelagem 6ssea, forca
muscular, autonomia funcional, autoestima e autoimagem em idosos submetidos ao
Taekwondo. 2023. 76 f. Dissertacdo (Mestrado em Ciéncias do Exercicio e do Esporte) —
Instituto de Educacéo Fisica e Desportos, Universidade do Estado do Rio de Janeiro, Rio de
Janeiro, 2023.

A populacdo mundial aumenta significativamente, processos degenerativos da funcéo
fisica, cognitiva e problemas de salde tendem a aumentar concomitantemente com o
envelhecimento e cuidados com essa populagio sdo necessarios. E importante ressaltar que
0s maiores niveis de atividade fisica estdo associados a diminuicdo de morbidade
cardiovascular e mortalidade e impactam sobre um envelhecimento senescente. Dentre as
diferentes variacdes de atividades fisicas, o taekwondo e muitos outros esportes de lutas vém
se popularizando nas Gltimas décadas com um crescente numero de participantes. Objetivo:
Este documento refere-se a pesquisa por meio da aplicacdo de acdes metodoldgicas distintas.
A primeira se refere a realizacdo de uma revisdo sistematica para analisar os efeitos do
taekwondo na salde fisica e mental em idosos. A segunda se refere a uma revisao sistematica
e metanalise com a finalidade de analisar os efeitos do treinamento fisico multicomponente na
salde de mulheres idosas com osteoporose. Na terceira acdo foi desenvolvida uma revisao
sistematica para verificar os efeitos das artes marciais em varidveis fisicas em idosos. Na
quarta acdo foi realizada uma revisdo sisteméatica e metanalise para analisar os efeitos dos
esportes de combate na aptidao fisica para atividades da vida diaria de idosos submetidos a
esportes de combate: revisdo sistematica e metanalise de ensaios clinicos randomizados. E por
ultimo, a quinta acdo, foi realizado um ensaio clinico randomizado para investigar os efeitos
do taekwondo sobre marcadores fisioldgicos de remodelagem o6ssea, forca muscular,
autonomia funcional, autoestima e autoimagem em idosos submetidos a 12 semanas de
treinamento. Métodos: Trata-se de uma pesquisa experimental com desenho para dois grupos
que foram avaliados pré e pos periodo de intervencdo. A amostra foi composta por mulheres
idosas inexperientes com a pratica do taekwondo, moradores da cidade de Campos dos
Goytacazes -RJ. Foram aplicados os instrumentos de avaliacdo da autoestima, da autoimagem,
avaliacBes antropométricas, testes de forca muscular, autonomia funcional, coletas
sanguineas dos grupos experimental e controle para analise dos marcardores fisiologicos:
fosfatase alcalina, vitamina B12, fosforo sérico, Vitamina D e PTH e o exame de densidade
mineral éssea. Em seguida os participantes realizaram 12 semanas de intervencdo especifica
para cada grupo e por Gltimo uma nova coleta de dados de todas as variaveis do estudo.
Resultados: Houve melhora (p<0,05) da autoestima na comparagao intergrupo e intragrupo.
Para avaliar a forca muscular, os testes de flexdo de cotovelo e, sentar e levantar foram
utilizados e apresentaram aumentos (p<0,05) da forca muscular no no GE e na comparacao
intergrupos (pos-teste) em ambos os testes. Na avaliacdo da autoestima foram encontradas
melhoras (p<0,05) nos GE e GC na comparacao intragrupo e intergrupo indicando aumentos
da autoestima. Na autonomia funcional, foi utilizado o protocolo GDLAM, houve aumento
(p<0,05) no GE na avaliacdo intragrupo. Na avaliacdo dos biomarcadores 6sseos foram
encontradas diferengas (p<0,05) em todas as varidveis analisadas na comparagdo intragrupo
(pré vs. pos) no GE. Conclusdo: Os resultados encontrados neste estudo experimental apoiam
a eficacia do taekwondo nos marcadores fisiologicos de remodelagem Ossea, na forca
muscular, na autonomia funcional e na autoimagem de idosos.

Palavras-chave: Idosos. Taekwondo. Remodelagem dssea. Atividades da vida diaria.



ABSTRACT

LINHARES, Diego Gama. Analysis of physiological markers of bone remodeling, muscle strength,
functional autonomy, self-esteem and self-image in elderly people undergoing Taekwondo. 2023. 76
f. Dissertacdo (Mestrado em Ciéncias do Exercicio e do Esporte) — Instituto de Educacéo
Fisica e Desportos, Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2023.

The world population increases significantly, degenerative processes of physical and
cognitive function and health problems tend to increase concomitantly with aging and care for
this population is necessary. It is important to emphasize that higher levels of physical activity
are associated with a decrease in cardiovascular morbidity and mortality and have an impact
on senescent aging. Among the different variations of physical activities, taeckwondo and
many other fighting sports have become popular in recent decades with a growing number of
participants. Objective: This document refers to research through the application of different
methodological actions. The first refers to carrying out a systematic review to analyze the
effects of taekwondo on physical and mental health in the elderly. The second refers to a
systematic review and meta-analysis with the aim of analyzing the effects of multicomponent
physical training on the health of elderly women with osteoporosis. In the third action, a
systematic review was developed to verify the effects of martial arts on physical variables in
the elderly. In the fourth action, a systematic review and meta-analysis was carried out to
analyze the effects of combat sports on physical fitness for activities of daily living of elderly
people undergoing combat sports: systematic review and meta-analysis of randomized clinical
trials. And finally, the fifth action, a randomized clinical trial was carried out to investigate
the effects of taekwondo on physiological markers of bone remodeling, muscle strength,
functional autonomy, self-esteem and self-image in elderly people submitted to 12 weeks of
training. Methods: This is an experimental study designed for two groups that were evaluated
pre and post intervention period. The sample consisted of elderly women inexperienced with
the practice of taekwondo, residents of the city of Campos dos Goytacazes -RJ. Instruments
for assessing self-esteem, self-image, anthropometric assessments, muscle strength tests,
functional autonomy, blood samples from the experimental and control groups were applied
for the analysis of physiological markers: alkaline phosphatase, vitamin B12, serum
phosphorus, Vitamin D and PTH and the bone mineral density test. Then, the participants
performed 12 weeks of specific intervention for each group and, finally, a new data collection
of all study variables. Results: There was an improvement (p<0.05) in self-esteem in the
intergroup and intragroup comparison. To assess muscle strength, the elbow flexion and sit
and stand tests were used and showed increases (p<0.05) in muscle strength in the EG and in
the intergroup comparison (post-test) in both tests. In the assessment of self-esteem,
improvements (p<0.05) were found in the EG and CG in the intragroup and intergroup
comparison, indicating increases in self-esteem. In functional autonomy, the GDLAM
protocol was used, there was an increase (p<0.05) in EG in the intragroup evaluation. In the
evaluation of bone biomarkers, differences (p<0.05) were found in all variables analyzed in
the intragroup comparison (pre vs. post) in the EG. Conclusion: The results found in this
experimental study support the effectiveness of tackwondo on physiological markers of bone
remodeling, muscle strength, functional autonomy and self-image of the elderly.

Keywords: Older. Taekwondo. Bone remodeling. Activities of daily living.
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INTRODUCAO

A Organizacdo Mundial de Satde (OMS) alerta que, em 2020, a populacao de pessoas
com mais de 65 anos represente 20% da populacdo mundial, sendo a maior parte em paises
desenvolvidos. O envelhecimento populacional é multifatorial e inclui sadde, vida social,
aposentadoria, prestagéo de cuidados e primcipalmente associado a carga de doencas cronicas
ndo transmissiveis. Em torno de 20-30 anos de idade os individuos atingem o &pice de
desenvolvimento. A partir dai inicia-se o processo de envelhecimento de maneira
heterogénea. Esse processo levard até seis ou sete décadas terminando em morte
(IZQUIERDO et al., 2021).

Com o envelhecimento, efeitos deletérios podem surgir, dentre eles, as doengas
cardiovasculares (doencas arteriais coronarianas), esqueléticas (artrite e osteoporose) e
mentais (ansiedade e depressdo) (KAZEMINIA et al., 2020). Além disso, a diminui¢cdo na
capacidade funcional e de recuperacdo dos sistemas do corpo sdo carateristicas do
envelhecimento bioldgico levando ao processo de homeostenose, processo degenerativo
continuo do sistema imunolégico (EL-KADER et al., 2018; KHAN et al., 2017).

Adicionalmente, o processo de envelhecimento leva a mudancas significativas na
composicao corporal, aumento da gordura abdominal e redugdo da massa corporal magra,
processo conhecido como sarcopenia. Esta associa-se ao alto risco de quedas e fraturas,
diminuicdo da mobilidade e maior nimeros de internacdes (COSTA RIELA et al., 2021).

Dessa forma, no envelhecimento, a perda da massa 0ssea (osteoporose) e muscular
dificulta a manutencdo da autonomia funcional voltada para o desempenho das atividades da
vida diaria (AVD). A osteoporose é uma patologia que preocupa a salde publica devido 0s
riscos de quedas e, consequentemente, fraturas. Alteracdes nas acOes osteoblésticas e
osteoclasticas sdo constantes e biomarcadores 0sseos podem identificar essas possiveis
alteracdes (CURTIS et al., 2015; RADUT et al., 2019).

Outros biomarcadores 6sseos podem mapear a condicdo 6ssea. A deficiéncia da
vitamina B12 aumenta o estresse oxidativo e consequentemente processos inflamatorios. O
fosforo sérico, o horménio da paratiredide e a vitamina D indicam possiveis patologias nos
rins, 0ssos e sistema digestivo. Ja a fosfatase alcalina pode mostrar possiveis danos ao
metabolismo dsseo (ANTONIAK; GREIG, 2017; HUEMER; BAUMGARTNER, 2019;
SUKI; MOORE, 2016; MILIONI et al., 2014).

Outro fator que afeta a qualidade de vida do idoso é o sedentarismo, que foi



classificado na Europa Ocidental como a quinta principal causa de carga de doenca e um dos
principais fatores de risco para doencas ndo transmissiveis. Entretanto, a frequéncia, a
intensidade, o tipo e tempo de atividade fisica sdo fatores bem variados, porém, é importante
relatar que o exercicio fisico pode reduzir os efeitos fisiologicos da senescéncia (LOPEZ-
TORRES et al., 2019).

A falta de atividade fisica interfere negativamente na autoestima, na autoimagem, na
coordenacdo e na vivéncia motora. A autoestima baixa tem relacdo com salde mental
prejudicada e respostas mal-adaptativas em situacdes de dificuldades e estresse. A idade e
capacidade fisica sdo autoavaliadas, determinando a capacidade de realizacdo de movimentos
corporais do proprio individuo. Nesse sentido, o treinamento fisico aumenta a forca muscular
e melhora a autoimagem e autoestima em idosos (TYLKA; WOOD-BARCALOW,2015;
WEBB; WOOD-BARCALOW;TYLKA, 2015; WAGAN et al., 2021).

A atividade fisica regular reduz o declinio e mantém ou aumenta a autonomia
funcional e qualidade de vida em idosos. Estes individuos podem se beneficiar com um
programa de exercicios adaptados.  Os exercicios reduzem o0s riscos de lesbes
osteomioarticulares, incluindo as quedas, a osteopenia e osteoporose (MITTAZ HAGER et
al., 2019).

O programa de exercicios fisicos deve ser adequado a populacdo idosa, levando em
consideracdo possiveis restricbes comuns nesse grupo. A atividade fisica aparece como uma
estratégia eficaz no tratamento da osteopenia e osteoporose em funcdo da melhor resposta as
cargas mecanicas sofridas pelo osso, melhorando a forca muscular e a constituicdo Ossea
(ZHANG et al., 2019; WATSON et al., 2017). O exercicio fisico regular reduz a morbidade e
mortalidade e levam ao envelhecimento saudavel. Por sua vez, estimula a remodelagem 6ssea
associada ou ndo a terapias hormonais reduzindo os riscos de fraturas e quedas
(JAKOVLIJEVIC, 2018; HONISETT et al., 2016).

O exercicio fisico, em especifico aquele voltado para o trabalho de equilibrio, é
importante na prevencdo do risco de queda que € um dos problemas mais graves de salde
publica e pela redugédo do estado de saude do idoso. Em média, 33% de pessoas acima de 65
anos caem pelo menos uma vez por ano e com aumento da idade, esse percentual tende a
aumentar. Com as quedas o risco de fraturas, principalmente quadril e fémur, aumentam a
chance de hospitalizagéo e mortalidade (GSCHWIND et al., 2013).

Com o avango da idade, de forma concomitante, as fungdes fisicas reduzem a forca

muscular, resisténcia muscular, mobilidade articular, equilibrio e agilidade. Ha indicacdo para
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a pratica regular de exercicios fisicos, pois estes podem reduzir os efeitos deletérios do
envelhecimento, melhorar a qualidade de vida e o desempenho nas atividades da vida diaria.
Exercicios de diferentes tipos sao indicados para a pessoa idosa, incluindo aqueles voltados
para aptidao cardiorespiratoria, forca, flexibilidade e equilibrio (LAO et al., 2021).

A perda de forga e massa muscular com o envelhecimento séo classificadas como
dinapenia e sarcopenia, respectivamente. Essas redugdes levam a limitagdes de mobilidade e
aumento da mortalidade em idosos, aumentando a possibilidade de incapacidade fisica. O
exercicio fisico tem efeitos positivos nos ganhos de forca e massa muscular na populacédo
idosa (GRGIC et al., 2020). Dentre as diferentes metodologias de exercicios, a combinacdo de
desafios cognitivos e motores utilizando exercicios aerdbicos mostrou ser eficaz tanto na
marcha quanto no desempenho cognitivo em individuos idosos (RAICHLEN et al., 2020).

As atividades fisicas aparecem em diversas modalidades e dentre elas o taekwondo,
esporte que se originou na Coréia e se popularizou pelo mundo com milhdes de praticantes de
todas as idades. E um esporte considerado como arte marcial que envolve movimentos de
chutes e socos, principalmente. A pratica do Taekwondo pode melhorar a aptiddo fisica,
coordenacao e equilibrio de pessoas idosas (CHO et al., 2018; WAZIR et al., 2020).

O taekwondo é uma arte marcial tradicional sistemaética e cientifica e as qualidades
fisicas intervenientes sdo poténcias aerObica, anaerdbica e muscular, a flexibilidade, a
velocidade e a agilidade (TAYECH et al., 2020). Essas qualidades fisicas estdo relacionadas
com um melhor desempenho das atividades da vida didria em pessoas idosas. Dessa forma,
espera-se que a pratica do taekwondo para individuos idosos possa gerar melhoras na
autonomia funcional, forca muscular, autoimagem, autoestima e remodelagem dssea.

Sendo assim, esta dissertagdo esta organizada em 5 estudos intitulados na forma que
segue: 1- Efeito dos esportes de combate na aptiddo fisica e atividades da vida diaria de
idosos: uma revisdo sistematica e meta-analise de ensaios clinicos randomizados, que foi
realizada de acordo com a metodologia PRISMA para analisar estudos que tratam dos efeitos
do taekwondo na aptidéo fisica de idosos. 2 - Effects of Multicomponent Exercise Training
on the Health of Older Women with Osteoporosis: A Systematic Review and Meta-Analysis,
estudo de revisdo sistematica e metanalise de acordo com a metodologia PRISMA sobre os
efeitos dos exercicios multicomponentes na saude de mulheres idosas com osteoporose. 3 -
Efeitos das artes marciais em variaveis fisicas em idosos: um estudo de revisdo sistematica,
que foi realizada de acordo com a metodologia PRISMA para analisar estudos que

utilizaram as artes marciais como intervencao e as possiveis alteracdes em diferentes variaveis
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de sono e qualidade de vida em idosos. 4- Efectos del taekwondo sobre la salud en adultos
mayores: una revision sistematica, que foi realizada de acordo com a metodologia PRISMA
para analisar estudos que tratam dos efeitos do taekwondo na saude fisica e mental de idosos.
5 - Impacto do taekwondo sobre os marcadores fisioldgicos de remodelagem 0Gssea, forca
muscular, autonomia funcional, autoestima e autoimagem em idosas: um ensaio clinico
randomizado: um ensaio clinico randomizado, com o objetivo de investigar os efeitos do
treinamento do taekwondo sobre as variaveis de analise do presente estudo para melhorar as

condicdes de vida durante o envelhecimento.
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randomized controlled trials
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de Janeiro State University, Rio de Janeiro, Brazil; *Para State University and Federal Institute
of Para, Pard, Brazil; * Postgraduate Program in Physical Exercise and Health, Porto University,
Portugal; ®Research Center in Physical Activity, Health and Leisure, University of Porto College
of Sports, Porto University, Portugal; ® Active Aging, Exercise and Health/Healthy-Age Network,
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Objective. To analyze the effects of combat sports (CS) on the physical
fitness of older individuals.

Methods. A systematic review and meta-analysis were conduct-
ed following the PRISMA criteria and registered in PROSPERO
(CRD42022378159). MEDLINE (via PubMed), Scopus, SPORTDiscus,
and Web of Science databases were searched for randomized con-
trolled trials (RCTs) that observed older adults submitted to CS pro-
grams that reported physical fithess outcomes. The methodological
quality and the risk of bias were evaluated using the TESTEX scale and
Cochrane Collaboration tool, respectively.

Results. Seventeen RCTs were included in the systematic review and
6 provided data for the meta-analysis. The CS analyzed in the studies
were Tai Chi Chuan, Taekwondo, and Jiu-Jitsu, with a duration of in-
terventions ranging from 8 to 48 weeks (= 57 min/session, 3 x/week).
There was evidence of increases in muscle strength, flexibility, agili-
ty, and balance in the participants who practiced CS (p < 0.05). There
was a reduction in the absolute values of execution time in the Timed
Up and Go (TUG) test after the intervention, indicating improvement in
balance (standardized mean difference [SMD]: -0.38; 95% confidence
interval (Cl): -0.60 to 0.16; p < 0.01; I = 0%). Balance assessed by the
Berg balance scale (BBS) showed significant differences (SMD: 0.44;
95% Cl: 0.27 to 0.61; p < 0.01; I? = 0%) in favor of participants in the
experimental group.

Conclusions. The current results pointed out that the different CS is
effective in physical fitness, improving the performance of activities of
daily living in older adults.

Key words: combat sports, martial arts, aged, physical fithess, postur-
al balance, functional status
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INTRODUCTION

Physical fitness can be considered as the individual’s
ability to participate in activities of daily living (ADLs) and
leisure with enthusiasm and attention, without exces-
sive fatigue. Cardiorespiratory capacity, endurance,
muscle strength, morphological characteristics, and
flexibility are part of the components of physical fitness
and are related to the level of physical activity. In this
sense, physical fitness is an important health-related
parameter that can indicate the risk of developing non-
communicable diseases 2.

The practice of physical exercises can contribute to in-
creasing the quality of life and preventing cardiovascu-
lar and mental diseases in older adults. Thus, different
types of exercises involving cardiorespiratory capacity,
balance, immunity, strength, and muscle mass are pre-
scribed for older adults to maintain functional capacity
and improve the performance of ADLs 34,

Combat sports (CS) are considered physical exercises
and represent different sports modalities. CS includes
attack and defense simulations involving upper and
lower limb movements, takedowns, and a combina-
tion of these techniques °. A large part of the world’s
population practices some type of CS recreationally or
in high performance. CS can be smooth, character-
ized by light and relaxed movements performed slowly,
aiming at posture regulation, with fast, vigorous, and
dynamic movements, which impose maximum force
on the impact surface 6. At CS modalities most found
in the literature are Aikido, Boxing, Capoeira, Fencing,
French Boxing, Full Contact, Hapkido, Jet Kune Do,
Judo, Jiu-Jitsu, Karate, Kempo, Kendo, Kickboxing,
Kung Fu, Mixed Martial Arts, Muay Thai, Qigong, Sumo,
Sambo, Soo Bahk Do, Taekwondo, Tai Chi Chuan, and
Wrestling 572,

The regular practice of CS can improve physical fitness,
cognitive, and psychological functions, considering
the possible stimulation of factors related to physical,
mental, and spiritual well-being, and the improvement
of physical abilities %', However, the effects of CS on
physical fithess and their relationship with performance
in ADLs in the older population are still not fully under-
stood. Therefore, the present study aimed to analyze
the effects of CS on the physical fitness of older indi-
viduals.

METHODS

This systematic review with meta-analysis was con-
ducted in accordance with established guidelines from
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) "' and was approved by the

International Prospective Register of Systematic Re-
views (PROSPEROQ) as number CRD42022360904.

SEARCH STRATEGIES

EndNote online 20.0.1 literature management soft-
ware was used to manage literature search records.
Two independent and experienced authors conducted
an electronic search, without language or time filters,
from the 1%t to the 20" of December 2022, in the MED-
LINE (via PubMed), Scopus, SPORTDiscus, and Web
of Science databases. Any conflict was resolved by a
third author. Descriptors related to the theme were se-
lected based on a literature review and verified by the
Medical Subject Headings (MeSH) and Health Sciences
Descriptors (DeCS) metadata systems. Then, the de-
scriptors were grouped into a single Boolean phrase
(Appendix A).

ELIGIBILITY CRITERIA

The inclusion criteria were designed according to the
population, intervention, comparison, outcome, and
study design (PICOS) strategy 2, as follows: (a) Popula-
tion: older adults (aged = 60 years) of both sexes. Par-
ticipants with neurological (e.g., Parkinson’s disease),
musculoskeletal, metabolic, and cardiovascular diseas-
es were excluded; (b) Intervention: CS not associated
with another type of training; (c) Comparison: other
interventions and/or control group; (d) Outcome: physi-
cal fitness variables (e.g., balance, functional autonomy,
muscle strength, flexibility, agility); (e) Study design:
RCTs that analyzed the effects of CS on physical fitness
in apparently healthy older adults. Articles published in
conferences, systematic reviews, and meta-analyses
were excluded.

Appendix A.

Database Search phrase

PubMed Search: ((“martial arts"[MeSH Terms] OR
(“martial"[All Fields] AND “arts"[All Fields]) OR
“martial arts"[All Fields]) AND (“aged”[MeSH
Terms] OR “aged”[All Fields] OR “elderly” [All
Fields] OR “elderlies"[All Fields] OR “elderlys”[All
Fields] OR “elderlys”[All Fields])) AND
(clinicaltrial[Filter] OR randomizedcontrolledtrial[
Filter])
Scopus (( TITLE-ABS-KEY (martial AND arts) OR TITLE-
ABS-KEY (combat AND sport) AND TITLE-ABS-
KEY (elderly) OR TITLE-ABS-KEY (older))

SPORTDiscus AB martial arts OR AB Fighting OR AB combat
sports AND AB aged OR alder adults OR elderly OR
seniors OR geriatrics
Web of Science (((AB = (martial arts)) AND AB = (aged)
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Risk OF BIAS ASSESSMENT

Two experienced authors independently assessed the
elected RCTs for risk of bias using the Cochrane Col-
laboration’s tool, available at https://training.cochrane.
org/handbook/. Any discrepancies and doubts were re-
solved by a third author. Bias from the following sources
was assessed: 1) random sequence generation; 2) al-
location concealment; 3) blinding of participants and
personnel; 4) blinding of outcome assessments; 5) in-
complete outcome data; 6) selective reporting; 7) other
bias. Each domain has the risk of bias established as
low, uncertain, or high risk of bias. The final score is
assigned with the highest classification among the do-
mains evaluated in each RCT ™.

ASSESSMENT OF METHODOLOGICAL QUALITY

For the evaluation of methodological quality, we used the
Tool for the assEssment of Study qualiTy and reporting
in EXercise (TESTEX), which analyzes the quality of the
study, as it is a report evaluation tool, specifically de-
signed for use in exercise training studies. TESTEX is a
15-point scale used in experimental studies, including in-
ternal validity assessment criteria and presentation of the
statistical analysis used. One point is attributed to each
criterion defined in the scale and zero point is attributed
to the absence of these indicators. The scale comprises
the following criteria: 1) specification of inclusion criteria;
2) random allocation; 3) allocation confidentiality; 4) simi-
larity of groups in the initial or baseline phase; 5) evaluator
blinding (for at least one key outcome); 6) measurement
of at least one primary outcome in 85% of the allocated
subjects (up to three points); 7) intention-to-treat analysis;
8) comparison between groups of at least one primary
outcome (up to two points); 9) report measures of vari-
ability for all reported outcome measures; 10) monitoring
of activities in control groups; 11) constancy in relative
exercise intensity; 12) characteristics of exercise volume
and energy expenditure *.

DATA EXTRACTION

To extract data from the included articles, an elec-
tronic spreadsheet was used, according to the eligibil-
ity criteria, in duplicate and independently. Then, the
data extracted from the articles were evaluated by two
evaluators. A third evaluator was responsible for pos-
sible divergences and decisions for a consensus. The
extracted variables were: authors, year of publication,
country, characteristics of the study population (age,
sex, and sample size), intervention data, including
general and specific exercises, intervention duration
(weeks), training volume (duration of the training ses-
sion, in minutes, and training frequency, in times per
week), evaluation and results for the CS applied to older
adults in the physical fitness variables.

META-ANALYSIS

The Review Manager 5.4.1 program (RevMan version
5.4.1; The Cochrane Collaboration, Oxford, UK, avail-
able at http://tech.cochrane.org/revman was used to
analyze physical fitness in older practitioners of CS. The
statistical technique of meta-analysis is used when two
or more independent studies can be grouped '°. As the
variables were continuous, we chose to use the statisti-
cal method of inverse variance and the analysis model
with fixed effect. Effect measure was the difference
between the means with a confidence interval (Cl) of
95% of the studies. The meta-analysis and the distribu-
tion of the studies were analyzed by the weight of each
variable in the statistical procedure. The risk of bias in
the selected studies was classified as low, uncertain, or
high based on the criteria established by the Cochrane
Collaboration’s tool . Each standardized mean dif-
ference (SMD) was weighted according to the inverse
variance method. The SMD values in each RCT were
pooled with a random (if heterogeneity was significant)
or fixed-effects model (if heterogeneity was by chance).
SMD values were interpreted as: < 0.2: weak; 0.2-0.79:
moderate; > 0.8: strong 6. A statistically significant ef-
fect was indicated by p < 0.05.

EVIDENCE-LEVEL ASSESSMENT

Two authors independently assessed the certainty of
evidence using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
approach with the GRADE PRO website, available at
https://gradepro.org. GRADE specifies four catego-
ries: “high”, “moderate”, “low”, and “very low”, applied
to a body of evidence. RCTs begin with high-quality
evidence. Five aspects can decrease the quality of evi-
dence: methodological limitations, inconsistency, indi-
rect evidence, inaccuracy, and publication bias. On the
other hand, three aspects can increase the quality of
the evidence: effect size, dose-response gradient, and
confounding factor '7. Heterogeneity between studies
was analyzed using |2 statistics. I values are interpreted
as low heterogeneity (0-50%), moderate heterogeneity
(50-74%), and high heterogeneity (> 75%) '*&.

RESULTS

A total of 1415 publications were found from the da-
tabase search following the proposed search method-
ology (MEDLINE via PubMed = 445; Scopus = 211;
SPORTDiscus = 47; Web of Science = 712). After
using the selection criteria, a total of 17 randomized
controlled trials (RCTs) were included in this systematic
review. From these studies, 6 studies provided data to
be included in the meta-analysis (Fig. 1).
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Figure 1. PRISMA flow diagram of study selection.

Figure 2 summarizes the risk of bias analysis of the
RCTs. In all the assessed studies, it was neither practi-
cal nor possible to blind the participants and/or evalu-
ators. It was judged that this presented a high risk of
bias. All other domains were judged to have a low to
unclear risk of bias.

Table | presents the methodological quality of studies
using the TESTEX tool. According to the TESTEX scale
(0 to 15 points), all included studies scored above 10
points. The most sensitive points in the studies were:
blinding of the evaluator to assess the outcome (100%
of the studies) and blinding of the participants (94% of
the studies).

Table Il shows the characteristics of the studies by au-
thor/year, country of origin, study design, age (mean +
standard deviation), sex and number of participants per
group, and total sample. The year of publication of the

studies varied between 2004 and 2021. Regarding the
country of origin, most of the studies were carried out
in the United States of America (USA) (n = 5; 31%). The
mean age of the experimental group (EG) and control
group (CG) was 71 years. The average number of par-
ticipants in the EG and CG was 40 participants. The
total number of participants was 1384 (681 in the EG
and 703 in the CG).

The type of intervention, the CS, the duration, and the
training volume were reported in Table Ill. Among the
CS evidenced in the present systematic review, Tai Chi
Chuan appears in 12 studies (75%), Taeckwondo in 4
studies (25%), and Jiu-Jitsu in 1 study (6%). The dura-
tion of the intervention varied between 8 and 48 weeks
with an average of 19 weeks and the training volume
had an average of 57 minutes per session with a fre-
quency of 3 times a week.
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Figure 2. Analysis of risk of bias summary and graph in included RCTs (Cochrane Collaboration tool).

Table I. TESTEX study quality assessment.

Study Study quality Sub-total Study reporting Sub-total Total
12345 | (015 [ga[en[6c] 78 [8b] 9 [10]11]12] 0110 | (0to15)

Song etal. '® 1/]0/0]1]1 3 1101 1 1 1 1 1 1 1 9 12
Lietal. 1/]1(0]1]0 3 1 1 1 1 1 1 1 1 1 1 10 13
Lietal * 1]1({0]1 (1 5 1 1 1 1 1 1 1 1 1 1 10 14
Chyu et al. 2 1]1(0]1 |1 4 1 1 1 1 1 1 1 1 1 1 10 14
Song et al. ** o= 0 =] 4 ! 1 1 1 1 1 1 1 1 1 10 14
Youm et al. #® 1]1(0(1]0 3 1 1 1 1 1 1 1 1 0|1 9 12
Maciaszek and

Osinski 2 111(0]1]0 3 1 1 1 1 1 1 1 1 1 1 10 13
Lam et al. * NEAR A EAE 4 1 1 1 1 1 1 1 1 1 1 10 14
Lee etal. 1111011 4 1 1 1 1 1 1 1 1 1 1 10 14
Queiroz et al. # 111]0]1]0 3 1 1 1 1 1 1 1 1 1 1 10 13
Chang etal. ® 1]1(0(1]0 3 1 1 1 1 1 1 1 1 1 1 10 13
Cho and Roh * 1]1({0]1]0 3 1 1 1 1 1 1 1 1 1 1 10 13
Kim et al. ® 1 I 1 O 0 I 4 1 1 1 1 1 1 1 1 1 1 10 14
Lee etal. *! 1/1(0]1]0 3 1 1 1 1 1 1 1 1 1 1 10 13
Ma et al. # 1]1[(0]1]1 4 1 1 1 1 1 1 1 1 1 1 10 14
Penn etal. 7 1]1[(0]1 (1 4 1 1 1 1 1 1 1 1 1 1 10 14
Kim et al. il Tl 0] i flell 4 1 1 1 1 1 1 1 1 1 1 10 14

Study that did not report the number of dropouts, but ended with the same number of participants who started the intervention; Study quality: 1: specmc eligibility cn
teria; 2: type of p d; 3: hidden allocation; 4: similar groups at baseline; 5: raters were blinded (at least one main out ); 6: outcomes

85% of participants (6a: 1 point if more than 85% completed; 6b: 1 point if adverse events were reported; 6c: if exercise attendance was reported) 7: intention-to- lreat
statistical analysis; 8: statistical oompanson between groups was reported (8a: 1 point if between- -group compansons are reported for the primary outcome variable of
mterest 8b: 1 point if statistical compansons between groups are reported for at least one y 9: point and of variability for all

that were rep ; 10: activity monitoring in the control group; 11: relative i |ntensny remained 12: ise volume and energy
expenditure were reported.
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Table Il. Characteristics of the studies included in the systematic review.

Author Year Country Age: mean = SD (years) Sex Groups (n) | Total (n)
Song et al. *® 2003 Korea EG: 64.80 + 6.0 Q EG: 22 43
CG: 62.5 +5.6 CG: 21
Lietal. ® 2004 USA EG: 75.30 +7.8 o EG: 62 118
CG:75.45+78 CG: 56
Lietal 2 2005 USA EG: 76.94 +4.7 Qi EG: 125 256
CG:77.99+5.2 CG: 131
Chyu etal. 2 2010 USA EG:72.4 + 6.2 =) EG: 30 61
CG:71.3 6.0 CG: 31
Song et al. ¥ 2010 Australia EG: 63.03 7.3 =) EG: 30 65
CG:61.20 + 8.0 CG: 35
Youm et al. # 2011 Korea EG1:69.4 5.8 Q EG: 20 30
EG2: 714 +7.6 CG: 10
CG:70.6 +4.8
Maciaszek and Osinski 2 2012 Poland EG: 70.30 5.9 I} EG: 20 40
CG:69.10+ 59 CG: 20
Lam etal. * 2014 China EG: 77.20 +6.3 /3 EG: 171 389
CG:78.30 + 6.6 CG: 218
Lee et al. % 2015 USA EG: 83.50 +8.9 /3 EG: 10 20
CG: 84.80 + 8.1 CG: 10
Queirozetal. ** 2016 Brazil EG:69.5 + 6.1 38 EG: 31 62
CG:70.7 6.4 CG: 31
Chang et al. 2016 China EG: 60.13 +2.7 o EG: 22 43
CG:60.30 + 2.9 CG: 21
Cho and Roh *° 2019 Korea EG: 68.89 + 4.16 o EG: 19 37
CG: 69.00 +4.41 GC: 18
Kim et al. % 2019 Korea EG1:71.40 + 3.3 =) EG1: 28 58
EG2:70.90 + 4.3 EG2: 30
Lee et al. ¥ 2019 USA EG: 70.00 + 4.0 o EG: 29 59
CG:70.00 + 4.0 CG: 30
Ma et al. 2 2019 China EG:67.5+ 6.3 Q13 EG: 17 33
CG:72.80 + 6.7 CG: 16
Pennetal. ¥ 2019 Taiwan EG1:76.45+ 8.6 Q/d EG1: 20 50
EG2:75.27 +5.2 EG2: 15
CG:73.40 + 8.2 CG: 15
Kim et al. # 2021 Korea EG:72.90 5.8 Q EG:10 20
CG:71.90 = 3.1 CG: 10

SD: standard deviation; USA: United States of America; EG: experimental group; CG: control group: M: male; F: female.
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Table IIl. Types of CS and characteristics of interventions.

Study Intervention Combat Duration Volume of
sport (weeks) training
DT FT
(min) | (x/week)

Songetal.'® | EG1: warm-up, Tai Chi Chuan, cool down (20 min) Tai Chi Chuan 12 20 3

CG: no exercise
Lietal. 2 EG: warm-up (10 min), Tai Chi Chuan (40 min), cooldown (10 min) Tai Chi Chuan 24 60 3

CG: low-impact exercise: controlled breathing, stretching, and

relaxation
Lietal. 2 EG: warm-up (5-10 min), Tai Chi practice (40 min), cooldown (5-10 min) | Tai Chi Chuan 26 60 3

CG: warm-up (5-10 min), stretching, breathing, and relaxation
(40 min), cooldown (5-10 min)

Chyuetal. 2 EG: warm-up (10 min), Tai Chi Chuan (25 min), cooldown (10 min) Tai Chi Chuan 24 60 3
CG: no exercise

Song etal. *7 EG: warm-up (10 min), Tai Chi Chuan (40-45 min), cool-down (5-10 min) Tai Chi Chuan 24 60 3
CG: no exercise

Youmetal. ® | EG1: warm-up, taekwondo training, cooldown Taekwondo 12 60 3

EG2: warm-up, stretching, walking, cooldown
Intensity (EG1 and EG2):

weeks 1 to 4: 40-50% HR,,,, and 9-11 RPE
weeks 5 to 12: 50-60% of HR,,, and 9-13 RPE
CG: no exercise

Maciaszek and | EG: warm-up (10 min), Tai Chi Chuan (30 min), cool-down (5 min) Tai Chi Chuan 18 45 2

Osinski CG: no exercise

Lam etal. 3 EG: Tai Chi Chuan Tai Chi Chuan 48 30 3
CG: stretching and relaxation exercises

Lee etal. 2 EG: mobility (5 min), warm-up (10 min), Tai Chi Chuan (40 min), Tai Chi Chuan 12 60 3

cooldown (5 min)
CG: limbs mobilization exercise

Queiroz etal. * | EG: warm-up and stretching (30 min), Jiu-Jitsu (50 min), cool down Jiu Jitsu 12 90 2
(10 min)
CG: no exercise

Chang etal. 2 | EG: Tai Chi Chuan Tai Chi Chuan 24 60 4
CG: no exercise

Cho e Roh * EG: warm-up, walking, stretching, taekwondo training, cooldown Taekwondo 16 60 5

Intensity: 50-80% HR,,,
CG: no exercise

Kim et al. % EG: warm-up (15 min), Tai Chi Chuan (35 min), cooldown (10 min) Tai Chi Chuan 12 60 2
Lee atal. *' EG: warm-up, taekwondo training, cooldown Taekwondo 12 60 3
Intensity: week 1 to 4: 30-40% of HRR;

last 4 weeks: increased up to 50-60% of HRR
CG: no exercise

Ma et al. % EG: warm-up (10 min), Tai Chi Chuan (40 min), and cool-down (10 min) Tai Chi Chuan 24 60 3
CG: no exercise
Penn etal. ¥ | EG1:individualized tai-chi exercise (30 min) Tai Chi Chuan 8 30 3

EG2: traditional Tai-Chi exercise (30 min)
CG: no exercise

Kim et al. # EG: warm-up, taekwondo training, and cooldown. Taekwondo 12 90 3
Intensity: weeks 1 to 4: 40-59% of HRR
weeks 5 to 12: 60-75% of HRR

CG: no exercise

EG: experimental group; CG: control group; DT: duration of training; FT: frequency of training; RPE: rating of perceived exertion; HRR: heart rate reserve; HR,: maximum
heart rate; min: minutes; x/week: times per week.
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Table IV. Analyzed variables and outcomes.

Study Evaluation Results
Song etal. " Muscle strength T Abdominal muscle strength (30 seconds)
Balance T Balance
Lietal. 20 Muscle strength T Chair rise
Balance T Right leg-stand; T Left leg stand
Walking speed 1 50-foot walk
Lietal. ' Balance T BBS; T Functional reach, T TUG
Walking speed T 50-Foot walk; T Dynamic gait index
Chyu et al. 2 Balance T Stride width; T Sensory Organization Test
Song et al. *7 Muscle strength T Knee endurance extensor
Youm et al. 2 Balance 1 COP trajectories
Maciaszek and Osinski % Balance 1 8 foot up to go; T Forward; T Back; T Maximum sway area
Lam et al. * Balance T BBS
Lee atal. 2 Balance 1 Sequential weight shifting test; T FRD; T Accuracy
Queiroa et al. ** Muscle strength T Lower body strength; T Upper body strength
Flexibility T Lower body flexibility; T Upper body flexibility
Cardiorespiratory fitness T Aerobic endurance
Chang et al. 2° Balance T Knee joint kinesthesia; TAnkle joint kinesth
Cho e Roh ® Muscle strength 7T 30 s chair stand; T Chair sit-and-reach; < 30s arm curl
Balance < 244 mTUG
Cardiorespiratory fitness T 2 min step
Kim et al. # Muscle strength 1 5x STS: T 30s STS
Balance TTUG; TFR; T OLS
Lee etal. Muscle strength T Hand grip strength; T Leg strength
Cardiorespiratory fitness 1 Heart rate
Ma et al. % Muscle strength T Gastrocnemius muscle activation onset latency; T Time to peak force of knee;
T Time to peak force of knee flexors extensors
Penn et al. 7 Muscle strength EG1: T Lower-limb muscle strength
EG2: T Lower-limb muscle strength
Balance EG1: T BBS; L TUG; T FRD
EG2: T BBS
Kim et al. 2 Muscle strength T Handgrip strength; T Step count; T Trunk flexion in a sitting position
Cardiorespiratory fitness T 2 min walk

EG: experimental group; BBS: Berg balance scale; HR: heart rate; COP: center of pressure; STS: sit-to-stand;TUG: timed up and go; FR: functional reach; OLS: one-leg
standing; 5xSTS: five times sit-to-stand test; 30 s STS: 30-second sit-to-stand test; FRD: forward reach distance; BBS: Berg balance scale; T: increase; |: decrease;

4> maintenance.

Test for overall effect: Z= 3.37 (P = 0.0008)

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI v, 95% CI
Lietal. [21] 827 223 125 931 25 131 79.0% -0.44 [-0.69,-0.19)
Penn etal. [27] 833 1.7 15 1052 886 15 9.3% -0.33[-1.06, 0.39] —
Cho e Roh. [30] 795 137 19 788 161 18 11.7% -0.02 [-0.66, 0.63] —
Total (95% CI) 159 164 100.0% -0.38[-0.60, -0.16] S
Heterogeneity: Tau®= 0.00; Chi*=1.42, df= 2 (P = 0.49); F= 0% =1 ‘01.5 035 15

Favor [experimental] Favor [control]

Figure 3. Time Up Go test (TUG) analysis.
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Test for overall effect: Z=5.03 (P < 0.00001)

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Lam et al. [34] 534 23 96 523 34 169 466% 0.36 [0.11, 0.61) —_—
Lietal [21] 4928 415 125 4715 422 131 479% 0.51 [0.26, 0.76) ——
Pennetal. [27] 51.33 479 15 4587 12.36 15  55% 057 [0.17,1.30]
Total (95% CI) 236 315 100.0% 0.44[0.27,0.61] <
Heterogeneity: Chi#= 0.78, df= 2 (P = 0.68); F= 0% 1 05 3 015 1

Favor [control] Favor [experimental]

Figure 4. Analysis of the Berg Balance Scale (BBS).

Table IV presents the data of the evaluation vari-
ables and outcomes of the included studies. The vari-
ables walking speed, cardiorespiratory fithess, muscle
strength, flexibility, and balance were investigated by
different tests.

Figure 3 shows the results of the meta-analysis of the
studies that investigated balance using the Time Up Go
(TUG) test. The effect size was calculated by SMD with
95% CIl. When calculating the effect size, the negative
sign means greater effects for EG when compared
to CG. Participants who received the CS intervention
achieved improvements in balance (p < 0.05) when
compared to the CG. The average effect size of all
RCTs is represented by the diamond and should be
interpreted equally. There was a reduction in the ab-
solute values of the execution time in seconds in the
TUG test after the intervention, indicating improvement
in balance (95% Cl: -0.60 to -0.16) with inconsistency I?
=0% and p <0.01.

Figure 4 presents the results of the meta-analyses of
studies that used the Berg Balance Scale (BBS) for bal-
ance assessment. There was a significant difference in
balance (95% CI: 0.27 to 0.61) in favor of CS partici-
pants with inconsistency ?= 0% and p < 0.01.

Table V presents the level of evidence of the meta-
analyzed studies on the balance variable using the
(GRADE) tool.

DISCUSSION

This study investigated the effects of CS on variables
related to physical fitness in older adults. The most
researched CS was Tai Chi Chuan %28, followed by
Taekwondo 2%, and Jiu-Jitsu *.

Among the physical fitness variables, balance was the
most analyzed variable in the included studies (n = 11;
69%) 192729303 which showed improvements after the
intervention period (p < 0.05). Balance can be checked
dynamically and/or statically and by different testing
protocols. In this systematic review, the tests used were

the single-leg (right and left) stance time, one-leg bal-
ance, sensory organization vestibular test, BBS, TUG,
functional reach test, and 2.44 m up-and-go test.

Cho e Roh %, Lee et al. *', Kim et al. %, and Queiroz
et al. ® evaluated the cardiorespiratory capacity. These
studies prioritized rapid tests to assess this variable. The
tests used were aerobic endurance, heart rate, 2 min
step, and 2 min walk. There were increases (p < 0.05)
in the EG when compared to the CG in the post-test.
Muscle strength was another variable evaluated in some
of the included studies '92026-2630-%2 gnd had increases
(p < 0.05) with CS interventions. This variable was as-
sessed by the hand grip strength, leg strength, 30s
tests chair stand, 30s arm curl, chair rise, sit-to-stand,
and trunk flexion. Kujach et al. ® conducted an RCT
to evaluate muscle strength in older men and women,
with a mean age of 68 years, divided into EG and CG.
EG participants performed Judo training (12 weeks,
3 x/week, 45 min/session) and showed increases
(p < 0.05) in isometric knee muscle strength assessed
by a dynamometer ° used interventions with Judo and
Karate (13 months, 3 x/week, 60 min/session) and
found improvements (p < 0.05) in EG in lower limb
muscle strength, functional autonomy, quality of life,
and bone remodeling. These variables were assessed
using the 10-repetition maximum (RM) test, the Latin
American Development Group for Maturity (GDLAM)
protocol, the Osteoporosis Assessment Questionnaire
(OPAQ), and dual-energy X-ray densitometry (DXA),
respectively. These studies show that improvements in
these physical fitness variables can be a potential factor
in improving ADLs in older adults.

Walking speed, flexibility, and agility variables were
investigated in a few studies compared to other vari-
ables in this systematic review. The walking speed
variable was investigated by Li et al. *° and Li et al. %'
and showed improvements (p < 0.05) through the
50-foot walk and dynamic gait index tests. The flex-
ibility variable was assessed by Queiroz et al. *, who
found increases (p < 0.05) in flexibility through the lower
body flexibility and upper body flexibility tests. It is note-
worthy that a sedentary lifestyle and aging accelerate
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Table V. Level of evidence (GRADE).

Certainty assessment No. of Effect Cer- Impor-
partici- tainty tance
pants
No. of Study | Risk Incon- Indirect- | Impreci- Other EG | CG | Rela- | Absolute
studies | design | of bias | sistency ness sion consid- tive 95% CI)
erations (95%
)
Balance (analyzed with TUG)
3 RCTs Not Not Not serious Not None 159 | 164 _ Mean - | @PEP | Important
serious | serious serious 0.38highest|  HIGH
(-0.60
lower to —
0.16 highen)
Balance (analyzed with BBS)
3 RCTs Not Not Not serious Not None 236 | 315 _ Mean 0.44 | ©P@EE® | Important
serious | serious serious highest HIGH
(0.27 lower
to 0.61
highen)

RCTs: randomized controlled trials; EG: experimental group; CG: control group; Cl: confidence interval; TUG: Time Up Go; BBS: Berg Balance Scale.

important motor losses in performing ADLs, such as
reduced physical fitness. The regular practice of physi-
cal exercises reduces these losses and can improve
the responses of walking speed, flexibility, and agility
variables %,

Studies conducted by Song et al. 9, Li et al. %, Li et
al. 2!, Chyu et al. %, Maciaszek and Osinski %, Lee et
al. %, Chang et al. %, Kim et al. %, Penn et al. ¥, Ma et
al. %, Youm et al. ®, Choe Roh et al. ®°, Lee et al. *', Kim
etal. %, Queiroz et al. ®, Lam et al. * and Song et al. ¥,
analyzed different physical fithess variables (muscle
strength, balance, flexibility, agility, walking speed, and
cardiorespiratory capacity) in older adults. Corroborat-
ing these studies, Arkkugangas et al. * conducted an
RCT and used Judo training on 142 participants aged
between 18 and 68 years. After 10 weeks of training,
increases (p < 0.05) were found in the variables muscle
strength, balance, and walking speed. The tests used
were mini-BESTest, tandem heel raise, tandem with
heel raise with closed eyes to assess balance, back-
ward for gait speed, and the chair stand on one leg-left/
right test to assess muscle strength. It is worth remem-
bering that these improvements in physical fitness are
essential for maintaining ADL in older adults.
Regarding the risk of bias, all included studies showed
a high risk in terms of blinding participants and/or
evaluators.

One of the limitations of this systematic review and
meta-analysis was the variety of tests to assess the
same study variables. This makes it difficult to diag-
nose results in the intervening physical qualities used.

Another important limiting factor is the small number
of RCTs addressing other CS, which are distinguished
both by the wide variety of modalities and by the way
the training is carried out.

CONCLUSIONS

The CS described in this study are effective in improving
the physical fitness of older adults, with positive effects
on physical performance and functional autonomy to
carry out ADLs. Favorable results were found in differ-
ent physical variables, such as muscle strength, flex-
ibility, balance, walking speed, agility, and cardiorespi-
ratory capacity, associating CS with improved physical
fitness of older individuals submitted to Tai Chi Chuan,
Taekwondo, or Jiu-ditsu. Nevertheless, it is worth
emphasizing that the included studies showed great
heterogeneity in the application of testing protocols in
assessing the physical fitness variables, even when it
was the same physical quality. On the other hand, the
studies showed positive results in the CS relation and
the physical fitness of older individuals. It is suggested
that future studies investigate, with randomized meth-
ods, other CS (e.g., Judo, Krav Maga, Karate) and the
possible effects on physical health (e.g., muscle power)
and mental health (e.g., self-image, self-esteem, and
depression) in older adults.
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Abstract: This study aimed to analyze the effects of mulicomponent exercise training in older
women with osteoporosis, We conducted a systematic review following the PRISMA guidelines
and registered on PROSPERO (number CRD42022331137). We searched MEDLINE (via PubMed),
Web of Science, Scopus, and CINHAL databases for randomized experimental trials that analyzed
the effects of physical exercise on health-related variables in older women with osteoporosis. The
risk of bias in the studies was verified using the Cochrane Collaboration tool and the Jadad scale
was used to assess the methodological quality of the studies. Fourteen randomized controlled trials
were included, with a total of 544 participants in the experimental group and 495 in the control
group. The mean age of all participants was 68.4 years. The studies combined two to four different
exercise types, including strength, aerobic, balance, flexibility, and /or functional fitness training.
The practice of multicomponent training with an average of 27.2 weeks, 2.6 sessions per week,
and 45 min per session showed improvements in strength, fAexibility, quality of life, bone mineral
density, balance, and functional fitness and reduced the risk of falls in older women with osteoporosis.
Multicomponent training was shown to be effective in improving health-related variables in older
women with asteoporosis.

Keywords: elderly; exercise; osteoporosis; bone density; quality of life; health; physical functional
performance; postural balance; muscle strength; resistance training

1. Introduction

The world population has shown an abrupt increase in older people in relation to the
total population since the mid-twentieth century. Aging tends to be accompanied by a loss
of bone and muscle mass and an increase in the percentage of fat due to the reduction of
sex hormones, especially anabolic steroids [1,2].

In this sense, changes in bone mineral density (BMD) levels can generate classifications
of osteoporosis, such as mild, moderate, and severe. About 200 million people have
osteoporosis. In the next three decades, the number of people with this disease is expected
to increase by up to three times. Women have a lower BMD and a higher risk of fractures
from falls due to the reduction in estrogen and the occurrence of menopause. Other
functional losses can occur, such as reduced strength and muscle mass, balance, and visual
capacity, which can increase the risk of falls [3].

The risk of fractures increases with osteoporosis followed by morbidity due to the
reduction of the bone mineral component. Mortality is directly related to increased hip

Int. | Enotron, Res. Public Health 2022, 19, 14195 https:/ /doiong/10.33%) /ijerph192114195

https: / /www mdpi.com/joumal /fjerph



Int. |. Environ. Res. Public Health 2022, 19, 14195 20f 14

fracture rates of around 20%. Other factors are related to osteoporosis, such as hypothy-
roidism and reduced calcitonin secretion, which can lead to reduced BMD. Adult women
diagnosed with BMD below the mean of 2.5 (T-score), estimated by dual-energy X-ray
absorptiometry (DXA), are more likely to fracture [4].

Fractures resulting from falls due to osteoporosis leave important sequelae, such
as regular pain, musculoskeletal, respiratory, and postural dysfunctions, leading to low
functional autonomy and quality of life (QoL). Effective treatments that include exercise
are needed to reduce these physical risk factors, pain, and physical dysfunction [5].

Physical exercise can maintain bone mass, increase muscle strength, and improve
balance. Thus, aerobic and/or resistance exercises alone, even when not associated with
drug therapies, are effective in reducing the loss of BMD in women with osteoporosis [6,7].
Additionally, a training modality that involves different physical capacities in the same
exercise session is defined as multicomponent training. The combination of different
physical capacities in the same exercise session is used in this training to address older
people’s functional needs and health. This favors adherence through the proposal of
socialization and participation in group activities [8].

Hence, multicomponent training can improve perceptual-cognitive functioning and
reduce the frailty state of older people, as the combination of strength, aerobic, balance,
and/or flexibility exercises can increase muscle strength, power, balance, and flexibility.
These factors are important, as they improve performance in activities of daily living
(ADL) [9-12].

Senescence, lifestyle habits, and chronic pathologies can lead to sarcopenia, osteopenia,
and osteoporosis. On the other hand, healthy aging with an active lifestyle can provide
the older person with a better perception of QoL, ADL, and health [13,14]. Despite those
benefits, the effects of multicomponent exercise training on the health of older women with
osteoporosis are not clear. As osteoporosis is common in this population and multicom-
ponent training shows high adhesion and adherence rates [8], it is important to know the
effects of this modality in older women with osteoporosis.

In this sense, the present study is justified by the need to investigate the control of
variables related to the prescription of exercises in older women with osteoporosis and
the possible physiological effects that can be optimized with multicomponent training in
obtaining important results on bone health. Therefore, the present study aimed to analyze
the effects of multicomponent training on the health of older women with osteoporosis. We
hypothesized that this training modality would be effective in improving health-related
variables of older women with osteoporosis.

2. Materials and Methods

This study is characterized as a systematic literature review. The procedure for con-
ducting this research followed the criteria of the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) [15]. This study was registered in the international
prospective register of systematic reviews (PROSPERO), as number CRD42022331137.

2.1. Search Strategy

Two independent and experienced researchers conducted an electronic search without
language or time filters, in April 2022, in the MEDLINE (via PubMed), Web of Science, Sco-
pus, and CINHAL databases. Any disagreements between the two researchers were solved
by consulting a third researcher. The terms related to the topic were osteoporosis, elderly,
treatment, and physical exercise. Those terms and their synonyms were appropriately
combined using the Boolean operators [OR], between synonyms, and [AND], between
descriptors. Reproducible search strategies can be found in Appendix A.

2.2. Eligibility Criteria
Randomized controlled trials (RCTs) that analyzed the effects of multicomponent train-
ing that combines a minimum of two different exercise types (strength, aerobic, balance,
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flexibility, and /or functional fitness) on health-related variables in older women with osteo-
porosis were included. Studies that did not use physical exercise as the main intervention
or osteoporosis as the main pathology, articles published in congress, systematic reviews,
and meta-analyses were excluded.

2.3. Research Question

We based the research question and strategy of our study on the population, interven-
tion, comparison, and outcome (PICO) model, often used in evidence-based practice and
recommended for systematic reviews [16]. Therefore, the population was older women
with osteoporosis, the intervention was multicomponent exercise training, the control was
the group of participants that did not practice multicomponent exercise training, and the
outcome was health-related variables. Therefore, the final PICO question was “What are
the effects of multicomponent exercise training on health-related variables in older women
with osteoporosis?”.

2.4. Risk of Bias Analysis

The risk of bias of each included RCT was assessed by the Cochrane Collaboration
tool, available at: https:/ /training.cochrane.org/handbook/, accessed on 10 April 2022.
This tool consists of 7 domains: (1) generation of the random sequence; (2) allocation
concealment; (3) blinding of evaluators and participants; (4) blinding of outcome evaluators;
(5) incomplete outcomes; (6) reports of selective outcomes; (7) report on other sources of
bias. Each domain has the risk of bias classified as “high”, “uncertain”, or “low”. The final
score is assigned with the highest rating among the domains evaluated in each study [17].
Two authors independently performed the risk of bias assessment of each included study
and a third researcher was consulted in case of divergences.

2.5. Methodological Quality Analysis

The Jadad scale was used for the analysis of the methodological quality of the RCTs.
This instrument has 3 items with a total of 5 points: (1a) the study was described as
randomized; (1b) the randomization was accurately performed; (2a) the study was a
double-blind trial; (2b) the blinding was properly performed; (3) the study described the
sample loss. The score can vary from 0 to 5. Studies with a score < 3 are considered at
high risk of bias. Two researchers conducted the methodological quality analysis. Any
divergences in the analysis were sent to a third researcher for consensus [18].

2.6. Data Collection Process

Data from the included publications were independently extracted by two researchers.
Disagreements were resolved in a consensus meeting with a third researcher. The following
variables were extracted: authors, year of publication, country, characteristics of the study
population (age, sample size, and BMD), and intervention data, including general and
specific exercises, intervention duration (weeks), intensity and volume of training (duration
of the training session, in minutes, and frequency, in times per week), evaluation, and
outcomes for variables related to physical and mental health.

2.7. Meta-Analysis

We used the Review Manager 5.4.1 program, available at http:/ /tech.cochrane.org/
revman, accessed on 25 October 2022, to analyze the effects of multicomponent exercise
training on the health of older women with osteoporosis. Meta-analyses were performed
when two or more studies could be pooled. As variables were continuous, we used the
inverse variance statistical method and the analysis model with the random effect. The
effect measure was the difference between the means with a 95% confidence interval from
the studies. The meta-analysis and distribution of the studies were analyzed by the weight
of each variable in the meta-analysis.
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2.8. Evidence Level Assessment

Two independent researchers used the grading of recommendations assessment, de-
velopment and evaluation (GRADE) approach to evaluate the evidence level for each
investigated outcome. The quality of evidence can be assessed by four classification levels:
high, moderate, low, and very low. RCTs start with high quality of evidence, and observa-
tional studies begin with low quality of evidence. Five aspects can decrease the quality of
the evidence: methodological limitations, inconsistency, indirect evidence, inaccuracy, and
publication bias. Contrariwise, three aspects can increase the quality of the evidence: effect
size, dose-response gradient, and confounding factor [19].

3. Results

In total, 919 studies were found following the proposed research methodology (MED-
LINE via PubMed = 416; Scopus = 226; Web of Science = 108, CINAHL = 169). After using
the selection criteria, 14 articles were included in the qualitative analysis and four studies
provided data to be included in the pooled analysis (Figure 1).

Records identified through
database searching Duplicates records removed (n = 11)

(n=919)

|

Records screened Records excluded based on title and abstract

(n=908) (n=821)

Full-fext axticles assessed for Full-text articles excluded, with reasons (n = 73)
cligibility ="« Different population = 12
(n=87) « Other interventions = 61

|

Studies included in the
systematic review (n = 14)

}

Studies included in the meta-
analysis (n = 4)

] ( Eligibility ] [ Screening ] [ldenﬂﬂentlon‘

Included

Figure 1. PRISMA flow diagram of study selection.

Table 1 shows the risk of bias of the included RCTs assessed using the Cochrane
Collaboration tool. Of the 14 studies included in the present systematic review, 13 (92.85%)
presented a low risk of bias and 1 study (7.15%) presented an uncertain risk of bias because
it did not present how the participants were randomized [20].

Table 2 presents the analysis of the methodological quality of the RCTs by the Jadad scale.
The studies showed a high risk of bias (score < 3). In the studies, randomization occurred
in a simple way, despite having a satisfactory score in the description of sample loss and
randomization. Double-blinding could improve the methodological quality of the studies.
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Table 1. Risk of bias analysis for randomized controlled trials (Cochrane Collaboration tool).

Studies 1 2 3 4 5 6 7 Total
Burke et al. [20] Uncertain Low Low Low Low Low Low Uncertain
Carter et al. [7] Low Low Low Low Low Low Low Low
Dizdar et al. [21] Low Low Low Low Low Low Low Low
Evstigneeva et al. [22 Low Low Low Low Low Low Low Low
FilipoviC etal. [23] Low Low Low Low Low Low Low Low
Garaia-Gomariz et al. [24] Low Low Low Low Low Low Low Low
Halvarsson et al. [25] Low Low Low Low Low Low Low Low
Lord etal. [26] Low Low Low Low Low Low Low Low
Murtezani et al. [23] Low Low Low Low Low Low Low Low
Olsen and Bergland [27] Low Low Low Low Low Low Low Low
Paolucci et al. [28] Low Low Low Low Low Low Low Low
Preisinger et al. [29] Low Low Low Low Low Low Low Low
Stanghelle et al. [30] Low Low Low Low Low Low Low Low
Nawrat-Szoltysik et al. [31] Low Low Low Low Low Low Low Low

1: randomization; 2: allocation of randomization; 3: blinding of participants; 4: blinding of the evaluators;
5: incomplete outcomes; 6: report on selective outcome; 7: other sources of bias.

Table 2. Methodological quality assessment (Jadad scale).

Studies 1a 1b Total Score

Burke et al. [20]

Carter et al. [7]

Dizdar et al. [21]

Evstigneeva et al. [22]

FilipoviC et al. [23]

Garcia-Gomariz et al. [24]

Halvarsson et al. [25]

Lord et al. [26]

Murtezani et al. [32]

Olsen and Bergland [27]

Paolucci et al. [28]

Preisinger et al. [29]

Stanghelle et al. [30]

Nawrat-Szoltysik et al. [31]
1a: randomized study; 1b: adequate randomization; 2a: double-blind study; 2b: proper blinding; 3: description of
the sample loss.
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Table 3 presents the years, countries, mean values and standard deviation of age,
sample size, and BMD of participants of the studies included in the present systematic
review. Interventions from the included studies consisted of a total of 1186 participants,
with 691 participants in the experimental group (EG) and 495 in the control group (CG).
It was found that the mean age of participants in the EG and CG of all studies was 68.4
years. The studies included in this review were developed in different countries, located on
different continents. All participants were over 50 years of age. Publication years ranged
from 1996 to 2021.
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Table 3. Characteristics of the participants of the included studies.

MD
Author Year  Country Age (Years) EG (1) CG (n  Total (m) B
(T-Score) (g/em?)
Lumbar spine:
EG:1.014 £ 02
CG:0.965 £ 0.2
) Femoral Neck:
Lord etal. [26] 199  Australia gg ;%; i 24 9% 89 179 NI EG:0.770 = 0.1
e CG:0.742 £ 0.1
Trochanter
EG: 0.689 + 0.1
CG: 0,652 £ 0.1
Distal forearm:
EGI: 0.266
EGL 26 L5 EG1: 27 o005
Preisinger et al. [29] 1996 Austria EG2: 609 + 7.8 EG‘Z: u 31 92 NI Mid 'f‘ FES
CG:59.0 + 8.0 : i
EG1: 0.382
EG2: 0.383
CG: 0424
= 2 EG: 69 + 3.5 y Total hip or lumbar
Carter etal. [7] 2002 Colombia CG: 69.6 + 3.0 40 40 80 NI spine <—2.55D
" Lumbar spine:
Burke etal, [20] 2010 Brazil gg ;ﬁ i g‘; 17 16 3 EG: —3.69 + 0.83 NI
giter . CG: -3.53 £ 096
X Lumbar spine:
Murtezani et al. [32] 2014 Switzerlnd LT S0.6847.62 3l 30 61 EGI: —3.04 + 0.4 NI
T : EG2: -3.10+£05
Olsen and Bergland [27] 2014 Norway R ¥ » 89 NI NI
L+ o " EG: 656 £58 Lumbar spine
Paolucci et al. [28] 2014 Switzerland CG:65.6 + 5.3 40 20 60 NI <-258D
EGI: 76 + 10 FEiE
Halvarsson et al. [25] 2014 Sweden EG2: 77 +9 %P 26 69 NI NI
CG: 76 + 10 o213
Evstigneeva et al. [22] 2016 Russia gg Z‘;z i t;:] 40 38 78 NI NI
3 P Femoral neck:
Garcia—Gomérizetal. [24] 2017 Spain A 17 17 34 ~076 NI
T ) Lumbar spine: 1.93
Lumbar total:
EGl: —2.44 £ 0.8
EG2: 262 £08
EG3: —254 £ 0.6
EG1: 57.87 4 4.5 EG1: 25 T i
Dizdar etal. [21] 2017 Turkey EG2: 59.86 + 5.5 EG2: 25 - 75 o > 3 NI
EG3: 6091 £6.5 EG3: 25
Femur total:
EG1: —0.63 £1.2
.95 £ 0.9
EG3: —091 £1.1
= EG1: 23
Nawrat—Szoltysiketal. [31] 2019 Poland Eg flaxuo EG2: 21 2 91 <1 NI
i EG3: 23
2 EG: 742 +58 Lumbar spine and
Stanghelle et al. [30] 2020 Norway CC747 4 61 76 73 149 NI femoral neck < —2.5SD
B o, EG: 64.40 =545 p oo Lumbar spine and
FilipoviC et al. [23] 2021 Serbia CG- 64.20 + 5.08 47 49 96 Neck: —2.62 + 0.72 femoral neck < —2.5SD

EG: experimental group; CG: control group; BMD: bone mineral density; NI: not informed; SD: standard deviation.

Table 4 shows the intervention and training volume of the studies. It was found that
12 studies had EG and CG, while 2 studies used only EG. The CG participants did not per-
form physical exercises, except for the studies of Dizdar et al. [21], Garcia-Gomariz et al. [24],
and Paolucci et al. [28]. The EG participants performed strength, aerobic, balance, flexibility,
and/or functional fitness exercises. The duration of the interventions ranged from 4 to
96 weeks, 20 to 60 min per training session, and a frequency of 2 to 5 sessions per week.
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Table 4. Study intervention data.

vT
Study Intervention Duration (Weeks)
DT (min)  FT (x/week)
Lord et al. [26] EG: RT for upper hmbfs and balance 5 60 4
CG: no physical exercises
EGT1: regular RT, balance, motor, and postural
coordination
Preisinger et al. [29] EG2: irregular RT, balance, motor, and postural 48 20 2
coordination

CG: no physical exercises

EG: RT, balance, postural exercises, and
Carter et al. [7] coordination 20 40 2
CG: no physical exercises

EG: RT for lower limbs and balance
5
Burkeetal, [20] CG: no physical exercises & a¢ 2

EG1: RT, balance, and aerobic exercise (land)

EG2: aerobic exercise and RT (water) 4 2 3

Murtezani et al. [32]

EG: aerobic circuit training, balance, and
Olsen and Bergland [27] flexibility 12 60 3
CG: no physical exercises

EG: low-impact aerobics training, balance, and

Paolucci et al. [28] flexibility 24 60 3
CG: aerobic training
EG1: balance

Halvarsson et al. [25] EG2: balance and aerobic training 12 3045 2

CG: no physical exercises

EG: RT for lower limbs and balance
o 55 ;
Evstigneeva et:al. 13l CG: no physical exercises 48 40 2

EGI1: RT, balance, and coordination
Dizdar et al. [21] EG2: RT 12-24 60 3
EG3: aerobic training

EG: RT and high-impact training + calcium +

Garcia-Gomariz et al. [24] vitamin D 96 60 2
CG: high-intensity walk
EG1: modified Sinaki exercises
EG2: Nordic walking

Nawrat-Szoltysik et al. [31]  EG3: modified Sinaki exercises + Nordic 12 40 2
walking
CG: did not perform physical exercises

EG: RT and balance
CG: no physical exercises

Stanghelle et al. [30] 24 60 2

EG: RT, aerobic training, and balance

CG: no physical exercises 2 060 2

FilipoviC et al. [23]

EG: experimental group; CG: control group; VT: volume of training; DT: duration of training (each session); FT:
frequency of training; RT: resistance training; min: minutes; x /week: times per week.

Table 5 presents the data on the evaluation and results of the included studies. The
evaluation was divided between two and four moments according to each study. Functional
fitness, BMD, and balance appeared more frequently in the included studies. Variables such
as muscle strength, agility, quality of life, flexibility, pain assessment, and cardiorespiratory
fitness were also analyzed and showed significant post-intervention increases (p < 0.05).
The effect size (d) in the last column should be interpreted as follows: weak (<0.2), moderate
(0.2 to 0.79), or strong (>0.8) [33].
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Table 5. Data from the variables analyzed and the results of the included studies.

Study Evaluation Results in the EG (p < 0.05)

Balance EG: < Sway (d = —0.30)

Lord et al. [26] BMD EG: ¢+ lumbar spine (d = 0.06); <+ femoral neck (d = 0.08); «+ trochanter

(d=0.04)
Muscle strength EG: 1 quadriceps strength (d = 0.88)
EG1: 1 distal forearm; <+ mid-forearm

Preisinger et al. [29] BhaB EG2: | distal forearm; | mid-forearm

Balance EG: ¢ composite balance score (d = 0.13)

Functional fitness

EG: ¢ eight—figure (d = 0.33)

Carter et al. [7] Muscle strength EG: < knee extension strength (d = 0.09)
QoL EG: QUALEFFO—41: « total score; ++ social; «+ general health
perception; <+ physical function; < pain; ++ mental state
Isometric muscle strength ~ EG: 1 ankle flexion; 1 knee extension; 1 knee flexion
Burke et al. [20] EQ: T _COP velocity; T endpoint excursion; | maximum excursion; |
Balance directional control; 1 stable surface/open eyes; | stable surface/closed
eyes; | unstable surface/open eyes; | unstable surface/closed eyes
Balanice EG1: <> BBS (d =0.21)

Murtezani et al. [32]

EG2: ¢ BBS (d = 0.02)

Functional fitness

EG1: 1 six-minute walking test (d = 0.96)
EG2: 1 six-minute walking test (d = 0.71)

EG1: 1 quadriceps strength (d = 0.34); Tgrip strength (d = 0.76)

i e EG2: 1 quadriceps strength (d = 0.11); grip strength (d = 0.02)
EG1: T BMD (d = 0.51)
BMD EG2: «» BMD (d = 0.07)
Fall EG: | falls efficacy scale (d = —0.70)
Olsen and Bergland [27] Functional fitness EG: | maximum walking speed (d = —0.40)
Flexibility EG: « functional reach (d = 0.10)
EG1: | VAS of pain (d = —1.58); | McGill Pain Questionnaire (d = —0.60)
Pain EG2: 1 VAS of pain (d = —2.31); T McGill Pain Questionnaire
(d=-231)
Paolucci et al. [28] QoL EG1: 1 Shortened Osteoporosis Quality of Life Questionnaire (d = 0.63)
EG2: 1 Shortened Osteoporosis Quality of Life Questionnaire (d = 0.88)
Disabili EG1: | Oswestry Disability Questionnaire (d = —0.63)
o EG2: | Oswestry Disability Questionnaire (d = —0.88)
EG: 1 preferred speed single—task (d = 0.60); T preferred speed
dual-task (d = 1.00); <+ error in the performance of the dual-task in
Balance percentage (d = 0.20); 1 fast speed (d = 0.50); <> LLFDI: functional total
(d = 0.40); > upper extremity (d = 0.00); <> basic lower extremity
Halvarsson et al. [25] (d=0.20); T advanced lower extremity (d = 0.60)
EG: | FES—I: 1 one leg stance; 1 modified figure—of—eight test time; 1
Fall physical activity; <+ fear of falling; T no percent; | a little percent; |
quite a bit; | very much; | gait speed
EG: QUALEFFO-41: | pain (d = —1.20); <>ADL (0.10); | mobility
QoL (d = —1.27), | social function (d = —0.65); | general health perception

Evstigneeva et al. [22]

(d = —1.10); | mental function (d = —0.48)

Functional fitness

EG: <> Test weight—bearing/squat (d = 0.17); 1 sit-to-stand weight
transfer (d = —0.24); «» sit-to-stand left/right weight symmetry

(d = —0.12); T Tandem Walk and Sway test (d = —0.48); <> TUG
(d=0.03)

Flexibility

EG: < occiput—wall distance (d = 0.24)

31
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Table 5. Cont.
Study Evaluation Results in the EG (p < 0.05)

Balance EG: | TUG (12th) (d = —0.33); T BBS (12th) (d = 0.33)
Pain EG: | VAS (12th) (d = —-1.21)

Dizdar et al. [21] EG: QUALEFFO—41: | total score (d = —0.43); | pain (24th) (d = —0.43);
QoL ++ physical function (d = —0.15); | social function (d = —0.56); | general

health (d = —0.46); ++ mental function (d = 0.06)
Garcia—Gomariz etal. [24] BMD EG: 1 femoral neck (d = 0.37); <> lumbar spine (d = 0.41)

Nawrat—Szottysik et al. [31]

Functional fitness

EG1 vs. EG2: T number of steps and distance per day (d = 3.18); <+
TUG; ++ FRT
EG2 vs. EG3: no differences (p > 0.05)

QoL

EG1/EG2/EG3: QUALEFFO—41: « pain, <+ ADL; <> mobility; +
jobs around the house; ++ mobility; <+ leisure social activities; | general
health perception; | mental function

Stanghelle et al. [30]

Functional fitness

EG: < FRT (d = 0.39); | four square step test (d = —0.32); <> grip
strength right (d = —0.11); T arm curl (d = —0.69); 30—s sit to stand
(d =0.44); +» TUG (d = —0.05); ¢+ 6—min walking distance (d = 0.25)

FilipoviC et al. [23]

QoL EG: HRQoL (QUALEFFO—41): | FES—I (d = —0.13)
Balance EG: | TUG (d = —0.63); TOLST (d = 0.76)
Muscle strength EG: | STS (d = —0.80)

Osteoporosis

EG: T OKAT-S (d = 2.92)

Fall EG: | FES—I(d = —1.15)

Evstigneeva et al
Stanguelle et al

Total (95% C1)

Heterogenelty Tau®= 0.94, Chi*= 21,49, df= 1 (P < 0.00001), "= 95%
Test for overall effect Z= 098 (P=033)

ADL: activities of daily living; BBS: Berg balance scale; BMD: body mass density; COP: center of pressure; d: effect
size; FES-I: falls efficacy scale international; FRT: functional reach test; HRQoL: health-related quality of life;
OKAT-S: osteoporosis knowledge assessment tool—short version; OLST: one leg stance test; OPAQ: osteoporosis
assessment questionnaire; OQoLQ: Osteoporosis Quality of Life Questionnaire; QoL: quality of life; QUALEFFO-
41: 41-item Quality of Life Questionnaire of the European Foundation for Osteoporosis; SF-36: 36-item short form
health survey; STS: sit-to-stand test; TUG: timed up and go; VAS: visual analogue scale; LLFDI: late life disability
and function instrument; 1 increase; <> maintenance; | reduction.

Figure 2 shows the results of the meta-analyses of the studies that used the QUALEFFO-
41 to evaluate the quality of life. The effect size was calculated by the standardized mean
difference (SMD) with a confidence interval (CI) of 95%. When calculating the effect size,
the negative sign means greater effects to the EG compared to the CG. In the forest plot, lines
on the left side of the graph denote participants who received the multicomponent training
intervention and presented significant positive changes compared to control participants.
The average effect size of all RCTs is represented by the diamond and should be interpreted
equally. There was a no significant difference in QUALEFFO-41 (95% CI: —2.06 to —0.69)
with inconsistency I? = 95% and p-value = 0.33.

Experimental Control Std. Mean Difference Std. Mean Difference
Mean  SD_Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI

446 78 40 568 94 38 490% -1.40 [-1.90,-0.90) -

244 105 76 244 67 73 51.0% 0001032032

116 111 100.0% -0.69[-2.06, 0.69)

-4 -2 0 2 H
Favor [experimental] Favor [control]

Figure 2. Forest plot (QUALEFFO-41) [22,30].

Figure 3 presents the results of the meta-analyses of studies that used TUG for balance
assessment. There was no significant difference in balance (95% CI: —1.41 to —0.50) with
inconsistency I = 90% and p-value = 0.35.

32
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgt oup Mean  SD Total Mean SD Total Weight IV, 95%ClI v, 95% CI
Filipovic et al 1057 24 47 129 25 49 503%  -094[137,-052) -
Evstigneeva et al 114 33 40 113 29 38 497% 0.03}041,048)
Total (95% CI) 87 87 100.0% 0.46(.1.41,0.50)
Heterogeneity. Tau"= 0.43,Ch*=9.71, df=1 (P = 0.002), "= 30% " 5 ) 3 1
Testfor overall effect Z=0.94 (P = 0.35) Favor [exparimental] Favor [control]

Figure 3. Forest plot (timed up and go) [22,23].

Table 6 shows the level of evidence of the included studies, which was considered
high, according to the GRADE tool. This means that there is moderate confidence in the
estimated effect.

Table 6. Level of evidence (GRADE).

Certainty Assessment Pa:i:i;a‘nls Effect
C 1
P
No. of Study Risk of A 5 2 Other Relative Absolute
Studies  Design  Bias  [nconsistency Indirectness Imprecision oo ijenations B €C (o500 (95% CI)
QoL (analyzed with QUALEFFO-41)
mean
not s not not —1.09 highest ool
2 RCTs SoviGus: not serious . Satios none 116 111 _ (~2.06 lower HIGH Important
to 0.69 higher)
Balance (analyzed with TUG)
mean
not not not —Od6highest o 00
2 RCTs 3 not serious A P none 87 87 . (—1.41 lower Shachices Important
serious serious serious to —0.50 HIGH
higher)

RCTs: randomized controlled trials; EG: experimental group; CG: control group; QoL: quality of life; QUALEFFO-
41: 41-item Quality of Life Questionnaire of the European Foundation for Osteoporosis; TUG: timed up and go;
CI: confidence interval; & : represents high confidence in the estimated effect.

4. Discussion

The present study aimed to analyze the effects of multicomponent training on health-
related variables of older women with osteoporosis. Increases in muscle strength, balance,
cardiorespiratory fitness, and functional fitness were reported in the studies included in
the present systematic review.

The included studies (1 = 14) combined a minimum of two and a maximum of four
different exercise types, involving strength, aerobic, balance, flexibility, and /or functional
fitness training. The analysis of the 14 studies showed that older women with osteoporosis
that practiced multicomponent training, with an average of 27.2 weeks, 2.6 sessions per
week, and 45 min per session, improved strength, flexibility, QoL, BMD, balance, functional
fitness, and reduced the risk of falls.

Different variables were analyzed in this systematic review. Balance was the most
investigated variable, covering half (7 = 7) of the included studies [7,20,21,23,25,26,31].
Muscle strength was evidenced in five studies [7,20,23,26,32]. Moreover, QoL was evaluated in
six studies [7,21,22,28,30,31] and functional fitness was verified in six studies [7,27,29,30,32,34].
The frequency of falls was evaluated in three studies [23,25,27] and BMD was analyzed in
four studies [24,26,29,32]. Flexibility was the least analyzed physical capacity among the
included studies, being verified in two studies [22,23].

Burke et al. [20], Lord et al. [26], and Murtezani et al. [32] verified increases (p < 0.05)
in isometric muscle strength of lower limbs in the knee, hip, and ankle flexion and extension
movements with the application of the tests: knee extension, leg press, and back extensor
strength. Murtezani et al. [32] reported increases (p < 0.05) in handgrip strength and lower
limb strength. Filipovi¢ et al. [23] found an increase (p < 0.05) in lower limb muscle
strength with the sit-to-stand test used to assess physical quality. Cardoso et al. [12] also
reported increased muscle strength in upper and lower limb resistance exercises in a
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12-week multicomponent program. However, Carter et al. [9] found no changes in lower
limb muscle strength in the knee extension strength test.

Balance was the most analyzed variable in the studies included in this systematic
review. Carter et al. [7] reported increases (p < 0.05) in balance using the Berg balance, while
Murtezani et al. [32] found no changes in this variable using the same test. Burke et al. [20]
and Halvarson et al. [25] reported improvements (p < 0.05) in balance through the COP
velocity, directional control, balance performance, walking speed with a dual-task, fast
walking speed, advanced lower extremity physical function, timed up and go (TUG), and
Bretz stabilometer measurements. Lord et al. [26] and Carter et al. [7] found no differences
(p > 0.05) in balance with the sway test and the composite balance score. Similarly, Diz-
dar et al. [21] and Filipovi¢ et al. [23] used the TUG test to assess balance and found no
significant differences. Evstigneeva et al. [22] investigated flexibility and found no signifi-
cant differences (p > 0.05). Nevertheless, increases in flexibility (p < 0.05) were reported by
Olsen and Bergland [27] in the functional reach test.

Increases in QoL (p < 0.05) were observed in five studies, one [28] of them ana-
lyzed this variable with the Shortened Osteoporosis Quality of Life Questionnaire and
four [21,22,30,31] used the 41-item Quality of Life Questionnaire of the European Founda-
tion for Osteoporosis (QUALEFFO-41): pain, activities of daily mobility, jobs around the
house, mobility, leisure social activities, general health perception, and mental function.
On the other hand, Carter et al. [7] found no differences in the assessment of QoL in EG
with the same instrument.

In the variable functional fitness, significant increases (p < 0.05) were reported in
five studies [22,27,30-32], while the study by Carter et al. [7] did not present significant
changes in this variable (p > 0.05). Different tests were used to assess functional fitness
(eight-figure, test sit-to-stand weight transfer, six-minute walking test, maximum walking
test, and functional reach test). However, the TUG test appeared more frequently in the
evaluation of the functional fitness variable. Multicomponent training has been shown to
be effective (p < 0.05) to improve the functional autonomy of older women [10], as well as
resistance training with a frequency of two times and three times a week [6].

Few studies have investigated falls. The reduction in the frequency of falls (p < 0.05)
was reported by Olsen and Bergland [27], Halvarsson et al. [25], and Filipovi¢ et al. [23]
using the falls efficacy scale tests.

Lord et al. [26] used resistance training for 5 weeks and found no differences in BMD
(p > 0.05) between the CG, but three studies [24,29,32] reported increases (p < 0.05) in
BMD in the lumbar spine, forearm, and total BMD. A possible explanation may be the
longer intervention time used in these studies, both with more than 40 weeks. The study
of Borba-Pinheiro et al. [6] evaluated BMD, functional autonomy, muscle strength, and
QoL in 52 postmenopausal women using different types of resistance training (RT), one
performed twice a week (RT2) and the other performed three times a week (RT3). Both
training programs (RT2 and RT3) showed positive results in 13 months of intervention
when compared to the CG, using the Osteoporosis Assessment Questionnaire (OPAQ).
Olsen and Bergland [27], with postmenopausal women using different types of exercises
(water aerobics and judo) with 12 months of intervention, demonstrated that RT presented
the best results (p < 0.05) for lumbar BMD, balance, and QoL (OPAQ) compared to other
exercises and GC.

Of the 14 studies included in this systematic review, 4 studies were part of the meta-
analysis. Evstigneeva et al. [22] and Stanghelle et al. [30] analyzed the quality of life using
the QUALEFFO-41. These studies [22,30] showed favorable results (p < 0.05) with the
multicomponent training intervention when compared to the CG (Figure 2). Additionally,
two studies [22,23] evaluated the balance with the TUG test. Both of them showed improve-
ments (p < 0.05) with the multicomponent training intervention when compared to the CG
(Figure 3).

A limitation of the present systematic review to be highlighted was that some studies
did not use the double-blind randomization methodological process. Furthermore, some
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studies investigated patients with and without fractures, which may interfere with the
time and optimization of results. Other limitations to be considered are the different
intervention protocols presented and the lack of data from some studies [22,25,27] regarding
the confirmation of osteoporosis. The lack of patterns for the outcomes among the elected
studies is another limitation. Moreover, there were a small number of studies included in
the meta-analysis. Thus, these findings should be analyzed with caution when prescribing
physical exercises for women with osteoporosis.

5. Conclusions

Physical exercise involving multicomponent training in women with osteoporosis can
improve BMD, strength, flexibility, balance, functional fitness, and QoL, and reduce the risk
of falls. Other types of physical exercise (aerobic, resistance, and flexibility) were presented
in this review for this population. The results showed the importance of applying different
forms of physical exercise as a treatment for osteoporosis in older women. Therefore,
a physical exercise program that aims to stimulate different physical qualities in training
sessions can promote musculoskeletal health and QoL in this population. Future studies
are recommended to investigate body weight excess, due to low mobility, and rheumatic
diseases, as they may be related to bone remodeling and the association of physical exercise
in the health of older women with osteoporosis. Moreover, it is suggested to design
and apply an intervention program of multicomponent exercise training for women with
osteoporosis to determine if there are some positive effects on BMD.
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Appendix A

Database

Search Phrase

MEDLINE (PubMed)

((“osteoporosis”[MeSH Terms] OR “osteoporosis”[All Fields] OR “osteoporoses”[All Fields] OR “osteoporosis, postmenopausal”[MeSH
Terms] OR (“osteoporosis”[All Fields] AND “postmenopausal“[All Fields]) OR “postmenopausal osteoporosis”[All Fields]) AND
(“aged”[MeSH Terms] OR “aged”[All Fields] OR “elderly”[All Fields] OR “elderlies”[All Fields] OR “elderly s”[All Fields] OR
“elderlys”[All Fields]) AND (“therapeutics”[MeSH Terms] OR “therapeutics”[All Fields] OR “treatments”[All Fields] OR “therapy”[MeSH
Subheading] OR “therapy”[All Fields] OR “treatment”[All Fields] OR “treatment s"[All Fields]) AND (“exercise”[MeSH Terms] OR
“exercise”[All Fields| OR “exercises”[All Fields] OR “exercise therapy”[MeSH Terms] OR (“exercise”[All Fields] AND “therapy”[All
Fields]) OR “exercise therapy”[All Fields] OR “exercise s”| All Fields] OR “exercised”[All Fields] OR “exerciser”[All Fields] OR
“exercisers”[All Fields] OR “exercising”[All Fields])) AND (clinicaltrial[Filter] OR randomizedcontrolledtrial[Filter])

Web of Science

(((TS = (osteoporosis)) AND TS = (elderly)) AND TS = (exercise)) AND TS = (treatment)

Scopus

(TITLE-ABS-KEY (osteoporosis) OR TITLE-ABS-KEY (bone loss) OR TITLE-ABS-KEY (osteoporosis) AND TITLE-ABS-KEY (therapeutic)
OR TITLE-ABS-KEY (therapy) OR TITLE-ABS-KEY (treatment) AND TITLE-ABS-KEY (elderly) OR TITLE-ABS-KEY (aged) AND
TITLE-ABS-KEY(exercise) OR TITLE-ABS-KEY(physical activity) OR TITLE-ABS-KEY(physical exercise))

CINHAL

AB (osteoporosis OR bone density OR bone loss) AND AB (elderly OR aged OR older OR elder or geriatric) AND AB (treatment OR
intervention OR therapy) AND AB (exercise OR physical activity)
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3 EFEITOS DAS ARTES MARCIAIS EM VARIAVEIS FISICAS EM IDOSOS- UM
ESTUDO DE REVISAO SISTEMATICA

Efeitos das artes marciais em variaveis fisicas em idosos- um estudo de revisao
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Resumo: Objetivo: Analisar as variaveis fisicas relacionadas a qualidade de vida e sono em
idosos com a prética das artes marciais. Métodos: As bases de dados foram MEDLINE (via
PubMed), Scopus, SportDiscus e Web of Science. As palavras-chave relacionadas ao tema
foram selecionadas com base em uma reviséo da literatura e nos descritores em ciéncias da
salde (Decs/ Mesh). Foram excluidos artigos publicados em congresso, artigos de revisdo
sistematica e metandlise. Resultados: Dentre as artes marciais, apenas o Tai Chi Chuan
aparece evidenciando as variaveis propostas nesta revisdo sistematica. A duracdo da
intervencdo variou entre 12 e 48 semanas e 0 volume de treinamento teve uma média de 45
minutos por sessao e 3 vezes por semana. Nos 5 estudos incluidos nessa revisao sistematica as
variaveis de qualidade de vida e sono foram analisadas. Discussdo: Na qualidade de vida
houve reducdo (p<0,05) da perturbacdo total do humor e seus 6 estados (tensdo-ansiedade,
depressdo-rejeicao, raiva-hostilidade, vigor-atividade, fadiga-inércia e confusao-perplexidade)
e aumentos (p<0,05) da saude fisica e mental. Em rela¢do ao sono houve melhora (p<0,05).
Os testes utilizados foram o de laténcia do sono, duracéo do sono, eficiéncia habitual do sono,
distdrbios do sono, sonoléncia, tempo de vigilia ap6s o inicio do sono, nimero de despertares
e tempo médio de despertar. Concluséo: De acordo com os 5 estudos incluidos nessa revisao
sistematica, as artes marciais sdo eficazes na saude fisica e mental da pessoa idosa. Resultados
favoraveis foram encontrados nas variaveis fisicas de qualidade de vida e sono de idosos.

Introducdo: As artes marciais sdo definidas por diferentes movimentos especificos,
chutes, socos, bloqueios, grappling e a combinacéo desses movimentos. Podem ser praticados
em diferentes categorias competitivas, de forma recreativa e em diferentes faixas de idade.
Aumentos da forca muscular, flexibilidade sdo os principais beneficios em relacdo a aptidédo
fisica e em relacdo aos aspectos psicologicos estdo a funcdo cognitiva, autoestima,
autoimagem e autorrespeito.

Problemas relacionados ao sono sdo problemas importantes e chegam a atingir 50% da
populagéo idosa. Dentre os problemas mais comuns estdo a dificuldade de adormecer e
manter o sono, despertar no periodo da manha e sonoléncia excessiva durante o dia. Esses
problemas em relagdo ao sono quando se tornam crénicos podem impactar na saude fisica da
pessoa idosa, levando a inatividade fisica, reducdo das atividades de vida diaria, depressao,

problemas cardiometabdlicos e maior incidéncia de mortalidade. ¢®
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A qualidade de vida pode ser entendida como a percepcdo do individuo sobre si
mesmo em relacdo a propria vida, esta relacionado a saude fisica, a condigdo psicoldgica, vida
financeira, socializagdo e capacidade de lhe dar com situagdes adversas. O termo “qualidade
de vida relacionada a salde (QVRS) € o termo normalmente utilizado. Ha uma relagédo
importante da sensagdo de prazer, prosperidade, conquistas e felicidade com a qualidade de
vida. @

O Tai Chi Chuan, uma arte marcial chinesa milenar, se apresenta como arte cultural,
ritual religioso, exercicio fisico e defesa pessoal envolve técnicas com movimentos suaves e
continuos podendo ser praticados por individuos de diferentes idades incluindo a pessoa
idosa, com ou sem limitacGes fisicas e mentais. Ganhos de forca muscular, equilibrio, melhora
da funcéo cognitiva e melhora da coordenacdo tem sido reconhecidos com a pratica regular do
Tai chi Chuan. ©®

O objetivo deste estudo ¢é analisar as variaveis fisicas relacionadas a qualidade de vida
e sono em idosos com a pratica das artes marciais.

Meétodos: Este estudo caracteriza-se como revisdo sistematica da literatura. Foram
seguidos os critérios do Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) . O estudo foi registrado no registro porspectivo internacional de
revisbes sistematicas sob o0 registro n® CRD42022360904. As estratégias de buscam
ocorreram com dois autores independentes e experientes conduziram uma busca eletrénica
sem filtros de idioma ou tempo de 01 a 04 de agosto de 2022 nas bases de dados MEDLINE
(via PubMed), Scopus, SportDiscus e Web of Science. As palavras-chave relacionadas ao
tema foram selecionadas com base em uma revisdo da literatura e nos descritores em ciéncias
da saude (Decs/ Mesh). Em seguida, as palavras-chave foram agrupadas em uma Unica frase
booleana da seguinte forma: pubmed: Search: (((martial arts) OR (fighting)) OR (combat
sport)) AND (aged) Filters: Clinical Trial, Randomized Controlled Trial, English, Female,
Male, Aged: 65+ years, 80 and over: 80+ Years (("martial arts"[MeSH Terms] OR
("martial"[All Fields] AND "arts"[All Fields]) OR "martial arts"[All Fields] OR (“fight"[All
Fields] OR "fighting"[All Fields] OR "fights"[All Fields]) OR (("combat"[All Fields] OR
"combatant"[All Fields] OR "combatants"[All Fields] OR "combated"[All Fields] OR
"combating”[All Fields] OR "combats"[All Fields] OR "combatted"[All Fields] OR
"combatting”[All Fields]) AND ("sport s"[All Fields] OR "sports"[MeSH Terms] OR
"sports"[All Fields] OR "sport"[All Fields] OR "sporting"[All Fields]))) AND ("aged"[MeSH
Terms] OR "aged"[All Fields])) AND ((clinicaltrial[Filter] OR
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randomizedcontrolledtrial[Filter]) AND  (female[Filter] OR  male[Filter]) AND
(english[Filter]) AND (aged[Filter] OR 80andover[Filter])); scopus: ( TITLE-ABS-
KEY ( martial AND arts) OR TITLE-ABS-KEY ( fighting) OR TITLE-ABS-
KEY ( combat AND sports) AND TITLE-ABS-KEY (aged)) AND ( LIMIT-
TO (PUBSTAGE, "final")) AND ( LIMIT-TO (DOCTYPE, "ar")) AND ( LIMIT-
TO (SRCTYPE, "j")); sportDiscus: AB martial arts OR AB fighting OR AB combat sports
AND AB aged; Web of Science: (((AB=(martial arts)) OR AB=(fighting)) OR AB=(combat
sport)) AND AB=(aged).

Nos critérios de elegibilidade foram incluidos estudos experimentais e quase
experimentais que analisaram os efeitos do esporte de combate em idosos. Foram excluidos
artigos publicados em congresso, artigos de revisdo sistematica e metanalise.

O Risco de vies foi verificado através da ferramenta Risk of Bias In non-randomized
Studies — of Interventions (ROBINS-I), que contém sete elementos para classificacdo e é
realizada em 3 etapas, a seguir, no pré-intervencéo, intervencéo e pés-intervencio ®. O tnico
estudo ©® ndo randomizado apresentou risco baixo de viés pelos critérios da ferramenta. O
risco de viés dos estudos experimentais foi realizado pela ferramenta Cochrane Collaboration,
disponivel em: <https://training.cochrane.org/handbook/>. Os estudos %™ apresentaram
classificagcdo “baixo” na avaliagdo de enviesamento.

Na qualidade metodologica todos os estudos apresentaram a classificagao “incerto” no
item de cegamento dos avaliadores, com excecdo do estudo de Chen et al. © recebeu a
classificagdo “alto” por ndo utilizar o processo de randomizagdo na intervengao. (14)

Resultados: Os estudos variaram o0 ano de publicacdo entre 2002 e 2021. Em relagdo
ao pafs de origem, 3 estudos sdo dos EUA ©39 e 2 estudos da China *®*?. Os ensaios clinicos
randomizados aparecem em todos os estudos com exce¢do do estudo de intervencdo quase
experimental de Chen et al. ©. A idade média do GE foi de 70 e do CG 72 anos. A média de
72 participantes no GE e 63 no GC. O sexo feminino foi evidenciado nos 5 estudos incluidos
nessa revisdo sistematica enquanto o masculino em 3 estudos. O nimero total de participantes
foi de 764.

Dentre as artes marciais, apenas o Tai Chi Chuan (5 estudos) aparece evidenciando as
variaveis propostas nesta reviséo sistematica. A duracdo da intervencdo variou entre 12 e 48
semanas e 0 volume de treinamento teve uma média de 45 minutos por sesséo e 3 vezes por
semana.

Nos 5 estudos incluidos nessa revisdo sistematica as variaveis de qualidade de vida e


https://web-s-ebscohost.ez83.periodicos.capes.gov.br/ehost/breadbox/search?term=AB%20martial%20arts%20OR%20AB%20fighting%20OR%20AB%20combat%20sports%20AND%20AB%20aged&sid=23f71bc3-e32d-4927-a622-a4c2c564a3ee%40redis&vid=57
https://web-s-ebscohost.ez83.periodicos.capes.gov.br/ehost/breadbox/search?term=AB%20martial%20arts%20OR%20AB%20fighting%20OR%20AB%20combat%20sports%20AND%20AB%20aged&sid=23f71bc3-e32d-4927-a622-a4c2c564a3ee%40redis&vid=57
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sono foram analisadas.

Discussdo: Chen at al. ®, Chyu et al. ©, Chan et al. “ analisaram a variavel
qualidade de vida. Houve reducéo (p<0,05) da perturbacao total do humor e seus 6 estados
(tensdo-ansiedade, depressdo-rejeicao, raiva-hostilidade, vigor-atividade, fadiga-inércia e
confusdo-perplexidade) e aumentos (p<0,05) da saude fisica e mental. Os testes percep¢do do
estresse, SF12, alto eficécia, SF-36; O POMS-SF foram utilizados. Corroborando com Chen
at al. ©, Chyu et al. @ Chan et al. @, Chittrakul et al. *? conduziram um estudo com
exercicios multicomponentes (forca, flexibilidade, equilibrio, tempo de reacdo e
propriocepcao), exercicios estes que envolvem qualidades fisicas utilizadas nas artes marciais.
Participaram do estudo 72 idosos divididos em 2 grupos (GE= 36 e GC= 36), de ambos 0s
sexos e com idade média de 69 anos. Foi utilizado o questionario de qualidade de vida
relacionada com saude (HRQOL) e ambos os grupos apresentaram melhoras (p<0,05) na
variavel qualidade de vida.

O sono foi avaliado por Li et al. ® Siu et al. *®, os estudos verificaram melhora
(p<0,05) nesta varidvel. Os testes utilizados foram o de laténcia do sono, duracdo do sono,
eficiéncia habitual do sono, distarbios do sono, sonoléncia, tempo de vigilia ap6s o inicio do
sono, nimero de despertares e tempo médio de despertar. Corroborando com Li et al. ©, Siu
et al. ™, um estudo controlado randomizado conduzido por Irwin et al. ** investigou 112
mulheres com idade média de 69 anos e o grupo experimental foi submetido ao Tai Chi
Chuan minutos por dia, 3 x semana durante 16 semanas, houve melhora (p<0,05) no sono, 0s
testes utilizados foram o escore global do questionario de pittsburgh sobre a qualidade do
sono (PSQI), eficiéncia habitual do sono, qualidade do sono, duragdo do sono e disturbio do
sono.

Conclusé@o: De acordo com os 5 estudos incluidos nessa revisdo sistematica as
diferentes artes marciais sao eficazes na saude fisica e mental da pessoa idosa. Resultados
favoraveis foram encontrados nas variaveis fisicas da qualidade de vida e sono de idosos. Os
estudos ao avaliarem o sono de idosos utilizaram em maior parte 0s meus protocolos de
testagem facilitando a confirmagdo dos resultados encontrados, enquanto a avaliacdo da
gualidade de vida diferentes protocolos foram utilizados. Vale ressaltar que € preciso
investigar estudos envolvendo outras artes marciais (Capoeira, Kung-Fu, Krav-Magé, Aikido,
Muay Thai, Sanda, Taekwondo, Sumd) e os possiveis efeitos na qualidade de vida e sono de
idosos. Foi observado que ha poucos estudos experimentais com artes marciais comparados a

outras modalidades de esporte envolvendo idosos e possiveis beneficios em diferentes
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variaveis fisicas (forca, flexibilidade e capacidade cardiorrespiratdria) e mentais (autoestima e

autoimagem) devem ser investigados.

Palavras-chave: Arte marcial; Idosos; Qualidade de vida, Sono.
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Effects of taekwondo on health in older people: a systematic review
Efectos del tackwondo sobre la salud en adultos mayores: una revision sistematica
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Abstract. Objective: This studyaimed to identify the effects of tackwondo on health in elderly individuals. Methods: A systematic liter-
ature review was conducted following the PRISMA recommendations and regisbered on PROSPERO, as number CRD42021279561.
The electronic databases MEDLINE (via PubMed), Scopus, SPORTDiscus, and Web of Science were searched, with the Medical
Subject Headings (MeSH) terms “martial arts” and “aged” and the alternative terms “tackwondo”, “elderly”, and “older”. We included
studies that analysed the effects of tackwondo on health-related variables in older adults of both sexes. The risk of bias of the included
exl)erirnental and quasi- exPerixnental studies were analysed using the Cochrane Collaboration tool and the Risk Of Bias In Non-ran-
domised Studies — of Interventions (ROBINS-I) tool, respectively. Results: Seven studies met the eligibility criteria. The interventions
of the included studies ranged from 6 to 17 weeks, with 45 to 90 minutes per training session, and frequency from 3 to 5 times a week.
The total sample number was 160 participants, with a predominance of females in the samples. After the tackwondo intervention, the
protocols demonstrated improvement in muscle strength, flexibility, balance, and body composition. Conclusion: The investigated
studies showed that taekwondo can effectively maintain health and develop physical qualities in the older population. Nevertheless,
these ﬁndings should be considered Prelj.nm)ary due to the relativel_v small saxnple and heterogeneit_v of the interventions of the iden-
tified studies.

Keywords: Sports, Exercise, Aged, Martial arts, Health.

Resumen. Objetivo: Este estudio tuvo como objetivo identificar los efectos del tackwondo en la salud de adultos mayores. Métodos:
Se realizé una revisién sistematica de la literatura siguiendo las recomendaciones PRISMA y 1'egjstrada en PROSPERO, con el niimero
CRD42021279561. Se realizaron busquedas en las bases de datos MEDLINE (a través de PubMed), Scopus, SPORTDiscus y Web of
Science, con los términos del Medical SubjectHeadings (MeSH) “martialarts” y “aged” y los términos alternativos “tackwondo”, “el-
derl-\'”, -v “Oldel'”A Se j.llclll.verol] estudios que analimroll los efeﬂtos del taek‘\'cndo Sobl'e Val'ia])les reladorladﬁs con la Salud en adllltos
ll]a}'ores de ml]l)os SE€XOos. El l'iesgo de Sesgo de 105 estudios exl)erjlllentales }' Cuasjexperinlent:\les u)cluldos se alla.lizé med.imte Ia hEV
rramienta de la Colaboracién Cochrane y la herramienta Riesgo de sesgo en estudios no aleatorios de intervenciones (ROBINS-I), res-
pectivamente. Resultados: Siete estudios cumplieron los criterios de elegibilidad. Las intervenciones de los estudios incluidos variaron
de seis a 17 semanas, con 45 a 90 minutos por sesién de entrenamiento y una frecuencia de tres a cinco veces por semana. El nimero
total de la muestra fue de 160 participantes, con Predoxnjnio del sexo femenino. Los 1)1‘otocolos demostraron una mejora en la fuerza
muscular, la flexibilidad, el equilibrio y la composicién corporal después de la intervencién de tackwondo. Conclusién: Los estudios
investigados demostraron que el tackwondo puede ser efectivo en el mantenimiento de la salud y el desarrollo de las cualidades fisicas
en la Pobladc’m de adultos mayores. No obstante, estos ln“azgos deben considerarse Preliminares debido a la muestra relativamente
pequenay la heterogeneidad de las intervenciones de los estudios identificados.

Palabras clave: Deportes, Ejercicio, Envejecimiento, Artes mardiales, Salud.

Introduction

Biological ageing is associated with a reduction in
repair capacity and regenerative potential in human tis-
sues and organs. The decrease in physiological reserve
in response to stress (homeostenosis) is characterised by
immunosenescence, a progressive degenerative process
of the immune system (Khan et al., 2017).

Other factors related to ageing are osteopenia (loss
of bone mass) and sarcopenia (loss of muscle mass). The

search for functional autonomy is crucial and the loss of
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bone and muscle mass appears as a negative aspect in ob-
taining results related to the health of elderly people. Thus,
osteoporosis presents itself as a public health problem
and is correlated with the risk of fractures due to frailty
(Cruz-Jentoft & Sayer, 2019; Curtis et al., 2015).

Likewise, structural and functional brain reductions
occur with the ageing process, impairing reaction speed,
perception, and memory. This entails difficulty in making
decisions and performing daily life activities. Physical exer-
cise play's an essential role in reducing these degcnerative
processes caused by senescence (Cho & Roh, 2019; Rome-
ro Ramos et al., 2021).

The number of deaths in older people is related to phy-
sical inactivity and can be caused by cerebrovascular, cardio-

vascular, metabolic diseases, age, gender, and lifestyle habits
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(Kim etal., 2021). According to Ramalho et al. (2021), a
sedentary lifestyle is common in older people. This excessi-
ve daily sedentary behavior can be reduced to achieve heal-
thy aging. There is a correlation between higher physical
activity levels and a decrease in cardiovascular morbidity
and mortality in the aging process. Older individuals who
practice regular physical exercise show positive physiologi-
cal responses (Honisett et al., 2016; Jakovljevic, 2018).

The regular practice of physical exercise has a pro-
phylactic and therapeutic effect on older individuals, lea-
ding to better functional autonomy, improved quality of
life, and performance of activities of daily living (Won et
al., 2019; Ramalho et al., 2021). Hence, physical exercise
works as a non-pharmacological strategy to maintain health
during ageing. Additionally, it prevents diseases, preserves
muscle mass and strength, improves body composition,
and positively impacts the quality of life of older people
(Galloza et al., 2017; Marcos-Pardo etal., 2019).

However, physical exercise, in its different forms such
as resistance training, aerobic training, and aquatic exerci-
ses, is vital in maintaining and developing health. Martial
arts are an option that can bring benefits to older people,
such as improvements in motor coordination, static and
dynamic balance, muscle strength, and endurance (Csapo
& Alegre, 2016; Sungkaratet al., 2017; Silva et al., 2019;
Seals et al., 2019). Among the various martial arts, the-
re is tackwondo, which originated in Korea and entered
the Olympic context in the Sydney 2000 Olympic Games
(Apollaro & Ruscello, 2021).

Taekwondo is a combat sport practised in most coun-
tries worldwide with approximately 120 million children
and adults around the world. The word taekwondo means
“path of the feet and hands”, which characterises this moda-
lity as a full-contact free-sparring sport that uses punching
and kicking movements (Wazir et al., 2019; Castro-Garri-
doetal., 2020).

The practice of tackwondo can be an effective strategy
for the older population. The diversity of frequency, inten-
sity, duration, and type of application of this modality can
optimise the results in the intervening physical qualities of
the tackwondo martial art (Lee etal., 2019).

However, it is not clear in the scientific literature the
contribution of this type of physical exercise to variables
related to health in older people. This increases the need to
expand scientific knowledge about the practice of tackwon-
do in aging. Therefore, the present study aimed to identify
the effects of tackwondo on health in older individuals.

Methods

This study is characterised as a systematic literatu-

re review. The procedures for conducting this research

followed the criteria of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
(Page et al., 2021). The protocol of this study was re-
gistered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO), with registration ID
CRD42021279561.

Search strategy

Two experienced and independent researchers con-
ducted an electronic search without language or time fil-
ters, in November 2021, in the MEDLINE (via PubMed),
Scopus, SPORTDiscus, and Web of Science databases.
Any divergences between the two researchers were sol-
ved through discussion or arbitration of a third researcher-
The terms related to the theme were searched in the Heal-
th Sciences Descriptors (DeCS) and the Medical Subject
Headings (MeSH) and the descriptors found were “martial
arts” and “aged”, and the alternative terms were “tackwon-
do”, “elderly” and “older”. Then, these terms were grou-
ped in a single Boolean sentence as follows: “tackwondo
AND elderly” OR “tackwondo AND older” OR “tackwon-
do AND aged” OR “martial arts AND elderly” OR “mar-
tial arts AND older” OR “martial arts AND aged”.

Inclusion criteria

Experimental and quasi-experimental studies that
analysed the effects of tackwondo on health-related varia-
bles in older adults of both sexes were included. Studies
that did not use tackwondo as the primary intervention
and articles published in congresses, systematic review

articles, and meta-analyses were excluded.

Risk of bias assessment

Two authors independently assessed the risk of bias
for each included study. If the score was inconsistent, a
third author was consulted to decide the final score. We
used the Risk of Bias In Non-randomized Studies — of In-
terventions (ROBINS-I) tool to verify the risk of bias in
the quasi-experimental studies. This instrument contains
seven elements for classification and is carried out in three
stages, pre-intervention, intervention, and post-interven-
tion. The risk of bias score is assigned to each domain ac-
cording to the classification “high risk of bias”, “severe risk
of bias”, “moderate risk of bias”, “low risk of bias”, and “no
information” (Sterne et al., 2016).

To verify the risk of bias in the experimental studies,
we used the Cochrane Collaboration tool, available at
<https: / /training.cochrane.org/handbook/>. This ins-
trument has seven domains that analyse the risk of bias
from the randomised controlled trials (RCT): 1) genera-
tion of the random sequence; 2) allocation concealment;

3) blinding of evaluators and participants; 4) blinding of
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outcome evaluators; 5) incomplete outcomes; 6) reports
of selective outcomes; 7) report on other sources of bias.
Each domain has the risk of bias classified as “high”, “un-
certain”, or “low” (Carvalho et al., 2013).

Data extraction

Data from the included publications were extracted
independently by two authors, and any discrepancies
were settled in a consensus meeting with a third author.
The variables extracted were: authors, publication year,
country, characteristics of the study population (age,
sex, and sample size), and intervention data, including
general and specific exercises, duration of the interven-
tion(weeks), training volume (duration of the training
session, in minutes, and frequency, in times per week),
evaluation, and outcome findings for physical and men-

tal health.

Results
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Table 1 shows the mean and standard deviation
values of the experimental (EG) and control (CG)
groups, sex, and sample size of the studies included
in this systematic review. The mean age of the par-
ticipants in the EG and CG of all included studies
was 71.47 and 70.78 years old, respectively, and the
average number of participants was 15.1. The sam-
ple of the included studies consisted of 160 partici-
pants, with 100 individuals from the EG and 60from
the CG. Regarding the origin of the interventions, 5
studies (Baek et al., 2021; Cho & Roh, 2019; Kim
et al., 2021; Kim & Park, 2012; Youm et al., 2011)
were held in the home country of tackwondo, Korea.
The years of publication ranged from 2002 to 2021.
Females had greater participation in the number of
volunteers in the included studies. Baek et al. (2021),
Kim et al. (2021), and Lee etal. (2019) used a specif-

ic program for sample calculation.

Table 1
In total, 155 publications were found from the data-  sample characterisation.
base search following the proposed research methodology  author, year Cowntry Study design Age: x:i)i D o Groups (n)
(MEDLINE via PubMed = 19; Scopus = 63; SPORTDis- g TKora ntervention EG 7552545 F  EG 12
cus = 8; Web of Science = 65). After using the selection 2021 study  CG:72.40%3.81 CG: 12
2 2 z z venti i /N 112
criteria, a total of 7 studies were included: 4 RCT and 3 B:J“dl:gl(;ft usa Imesr;.:fmn EG:m P EG:H
non-randomised studies (Figure 1). Cho & Roh,  Korea RCT EG: 6889%416 F EG:19
2019 CG:6900% 4 41 CG: 18
Kim & Park, Korea Intervention EG:75.58 £0.58 F/M EG:17
2012 study
Kimetal., Korea RCT EG:7290+t584 F EG: 10
E o 2021 CG: 7190+ 3.11 CG: 10
'Z || Records identified through ) Lee etal, Netherlnds RCT EG: 70 £ 4 F EG:10
% database searching > Duplicates records removed (n = 8) 2019 CG- 70 +4 cG: 10
3 (=133 Youmetal, Korea RCT EG1:69.4+58 F EG:20
= l 2011 EG2: 71.4%76 CG: 10
?4 CG:70.6 4.8
Records screened Records excluded based on title and
E Lc:: :::;L;m — ceores :’l():lra:l (nttug;l e SD: standard deviation; RCT: randomised controlled trial; EG: experimental
% group; CG: control group; F: female; M: male; USA: United States of
() 1 America.
Full-text articles assessed for Full-text articles excluded, with
cligbility » reasons (n= 7
= (n=14) * Other interventions or experiments Table 2 presents the risk of bias in the non-randomi-
— l sed included studies by the ROBINS-I tool. Two studies
= )
g St i i G (Baek et al., 2021; Kim & Park, 2012) had a moderate
2| systematic review (n=7) risk of bias, and one study (Brudnak et al., 2002) had a
Figure 1. Flow diagram of study selection. high risk of bias.
Table 2
Risk of bias of the non-randomised studies (ROBINS-I tool).
. ] . Bias due to Ny rcas wan
s ik Bias in the selection of  Bias in the i Bias due to Bias in measurement Bias in the
Studies na; e participants into the classification of P e‘:t n;e 4 missing of selection of the Overall bias
ccfounding study mterventions B data outcomes reported result
) interventions
Baeketal., 2021 NI NI Moderate NI NI NI NI Moderate
Brudnak et al., 2002 High Moderate NI High High High High High
Kim & Park, 2012 Moderate Moderate NI NI NI NI NI Moderate

NI: No information.
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Table 3 shows the risk of bias of the included RCT asses-
sed through the Cochrane Collaboration tool. The four stu-
dies (Cho & Roh, 2019; Kim et al., 2021; Lee et al., 2019;
Youm etal., 2011) were classified as having no risk of bias.

Table 3
Risk of bias analysis for randomised studies (Cochrane Collaboration tool).
Studies 1 2 3 4 5 6 7  Total
Cho & Roh, 2019 Low Low Low Low Low Low Low Low
Kimetal , 2021 Low Low Low Low Low Low Low Low
Leeetal ,2019 Low Low Low Low Low Low Low Low
Youmetal., 2011 Low Low Low Low Low Low Low Low
1: Randomisation; 2: Allocation of randomisation; 3: Blinding of

participants; 4: Blinding of the evaluators; 5: Incomplete outcomes; 6:
Report on the selective outcome; 7: Other sources of bias.

Table 4 shows the intervention characteristics and training
volume of the studies. Most studies (Baek et al., 2021; Brudnak
etal., 2002; Cho & Roh, 2019; Kim & Park, 2012; Kim et al.,
2021; Lee etal., 2019; Youm etal., 2011) used 2 groups: 1 EG
and I CG. Of these studies, EG participants performed specific
tackwondo exercises and CG participants did not perform exer-
cises. Warm-up, walking, stretching, and cool-down were also
part of the ntervention in the EG. The training ntensity ranged
from 40 to 80% using the physiological parameters heart rate
and scores of 9 to 13 on the rating of perceived exertion (RPE-
Borg). The training volume ranged from 6 to 17 weeks, 45 to 60

minutes per week, and 3 to 5 sessions per week.

Table 4
Study intervention data.
Study Intervention ](D“::':i:;‘ VT
EG: Warm-up, walling, stretching,
taekwondo-specific exercises, and cool-down
Baek etal., Intensity: 12 60 min
2021 1 to 6 weeks with RPE 10 and 11 3% /week
7 and 12 weeks with RPE 12 and 13
CG: No exercise
B:l“d’;gl; ; £ EG: Taekwondo traming 17 NI
EG: Warm-up, walking, stretchmg, 60 min
Cho & Roh, taekwondo trainmg, and cool-down WP
2019 Intensity: 50-80% HRmax
CG: No exercise
Kim & EG: Warm-up, tackwondo trammg, and cool- 6 45 min
Park, 2012 down 3% /week
EG: Warm-up, taekwondo trammg, and cool-
down
Kmetal., Intensity: 12 90 min
2021 weeks 1 to 4: 40—59% of HRR T 3X/week
weeks 5 to 12: 60-75% of HRR
CG: No exercise
EG: Warm-up, tackwondo training, and cool-
down
Leeetal., Intensity: 1% 60 min
2019 week 1 to 4: 30—40% of HRR T 3x/week
last 4 weeks: increased up to 50-60% of HRR
CG: No exercise
EG1: Warm-up, tackwondo training, and
cool-down
EG2: Warm-up, stretching, walkng, and
Youm et cool-down 60 min
al., 2011 Itensity (EG1 nd EG2): 12 3% /week

weeks 1 to 4: 40—50% HRmax and 9-11 RPE
weeks 5 to 12: 50-60% of HRmax and 9—13
RPE
CG: No exercise
EG: experimental group; CG: control group; VT: volume of training; RPE:
rating of perceived exertion; HRmax: maximum heart rate; HRR: heart rate
reserve; min: minutes; X/week: times a week; NI: not mformed.

Table 5 presents the extracted data regarding the eva-
luation and results. According to each study, the evaluation
variable was divided between 1 and 4 moments. Functional
fitness and balance appeared more frequently in the included
studies. Variables such as muscle strength, depression, body
composition, and physiological markers were also analysed.
Regarding the statistical treatment performed in the studies,
all authors, except for Brudnak et al. (2002), used a signifi-

cance level of p<<0.05 in inter and intra-group comparisons.
Discussion

The present study aimed to identify the effects of tae-
kwondo on variables related to physical and mental heal-
th in older people. The analysis of the 7 included studies
showed that tackwondo practice for at least 6 weeks, 3
sessions with 45 minutes per week, can be effective in the
performance of balance and gait of elderly people.

In the study by Baek et al. (2021), functional fitness and
depression were evaluated. After the intervention with tae-
kwondo, positive results were observed in increasing func-
tional fitness and reducing levels of depression in the elder-
ly. In a similar study, Lee et al. (2019) found improvement
in physical fitness results with the application of tackwondo
techniques compared to the CG, which did not perform
physical exercises. Those studies used different instruments
to assess the same variable, including anthropometry, phy-
sical fitness, biochemical factors, and cognitive activity.
However, regarding physical fitness, studies by Cho and
Roh (2019) and Kim et al. (2021) found similar significant
results on increased post-tackwondo intervention physical
fimess in older adults.

Studies by Kim and Park (2012) and Brudnak et al.
(2002) analysed body positioning during walking and ba-
lance and Youm et al. (2011) verified the balance. In the
studies conducted by Kim and Park (2012), Brudnak et
al. (2002), and Youm et al. (2011), the balance variable
showed significant improvement after the intervention.
Regarding the body position variable, there was a signifi-
cant improvement (p < 0.05) in the studies presented by
Kim and Park (2012) and Brudnak et al. (2002).

Studies involving other martial arts corroborate this sys-
tematic review, such as the experimental study by Cojocariu
and Cuza (2012). Eight individuals aged between 50 and 60
years practiced martial arts exercises for 6 months, 2 times
a week, 1 hour per session. The authors found an increase
in cardiorespiratory function (mL/kgmin), a reduction in
resting heart rate (bpm), a reduction in systolic blood pres-
sure at rest (mmHg), and an increase in lung elasticity (cm).
Likewise, Kim et al. (2021) found significant improvements
in the assessment of cardiovascular factors after 12 weeks of

taekwondo Ppractice, 3 times a week, 90 minutes per session.

e {» I
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Table 5
Evaluation data and results of the included studies.
Study Assessment Results (EG)
Baek et al., 2021 Physical fitness T hand grip strength (d=1.81); T gait speed (d= 2.00)
Body composition | BMI (d=-0.29); %BF (d=-0.56)
Mental health 1 GDS-K (d=1.41); T K-DSQ (d=-0.95)
Biochemical markers | total cholesterol (d=-1.25); | LDL (d=-1.07); | adiponectin (d= 0.98); |
arteriosclerosis index (d= -1.39); | B-amyloid (d=-0.51); <> irisin (d=-0.50)
Brudnak etal., 2002 Physical fitness T 3.5-inch flexibility; T one leg balance; T pushups
Cho & Roh, 2019 Physical fitness T 30 s chair stand (d=0.65); T chair sit-and-reach (d=0.21); T2 min step (d=0.36); <
30 s arm curl (d=0.03); <> back scratch (d=-0.07); <> 2.44 m up-and-go (d=-0.18)
Neurotrophic growth 1 BDNE (d=0.65); T VEGE (d=0.15); T IGE-1 (d=0.27)
CBF velocity > SEV (d=0.02). DEV (d=0.07). and MFV (d=0.05) of MCAs
Cognitive function T MMSE-DS (d= 0.37); T color-word test (d=0.47)
Kim & Park, 2012 Physical fitnes T maximum oscillation (d=-3.56); T oscillation distance (d=-2.29); Toscillation area
(d=-0.87)
Gait T BBS (d=0.08); < gait time (d=0.00); T step length (d=1.79); | right base of support
(d=-3.89); lright limb support time (d=-3.57); T left stride length; < right stride
length (d=2.36)
Kim etal., 2021 Physical fitness T moderate-high intensity physical activity (d=3.42); T handgrip strength (d=0.76); T

Body composition

CVD risk factors and EAT

step count (d=4.41); T trunk flexion in a sitting position (d=0.76); T 2 min walk
(d=0.96)

| BMI (d=-0.16); T lean body mass(d=0.57); | %BF (d=-0.75); | hip circumference
(d=-0.65)

| total cholesterol (d=-0.77); | triglycerides (d=-0.77); T HDL (d=1.32); | LDL (d=-
0.77); | interleukin-1B (d=-1.00); | TNE{ (d=-0.89); | MVO, rest (d=-1.29); |
diastolic blood pressure (d=-2.58); | systolic blood pressure (d=-1.75); | EAT (d=-
0.11) ; <> mean blood pressure (d=-2.32)

Leeetal., 2019

Physical fitness

Body composition
Biochemical marker

Pulse wave velocity

| HR (d=-0.77). | systolic blood pressure (d=7.00); | diastolic blood pressure (d=-
5.50); T hand grip strength (d=-0.75); T leg strength (d= 0.33)

| BMI (d=-0.63)

| epinephrine

| brachial-ankle pulse wave velocity

Youm et al., 2011

Physical fitness

| COP trajectories (d=-1.32)

EG: experimental group; BMI: body mass index; %BF: body fat percentage; GDS-K: Geratric Depression Scale-Korea; K-DSQ: Korean Dementia Screening
Questionnaire; MMSE-DS: Mini-Mental State Examination for dementia screening; LDL: low-density lipoprotein; HDL: high-density lipoprotein; CBF: cerebral
blood flow; SFV: systolic flow velocity; DFV: diastolic flow velocity; MFV: mean flow velocity; MCAs: middle cerebral arteries; BDNF: brain-derived
neurotrophic factor; VEGF: vascular endothelial growth factor; IGF-1: insulin-like growth factor I; BBS: Berg balance scale; CVD: cardiovascular disease; TNF1:
tumor necrosis factor-1; MVO,: measurement of the oxygen consumed by the myocardium muscle; EAT: epicardial adipose tissue; HR: heart rate; COP: center

of pressure; d: Cohen’s d effect size. | increase; > maintenance; | reduction.

The study conducted by Mendonga et al. (2017) com-
pared 20 older Kendo fighters in terms of quality of life,
strength (kg), balance, and body composition (kg). Parti-
cipants were divided into 2 groups: the Kendo group (age:
71.8 = 5.4 vears) and the CG (age: 73.1 £ 4.8 vears). The
results showed gainsin strength, balance, quality of life, and
better body composition in the EG compared to the CG.

Ma et al. (2019) analysed 33 older people who recei-
ved an intervention with 1 hour per session, and 2 sessions
per week for 3 months. The results revealed that the mean
latency of onset of gastrocnemius muscle activation (ms)
was significantly higher in the EG after the intervention.
The time to peak strength in the knee flexors (kg) was sig-
nificantly longer in the EG but not in the CG at post-test
compared to the pre-test value.

Following the same line of intervention, Kim et al-
(2019) analysed a total of 46 older women divided into 2
groups, group 1 (Tai chi) and group 2 (Tackkyon), with
amean age of 71.4 £ 3.3 and 70.9 T 4.3 vears, respecti-
vely. Both groups completed 1 hour of Tai chi or Tackk-

von exercises twice a week for 12 consecutive weeks (24

_40-

sessions in total). The study aimed to compare the effects
of Tai chi and Taekkyon exercise programs on lower limb
strength, balance, and gait ability in community-dwelling
elderly women as a method of preventing falls. Both groups
showed improvements (p < 0.05) in balance (s), muscle
strength (kg), and spatiotemporal gait parameters (cm/s),
except for step width.

Additionally, Lip et al. (2015) investigated 12 elder-
ly people divided into 2 groups: EG (n=12; age: 69.0
7.3 years) and CG (n= 27; age: 74.0 £ 4.7 years). The
intervention lasted 3 months in the EG while the CG did
not receive any type of training. This study investigated
the effects of the Chinese martial art Ving Tsun on radi-
al bone strength, upper and lower limb muscle strength
(kg), shoulder joint mobility, and balance performance.
The results showed that there was no statistically signif-
icant difference in time interaction effect, group effect,
and time effect for all outcome variables. However, gen-
eral maintenance trends or improvement in all outcome
parameters were observed to a greater extent in the EG
than in the CG.
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In evaluating the risk of bias in the studies, according to
the ROBINS-I tool, two studies (Back et al., 2021; Kim &
Park, 2012) were classified as “moderate risk of bias”, pre-
senting an intervention activity in disagreement with the
study. The study by Brudnak et al. (2002) was classified as
“high risk of bias”, as data were omitted, confusing the al-
location of participants, reliability of assessments, and lack
of statistical data. However, four studies (Kim etal., 2021;
Lee et al., 2019; Youm et al., 2011; Cho & Roh, 2019)
presented significant sample numbers, statistical data, and
results within the evaluation criteria according to the Co-
chrane Collaboration tool, ranking them at low risk of bias.
A strong point in the included studies was the intervention,
which was characterised by warm-up, stretching, specific
tackwondo techniques involving kicking, punching, forms,
fighting techniques, and cool-down, factors that improve
physical fimess and development of functional autonomy-

Some variations in the results related to the physical fit-
ness variable in the studies included in the present system-
atic review can be justified due to the different intervention
methods, time, volume, and training intensity. It should
be considered that tackwondo has a variety of techniques
and movements that can generate different physiological
responses after a training pel‘iod.

The present study has some limitations. The first lim-
itation was the low number of studies that were screened
according to the search strategy addressing the effectiveness
of tackwondo in older people. The second limitation was
the presence of different intervention methods in analysing
the effects of tackwondo in older people.

Conclusion

Tackwondo presented itself as an intervention that
brings positive responses to health by promoting improve-
ments in physical fitness, physiological, biochemical, and
cognitive variables of older individuals. Increases in physi-
cal fitness, improvements in physiological components, and
cognitive activities were verified in the studies included in
this systematic review, confirming that Korean martial art
can improve the health of the older population. Thus, the
practice of tackwondo regularly can be an efficient inter-
vention strategy to minimize the deleterious effects of ag-
ing and provide a better perception of the health state and
well-being of older people.

However, further experimental studies are needed to
verify the effects of tackwondo in this population, which, due
to senescence, present physiological degenerative processes
i different body systems. It is suggested that future studies
analyse possible changes in aspects of exercise science, such as
bone mineral density, cardiac alterations, and muscle markers
to elucidate other effects of tackwondo in older individuals.
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5 IMPACTO DO TAEKWONDO SOBRE OS MARCADORES FISIOLOGICOS DE
REMODELAGEM OSSEA, FORCA MUSCULAR, AUTONOMIA FUNCIONAL,
AUTOESTIMA E AUTOIMAGEM EM IDOSAS: UM ENSAIO CLINICO RANDOMIZADO

Impacto do taekwondo sobre os marcadores fisiolégicos de remodelagem 0Ossea, forca
muscular, autonomia funcional, autoestima e autoimagem em idosas: um ensaio clinico

randomizado

RESUMO

Contextualizacdo: O envelhecimento bioldgico estd associado a reducdo na capacidade
reparadora e potencial regenerativa em tecidos e 6rgaos. A atividade fisica como intervencédo
ndo farmacoldgica € recomendada de maneira adequada e por longos periodos no tratamento da
osteoporose, pois nao produz efeitos colaterais. Desta forma, o taekwondo pode apresentar
melhoras no desenvolvimento esquelético, coordenagdo motora geral e equilibrio em
individuos de qualquer idade, sobretudo em idosos. Objetivo: Este estudo teve como objetivo
verificar os efeitos do treinamento do taekwondo sobre marcadores fisiologicos de
remodelagem Ossea, forca muscular, autonomia funcional, autoestima e autoimagem em
idosos. Métodos: Trata-se de uma pesquisa experimental com desenho para dois grupos onde
foram avaliados pré e pos periodo de intervencdo. A amostra foi composta por 27 mulheres
idosas inexperientes com a pratica do taekwondo com a faixa de idade entre 60 e 70 anos
distribuidos randomicamente. Foram avaliados a autoestima, autoimagem, medidas
antropométricas, autonomia funcional e biomarcadores 6sseos (fosfatase alcalina, fosforo
sérico, vitamina B12, vitamina D e PTH). Resultados: Houve melhora (p<0,05) da
autoestima e autoimagem na comparacgéo intergrupo e intragrupo. A for¢a muscular foi uma
das variaveis investigadas neste estudo, os testes de flexdo de cotovelo e, sentar e levantar
foram utilizados, no GE aumentos (p<0,05) da forca muscular foram encontrados na
comparacdo intragrupo e intergrupo (pés-teste) em ambos os testes. Na avaliacdo da
autoestima foram encontradas diferencas (p<0,05) nos GE e GC na comparacao intragrupo e
intergrupo indicando aumentos da autoestima. Na autonomia funcional, foi utilizado o
protocolo GDLAM, houve aumento (p<0,05) no GE na avalia¢do intragrupo. Na avaliacao
dos biomarcadores 0sseos foram encontradas diferencas (p<0,05) em todas as variaveis
analisadas na comparacdo intragrupo (pré vs po6s) no GE. Conclusdo: Os resultados
encontrados neste estudo experimental apoiam a eficdcia da pratica do taekwondo nos
marcadores fisioldgicos de remodelagem dssea, na forca muscular, na autonomia funcional e
na automiagem de idosos.

Palavras-Chave: lIdosos. Taekwondo. Remodelagem 6ssea. Atividades da vida diaria.
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ABSTRACT

Background: Biological aging is associated with a reduction in repair capacity and
regenerative potential in tissues and organs. Physical activity as a non-pharmacological
intervention is appropriately recommended and for long periods in the treatment of
osteoporosis, as it does not produce side effects. In this way, taekwondo can improve skeletal
development, general motor coordination and balance in individuals of any age, especially in
the elderly. Objective: This study aimed to verify the effects of taekwondo training on
physiological markers of bone remodeling, muscle strength, functional autonomy, self-esteem
and self-image in the elderly. Methods: This is an experimental study designed for two
groups where pre and post intervention periods were evaluated. The sample consisted of 27
elderly women inexperienced with the practice of tackwondo with the age range between 60
and 70 years distributed randomly. Self-esteem, self-image, anthropometric measurements,
functional autonomy and bone biomarkers (alkaline phosphatase, serum phosphorus, vitamin
B12, vitamin D and PTH) were evaluated. Results: There was an improvement (p<0.05) in
self-esteem and self-image in the intergroup and intragroup comparison. Muscle strength was
one of the variables investigated in this study, the elbow flexion and sitting and standing tests
were used, in the EG increases (p<0.05) of muscle strength were found in the intragroup and
intergroup comparison (post-test) in both tests. In the evaluation of self-esteem, differences
(p<0.05) were found in the EG and CG in the intragroup and intergroup comparison,
indicating increases in self-esteem. In functional autonomy, the GDLAM protocol was used,
there was an increase (p<0.05) in EG in the intragroup evaluation. In the evaluation of bone
biomarkers, differences (p<0.05) were found in all variables analyzed in the intragroup
comparison (pre vs. post) in the EG. Conclusion: The results found in this experimental study
support the effectiveness of taekwondo practice on physiological markers of bone remodeling,
muscle strength, functional autonomy and self-image in the elderly.

Keywords: Older. Taekwondo. Bone remodeling.
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INTRODUCAO

O envelhecimento bioldgico esta associado a uma reducéo na capacidade reparadora e
potencial regenerativo em tecidos e 6rgaos. Esta reducdo se manifesta como diminuicdo da
reserva fisiologica em resposta ao estresse (denominada homeostenose), que é caracterizada
pela imunossenescéncia, sendo considerado como um processo degenerativo progressivo no
sistema imunoldgico (EL-KADER et al., 2018; KHAN et al., 2017).

No envelhecimento, a busca pela independéncia é importante e a perda de massa 6ssea
e muscular aparecem como fatores negativos na obtencdo desse resultado. Nesse contexto, a
osteoporose se apresenta como um problema de satde publica e é correlacionada por riscos de
fraturas devido a fragilidade (CURTIS et al., 2015). Em individuos adultos, o osso sofre
mudancas levando a um processo de remodelagem e reabsorcdo constante. Assim, marcadores
0sseos especificos podem quantificar esses processos que representam indicadores precoce de
alteracOes patoldgicas 6sseas como a osteoporose, além de trazer dados mais rapidos que a
medida 6ssea (RADUT et al., 2019).

A prevaléncia de sarcopenia pode variar de 3% a 24% dependendo dos critérios de
diagnostico usados e aumenta com a idade (TOURNADRE et al., 2018). Assim, a sarcopenia
pode reduzir a funcdo muscular e execucdo das atividades da vida diaria (AVD) (CURTIS et
al., 2015). Nesse sentido, individuos idosos necessitam preservar a autonomia funcional para
otimizar suas AVD. Assim, atividade fisica regular pode contribuir positivamente sobre a
autonomia funcional, reducdo do risco de quedas e prevengdo de doencas crbnico néo
transmissiveis. A forca muscular pode impactar diretamente sobre as AVD e aspectos
relacionados a autoestima e autoimagem. (ARAUJO-GOMES et al., 2020; MARCOS-
PARDO et al, 2019; TYLKA; WOOD-BARCALOW, 2015; WEBB; WOOD-
BARCALOW; TYLKA, 2015).

Na remodelagem Ossea, deficiéncias nutricionais, como vitamina B12), causam
doencas graves como insuficiéncia de crescimento e estresse oxidativo (HUEMER;
BAUMGARTNER, 2019). Outro marcador 6sseo é o fosforo sérico em que os niveis sofrem
influéncia do hormonio da paratiredide, fator de crescimento de fibroblastos23 e vitamina D
nos rins, 0ssos e sistema digestivo. Pessoas com 50 anos ou mais apresentam riscos altos de
doencas 6sseas, que aumentam o fosforo sérico e, consequentemente, podem elevar 0s riscos
de mortalidade e doencas cardiovasculares (SUKI; MOORE, 2016). A suplementacdo de
vitamina D3 mostrou resultados positivos ao sistema musculoesquelético em idosos, aumento

na area de seccdo transversa das fibras musculares do tipo I, ganho de forca muscular e reducéo
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do risco de queda (ANTONIAK; GREIG., 2017). Para a manutencdo da salde Ossea,
recomenda-se uma ingestdo ideal de célcio, vitamina D e proteinas (GROENENDIJK et al.,
2020). Outros marcadores como propeptideo aminoterminal do procolageno tipo 1 (P1INP) e
osteocalcina se fazem presentes nesse contexto, pois existe correlagdo entre danos no
metabolismo 0sseo e concentracBes elevadas de fosfatase alcalina em diferentes patologias
(MILIONI et al., 2014).

O envelhecimento ativo, por meio da atividade fisica regular, estimula a formacao
Ossea. Benedetti et al. (2018), Jakovljevic (2018) e Honisett et al. (2016) mostraram que a
terapia hormonal e exercicios tém efeitos protetores bem estabelecidos nos parametros 6sseos
e a utilizacao de marcadores fisioldgicos sdo importantes na analise da maturacao dssea.

A atividade fisica como intervencdo nao farmacoldgica é recomendada de maneira
adequada e por longos periodos no tratamento da osteoporose, pois ndo produz efeitos colaterais
(ZHANG et al., 2019). O nivel de esforgo para atividade fisica deve ser relativo ao nivel de
aptiddo e habilidade do adulto mais velno (MORA; VALENCIA, 2017). O osso responde
melhor a cargas mecanicas, levando a modificacbes 6sseas e da massa e forca muscular
(WATSON et al., 2017). Essas alteracfes favorecem a percepcao de autoestimae autoimagem
por aumentarem o desempenho sobre as AVD (ARAUJO-GOMES et al., 2020; MARCOS-
PARDO et al., 2019; TYLKA; WOOD-BARCALOW, 2015; WEBB; WOOD-
BARCALOW,; TYLKA, 2015). Dentre as diferentes variacdes de atividades fisicas, o
taekwondo e muitos outros esportes de lutas vém se popularizando nas Gltimas décadas com
um crescente nimero de participantes. A pratica regular de tackwondo em idosos melhora a
aptidao fisica e a funcdo cognitiva. (CHO et al., 2018; MA et al., 2018; WAZIR et al., 2020).

A perda dssea relacionada com a perda de for¢a muscular pode afetar as condi¢des de
realizacdo das AVD e, por consequéncia, a autoestima e autoimagem em idosos. Dessa forma,
0 objetivo do presente estudo foi analisar os efeitos do treinamento do taekwondo sobre
marcadores fisiolégicos de remodelagem Gssea, forca muscular, autonomia funcional,

autoestima e autoimagem em mulheres idosas.

METODOS

Delineamento
Trata-se de uma pesquisa experimental com desenho para dois grupos onde foram
avaliados pré e pos periodo de intervengdo (THOMAS; NELSON; SILVERMAN., 2012).

Participantes
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A amostra foi composta por individuos idosos sedentarios e inexperientes com a
pratica do taekwondo, moradores da cidade de Campos dos Goytacazes -RJ, pertencentes a
faixa de idade entre 60 e 70 anos. O tamanho da amostra estimado pelo software G-Power,
versdo 3.1.9.4 foi de 24 individuos (FAUL et al., 2007). Para tal estimativa, as seguintes
informacdes foram introduzidas: ANOVA com medidas repetidas para dois grupos em dois
momentos de avaliacdo, tamanho do efeito de 0,30, alfa de 0,05, poder do experimento de
0,80 e correlacdo entre as medidas de 0,5 (BECK, 2013). No entanto, prevendo desisténcias,
foram recrutadas 34 pessoas idosas.

Os participantes foram distribuidos randomicamente em dois grupos, utilizando-se a
funcdo aleatoria do software Excel. Foram incluidos aqueles que nédo estivessem praticando
exercicios fisicos por pelo menos 6 meses. Foram excluidos os participantes que apresentaram
alguma contraindicacdo para a pratica regular de exercicios fisicos, como lesdes
osteomioarticulares, metabodlicas ou cardiovasculares, aqueles que estiveram fazendo reposicao
hormonal ou apresentem risco alto na triagem pré-exercicio proposto pelo PAR-Q.

Todos os individuos concordantes com a participacdo do presente estudo assinaram o
Termo de Consentimento Livre e Esclarecido (TCLE), respeitando a resolucdo 466/12 do
Conselho Nacional de Saude. O estudo foi submetido a um comité de ética e pesquisa pela
plataforma Brasil com aprovacdo do Hospital Universitario Pedro Ernesto/Uerj sob o registro
CAAE: 51572321.6.0000.5259 e na REBEC sob o registro RBR-5jzcc5q.

Figura 1. Fluxograma de coleta de dados

Randomizados
n=34

GC=17 GE=17

Desisténcia Desisténcia
- Problemas Sadde (1) - Problemas Sadde (1)

Problemas pessoais (3) Problemas pessoais (2)

Grupo analisado
n=13

Grupo analisado
n=14

.
.
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Fonte: Autoria prépria.
Procedimentos de coleta de dados

Na primeira visita foi esclarecido para cada individuo os procedimentos do estudo. Foi
solicitado o preenchimento do termo de consentimento livre e esclarecido (TCLE) e da
triagem pré-exercicio do PAR-Q, anamnese e liberacdo médica por atestado para a pratica de
exercicios fisicos. Foram aplicados os instrumentos de avaliagdo da autoestima e autoimagem
e em seguida serdo feitas as avaliagbes antropométricas. Anamnese, aplicacdo do PARQ e
explicacdo do estudo foram utilizadas para a garantia de seguranca de que o individuo esteve
qualificado para a realizacdo dos testes. O PAR-Q € umquestionario composto por 7 perguntas
com o intuito de detectar possiveis riscos para a realizacdo de alguma atividade fisica. Caso
alguma das perguntas tenha resposta positiva, o individuo sera aconselhado a néo realizar a
atividade e sera sugerido que se encaminhe para avaliacdo médica (WARBURTON et al.,
2011).

No segundo dia de visita foram realizados os testes de forga muscular e autonomia
funcional. No terceiro dia de visita foram realizadas as coletas sanguineas dos grupos
experimental e controle para analise dos marcardores fisioldgicos: fosfatase alcalina, vitamina
B12, fosforo sérico, Vitamina D e PTH e 0 exame de densidade mineral dssea.

Em seguida os participantes realizaram 12 semanas de intervencdo especifica para
cada grupo e por ultimo uma nova coleta de dados de todas as varidveis do estudo com

excecdo da densidade mineral 6ssea que foi realizada somente antes da intervencao.

Avaliacdo Antropométrica

Para a avaliacdo da massa corporal total e da estatura dos individuos participantes foi
utilizada uma balanca mecanica com estadidmetro da marca Filizola®, max. 150kg, min.
2,5kg e=100g. Apenas um Unico avaliador aferiu as medidas de todos os participantes do
estudo e essas medidas foram posteriormente utilizadas para a realizacdo do calculo do indice
de massa corporal (IMC) (MARFELL-JONES; STEWART; RIDDER., 2012).

Autoestima

Para a avaliacdo da autoestima, a escala de autoestima de Rosenberg (Rosenberg Self-
Esteem Scale — RSES) foi utilizada. Ela é formada por 10 questfes que avaliam a autoestima.
A RSES é avaliada somando os itens tipo Likert de 4 pontos (discordo fortemente = 0, discordo
= 1, Concordo = 2, Concordo fortemente = 3). As afirmacdes positivas (1, 2, 4, 6, 7) e as

negativas (3, 5, 8, 9, 10) estdo misturadas e o resultado é obtido através da soma da pontuacdo
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de acordo com as respostas dos participantes. Uma pontuacgdo inferior a 15 indica uma
autoestima muito baixa, entre 15 e 25 pontos demonstra uma autoestima saudavel e uma
pontuacdo maior que 25 nos mostra uma pessoa forte e sélida. Porém, pode indicar que o
participante nao esta sendo verdadeiro com as suas respostas, sendo o ideal, a pontuacdo esta
entre 15 e 25 pontos (PECHORRO et al., 2011; ROSENBERG, 1989 ).

Autoimagem

Para a avaliacdo da imagem corporal, foi aplicado o questionario de imagem corporal.
O instrumento é composto de 22 itens agrupados em quatro dimensdes: condi¢éo fisica (CF,
itens 1 a 4); habilidades corporais (HC, itens 5 a 8); saude (S, itens 9 a 18) e aparéncia (A, itens
19 a 22). O respondente avalia cada um dos itens segundo uma escala de 0 a 2 pontos, onde 0
nivel 0 corresponde a “Néo Forte”, 0 nivel 1 a “Forte” e 0 nivel 2 a “Bastante Forte”. O escore
do teste varia de zero a 44 pontos, permitindo ao individuo fornecer informacdes acerca de

como percebe o seu corpo (GAMA et al., 2019).

Forca muscular
Os testes de flexdo de cotovelos e sentar e levantar (RIKLI e JONES, 1999)

foram aplicados para avaliar a for¢ca muscular dos membros superiores e inferiores,

respectivamente.

Autonomia funcional

Na avaliagdo da autnomia funcional foi utilizado o protocolo de GDLAM de
autonomia funcional voltado para a realizacdo das atividades da vida diaria (AVD) (DANTAS
e VALE, 2004; VALE, 2005; DANTAS et al., 2014), composto dos testes C10m (caminhar
10 metros)(SIPLA et al., 1996), LPS (levantar da posicdo sentada) (GURALNIK et al., 1994),
LPDV (levantar da posicdo de decubito ventral) (ALEXANDER et al., 1997), VTC (vestir e
tirar a camisa) (VALE et al., 2006) e LCLC (levantar da cadeira e locomover-se pela casa)
(ANDREOTTI e OKUMA., 1999). Todos os testes foram aplicados duas vezes com um
intervalo de cinco minutos e o melhor tempo de execucgdo, em segundos, foi coletado. Em
seguida, o indice de autonomia GDLAM (IG) foi calculado para a analise geral da autonomia

funcional.

Formula: 1IG=[(((C10m+LPS+LPDV+VTC)x2)+LCLC)]+4
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Coleta sanguinea e exame de densidade mineral dssea

Na coleta sanguinea, a andlise do paratorménio (PTH) ocorreu pelo método
quimioluminescéncia. Ja a vitamina B12 e vitamina D foram avaliadas pelo método
cromatografia liquida de alta performance — hplc. A fosfatase alcalina utilizou o método
cinético optimizado e o fosforosérico sera analisado pelo método cinético u.v. (PARDINI.,
2016).

O exame de densidade mineral dssea da coluna lombar e do colo do fémur foi feito por
um aparelho de absortometria de Raios X de dupla energia (DXA) da marca QDR (Hologic,
Inc., Marlborough, MA, EUA) (LEE et al., 2017; PORCELLI et al., 2020).

Os exames de coleta sanguinea foram realizados 24 horas antes do inicio da
intervencdo e 72 horas apos a intervencdo. A densidade mineral 6ssea foi realizada antes do
inicio da intervencdo apenas para caracterizacdo da amostra. Todos os exames dos marcadores

bioquimicos foram duplicados e o coeficiente de variacdo (CV) foi menor que 3%.

Intervencéo

O taekwondo foi aplicado 3 vezes por semana com 40 minutos por sessdo por um
periodo de 12 semanas. Cada sessdo foi composta por 5 minutos de aquecimento, 30 minutos
do taekwondo e 5 minutos de volta a calma.

O aquecimento foi composto por exercicios de mobilidade articular envolvendo
articulac6es do punho, cotovelos, ombros, pescoco, quadril, joelhos e tornozelos totalizando 3
minutos. O alongamento estatico ativo foi realizado nas articulagcbes dos punhos, ombros,
quadris, joelhos e tornozelos totalizando 2 minutos (MCGORM et al., 2018; THOMAS et al.,
2018).

Os exercicios de taekwondo foram compostos por movimentos ondulatérios, técnica
especifica do do taekwondo no estilo da International Taekwondo Federation (ITF), em
diferentes bases de membros inferiores; chutes (mais baixos e mais simples que 0s
convencionais) e socos (movimentos mais simples) ajustados, realizados individualmente e
em duplas; realizacdo das formas (Tulls) (Tabela 1), ou seja, sequéncia de movimentos
combinados especificos do tackwondo ITF (CHOI, 1985). A volta a calma foi composta por
exercicios de relaxamento em posigdo em pé, seguida das posi¢des sentada e em decubito
dorsal, envolvendoas articulagfes e musculos envolvidos na intervencdo proposta, totalizando
5 minutos (CALLEJA-GONZALEZ et al., 2018). O controle de intensidade das sessdes de
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taekwondo ajustado foi realizado pela percepcdo subjetiva de esforco (PSE) por meio da
escala OMNI-RES (ROBERTSON et al., 2003), utilizando-se 0s niveis entre 3 e 4 nas
primeiras 4 semanas de intervencao e niveis entre 5 e 7 nas demais semanas. Foram utilizados
implementos (aparadores de chute e soco) para execucdo dos movimentos.

Os individuos do grupo controle participaram de palestras educacionais sobre temas
relacionados a salde e qualidade de vida 1 por semana, atividades recreacionais (jogos de
tabuleiro) 1 vez por semana e caminhada 1 vez por semana com 40 minutos por sessao,

durante 12 semanas.

Tabela 1. Programa de taekwondo

Tempo
Item Conteado (min)
Exercicios de mobilidade articular e alongamento estatico
Aqguecimento envolvendo articulagdes do punho, cotovelos, ombros, 5 min
pescoco, quadril, joelhos e tornozelos
1 - 6 semanas; PSE: 2 - 4
7- 12 semanas; PSE: 5 - 8
Movimentos ondulatorios em diferentes bases do
taekwondo (anun sogi, niunja sogi, ogun sogi); chutes
Taekwondo . : . .
W (Najunde Chagi, Dollyo Chagi, Yop Dollyo Chagi, Ap 30 min

Chagi, an chagi, neryo chagi) e socos (Gunnun So Baro
Jirugi, Gunnun So Bandae Jirugi) mais baixos e mais
simples que os convencionais; formas (Tulls)

Exercicios de relaxamento em posi¢cdo em pé, seguida das
Voltaacalma  posi¢cdes sentada e em decubito dorsal, envolvendo as 5 min
articulag6es e musculos envolvidos na intervengdo proposta

PSE: percepcdo subjetiva de esforco (OMNI-RES).

Anélise de Dados

Os dados coletados foram tratados pelo software IBM SPSS Statistics 25 e
apresentadoscomo média e desvio padrdo. O teste t-Student para amostras independentes foi
aplicado no inicio do estudo para verificar se os grupos eram diferentes no baseline. A
normalidade e esfericidade dos dados foi verificadas por meio dos testes de Shapiro-Wilk e
Bartlett, respectivamente. A analise de variancia (ANOVA 2 x 2) com medidas repetidas,
seguida do post hoc de Bonferroni ajustado, foi aplicada para analisar as possiveis diferengas
entre as variaveis dependentes. O estudo admitiu o nivel de p<0,05 para a significancia

estatistica. O tamanho do efeito (d) de Cohen foi utilizado para a analise do impacto clinico
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nas variaveis de interesse. Foram interpretados de acordo com a padronizacéo a seguir: 0,2
(pequeno), 0,5 (médio) e 0,8 (grande) (COHEN, 1992).

RESULTADOS

A tabela 2 apresenta a caracterizagdo da amostra por grupos, em valores de média

e desvio padrdo quanto ao peso, a estatura, a idade, e o IMC. O teste t para amostras

independentes mostrou que os grupos eram semelhantes no inicio do estudo, pois nédo

houve diferenca (p>0,05) entre as variaveis analisadas.

Tabela 2. Caracteristicas basicas dos participantes

GC (n=13) GE (n=14) Valor p
Idade (anos) 66,00 + 5,18 65,71 + 5,65 0,892
MCT (kg) 67,64 £ 8,04 65,63 £ 9,03 0,548
Estatura (m) 1,63 + 0,07 1,63 + 0,06 0,906
IMC (kg/mt?) 25,60 + 3,01 25,63 + 3,99 0,981
Lombar (g/cm?) 0,910 £ 0,06 0,97 £ 0,06 0,085
Femur (g/cm?) 0,856 + 0,06 0,98 + 0,06 0,054

* p<0,05; MCT: Massa Corporal Total; IMC: Indice de Massa Corporal

Na tabela 3 foram mostrados os valores médios dos dados obtidos no questionario de

autoimagem, a analise ocorreu em 4 dimens6es (Condi¢éo Fisica, Habilidade Corporal, Saude

e Aparéncia). Melhoras (p<0,05) da condig&o fisica e habilidade corporal foram encontrados

no grupo experimental quando comparados ao grupo controle.

Tabela 3. Anélise da autoimagem entre os grupos controle (GC) e experimental (GE)

Variavel Grupo

Média pré + DP Média pés+ DP A% d

Valor p* Valor p’

Condica GC 3,31+1,18 10,3 0,29 0,192
Fidica <0,001
GE 5,21 +0,80 51,9 1,75 <0,001
. GC 3,61 +0,65 91 048 0,126
Hapiiac
P GE 3,00 +£0,89 5,50 +0,76 83,3 2,81 <0,001
GC 11,08 + 1,04 11,38+ 1,26 2,7 029 0441
Saude 0,110
GE 10,86 + 1,54 12,29 + 0,15 13,2 0,93 0,001
Aparéncia GC 492 +0,76 4,77 £0,83 -3,0 -0,20 0,291 0,748
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GE 4,36 + 0,84 4,64 +1,15 64 033 0,581

*p < 0,05, pré vs. pés; T p < 0.05, GC p6s vs. GE pos; d: effect size (Cohen); DP: Desvio Padrao.

A tabela 4 verificou a autoestima dos participantes desta pesquisa, foram comparados
os valores de medios intergurpo e intragrupo, o nivel de significancia e o tamanho de efeito
das variaveis do grupo experimental. Houve melhora (p<0,05) da autoestima na comparagao

intergrupo e no grupo experimental intragrupo.

Tabela 4. Autoestima

Variavel Grupo Média pré + DP Média p6s + DP A% d Valor p*  Valer p}
GC 14,69 £ 1,70 15,00 £ 1,29 2,1 024 0,540

Autoestima p<0,001
GE 14,71+ 1,33 23,50+ 1,34 59,8 6,61 p<0,001

*p < 0,05, pré vs. pés; ' p < 0.05, GC p6s vs. GE pos; d: effect size (Cohen); DP: Desvio Padrao.

Na tabela 5 foram verificados os resultados da for¢a muscular pelos testes de flexdo de
cotovelo e, sentar e levantar. Foram comparados os valores médios das varidveis verificando
as possiveis diferengas significativas ao nivel de p<0,05. Aumentos (p<0,05) da forca
muscular foram encontrados nos membros inferiores e superiores na comparagao intragrupo e

intergrupo no grupo exerimental.

Tabela 5. Andlise de forca muscular

Média pré = Meédia pos +

Variavel Grupo DP DP A% d Valor p’ Valor p*
Flexiode GC 20,77+1,21 20,39+1,08 -18 -0,31 0,403 0,015
cotovelo  GE 16,14+ 1,16 19,21+104 19 2,65 <0,001 ’
Sentare  GC 18,54+0,98 1800+0,75 -2,9 0,55 0,131 0011
levantar  GE 17,71+2,64 21,36+276 20,6 1,38 <0,001 ’

*p < 0,05, pré vs. pos; ' p < 0.05, GC p6s vs. GE pés; d: effect size (Cohen); DP: Desvio Padrao.

Na tabela 6 foi avaliada a autonomia funcional pelo protocolo GDLAM. Os resultados
foram dispostos em valores de média e desvio padrdo nos grupos controle e experimental. A
comparacdo foi realizada intragrupo e intergrupo. Houve melhora (p<0,05) da autonomia
funcional (C10m, LPS, LPDV e IG) no grupo experimental e intragrupo (C10m, LPS, LPDV,
VTC, LCLCe IG)
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Média pré

Média pos

. ;

Variavel Grupo +DP +DP A% d Valor p* Valor p
GC 6,16+0,83 6,18+0,84 0,3 0,02 0,938

C10m 0,039
GE 6,77+111 562+044 -17,0 -1,04 <0,001
GC 9,70£0,82 964+084 -06 -0,07 0,796

LPS <0,001
GE 9,06+£2,01 754+150 -16,8 -0,76 <0,001
GC 527+1,03 529+106 04 0,02 0,915

LPDV 0,002
GE 435+174 3,74+128 -14,0 -0,35 <0,001
GC 13,05+194 12,45+3,00 -4,6 -0,31 0,244

VTC 0,642
GE 15,34+ 4,28 12,02+2,62 -21,6 -0,78 <0,001
GC 34,26 +4,62 34,18 +4,34 -0,2 -0,02 0,890

LCLC 0,431
GE 36,80+ 3,00 33,18+1,73 -9,8 -1,21 <0,001
GC 25,66+ 1,77 2532+210 -1,3 -0,19 0,401

IG 0,003
GE 26,96 £ 3,68 22,76 £2,03 -15,6 -1,14 <0,001

*p < 0,05, pré vs. pés; ' p < 0.05, GC p6s vs. GE pos; d: effect size (Cohen); DP: Desvio Padr#o.

Na tabela 7 foram analisados os biomarcadores 6sseos (Vitamina B12, Vitamina D,

Fosforo, Fosfatase alcalina e PTH). Os resultados foram dispostos em media , desvio padréo,

nivel de significancia e tamanho de efeito (d). Houve melhora (p<0,05) dos biomarcadores

(Vitamina B12, Vitamnina D, Fdésforo, Fosfatase alcalina e PTH) (p<0,05) nos grupos

submetidos a intervencéo.
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Tabela 7. Andlise de biomarcadores 6sseos

Variavel Grupo Meédiapré+DP Meédiapés+DP A% d Valor p* Valor p’
VitaminaBl2 GC 263,31+12121 261,69+121,72 -062 -0,01 0,912 002
(pg/ ml) GE 268,50+39,40 324,64+7833 2091 142 < 0,001
Vitamina D GC 29,16 +5,58 28,95 + 5,88 07  -0,04 0,796 2 o0s
(ng/ml) GE 28,36 + 4,05 37,89 + 7,04 336 235 0,005
Fosforo (mg/  GC  4,08%085 425+1,19 4,2 0,20 0,796 003
dl) GE  4,07+0,56 3,47 +0,42 214,74 -1,07 0,005
Fosfatase GC 74,08 +13,05 74,15 + 13,26 0,1 0,01 0,407 o
alcalina (U/L) GE 835+ 16,54 90,93 + 21,82 8,90 0,45 0,018
GC 51,85+ 17,66 52,92 + 17,11 2,1 0,06 0,791
PTH (pg/ ml) 0,033
GE 55,21 + 30,98 36,86 + 19,6 332  -0,59 <0,001

*p < 0,05, pré vs. pés; " p < 0.05, GC p6s vs. GE pos; d: effect size (Cohen); DP: Desvio Padrdo; PTH:
paratorménio

DISCUSSAO

Este estudo, um ensaio clinico randomizado, teve como objetivo analisar os efeitos de
12 semanas do treinamento do taekwondo sobre marcadores fisiologicos de remodelagem
Ossea, forca muscular, autonomia funcional, autoestima e autoimagem em mulheres idosas, a
intervencdo apresentou respostas positivas em todas as variaveis analisadas.

Os dados foram discutidos decorrentes da analise estatistica do cruzamento entre o pré
e pbs-teste no inter e intragrupo. Alguns estudos que ndo utilizaram o taekwondo ou esporte
de combate como intervencdo foram utilizados para discutir os resultados encontrados nesse
estudo experimental em funcéo da escassez de pesquisas clinicas com o taekwondo.

A forca muscular foi uma das variaveis investigadas neste estudo, os testes de flexdo
de cotovelo e, sentar e levantar foram utilizados, no GE aumentos (p<0,05) da for¢a muscular
foram encontrados na comparagao intragrupo e intergrupo (pés-teste) em ambos os testes. O
GC néo apresentou diferencas significativas na avaliacdo da for¢a muscular. Corroborando,

um estudo realizado por Ku et al. (2021) avaliou 16 mulheres, (GC=8/ GE=8) com idade
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média de 50 anos utilizando o Taekwondo como intervencdo, aplicados durante 12 semanas, 3
vezes por semana, 60 minutos por dia e ndo foram encontradas diferencgas (p>0,05) na forca
muscular na comparacao intergrupo. Segundo Araujo-Gomes et al. (2020) a forca muscular é
importante na obtencdo de melhor qualidade de vida em individuos idosos, 0 aumento da
forga muscular nessa populagcdo melhora a realizagdo das AVD.

Na avaliacdo da autoestima foram encontradas diferengas (p<0,05) nos GE e GC na
comparacdo intragrupo e intergrupo indicando aumentos da autoestima. Em relacdo a
autoimagem foram verificados aumentos (p<0,05) na habilidade corporal e condicdo fisica na
comparagdo intragrupo. Na comparagéo intergrupo (GE vs. GC) foram relatados aumentos
(p<0,05) na habilidade corporal, condicéo fisica e saude no pos-teste do GE, enquanto no GC
ndo foram verificadas diferencas intergrupos. Corroborando, Dabrowska-Galas et al. (2021)
realizou um estudo com mulheres com idade entre 51 e 60 anos o efeito do nivel de atividade
fisica na autoestima e foram encontradas melhora na autoestima, porém ndo havendo relagédo
entre autoestima e imagem corporal. Enquanto o estudo realizado por Ginsberg et al. (2015)
realizou um estudo longitudinal com 93.676 mulheres com idade média de 64 anos e 0s
resultados mostraram que o IMC foi um grande e significativo contribuinte para a insatisfacéo
com imagem corporal.

Outro parédmetro avaliado foi a autonomia funcional, foi utilizado o protocolo
GDLAM, houve aumento (p<0,05) no GE na avaliacdo intragrupo nos testes: C10m, LPS,
VTC, LPDV, LCLC e no IG, esses resultados sdo expressos pelas reducdes dos valores
equivalentes as médias no tempo de execucao dos testes. Na comparagdo intergrupo, 0 grupo
experimental apresentou melhora (p<0,05) quando comparado ao GC nos testes C10m, LPS,
LPDV e no IG. Vale ressaltar que a autonomia funcional leva ao idoso a possibilidade de
liberdade, dignidade e integridade, é essencial na melhora e manutencdo da satde. (Borges et
al., 2017). Corroborando com os resultados encontrados neste estudo, Cardoso et al. (2021)
analisaram 13 mulheres com idade média de 61 anos que realizaram exercicios
multicomponentes com o treinamento resistido, treinamento funcional e Jud6é adaptado na
mesma sessdo durante 12 semanas. Foram verificadas melhoras (p<0,05) em todas as
variaveis de autonomia funcional utilizando o protocolo GDLAM na comparagao intragrupo.
Da mesma forma, o estudo conduzido por Carrasco-Poyatos et al. (2018) analisou 60 idosas
com idade média de 69 anos divididos em 3 grupos, grupo 1 (Pilates), grupo 2 (treinamento
de forca) e grupo 3 (controle) durante 9 meses, 2 x semana e 60 min X sessao e encontrou

melhoras na autonomia funcional utilizando o GDLAM como protocolo de testagem.
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Para avaliacdo dos biomarcadores 6sseos foram coletadas amostras de Vitamina B12,
Vitamina D, Fosforo, Fosfatase Alcalina e PTH. Foram encontradas diferencas (p<0,05) em
todas as variaveis analisadas na comparacéo intragrupo (pré vs pos) no GE, enquanto o GC
ndo apresentou diferencas (p>0,05). Em relacdo a comparacdo intergrupo houve melhora em
todas as variaveis no GE quando comparado ao GC. Foi verificado que a vitamina B12, a
vitamina D e a fosfatase alcalina apresentaram aumentos (p<0,05), entretanto, houve reducéao
(p<0,05) do fosforo e PTH no GE na comparacgdo intragrupo. Na comparacdo intergrupo
houve aumento (p<0,05) da Vitamina D e fosfatase no GE quando comparado ao GC.
Corroborando, um estudo realizado por Shen et al. (2012) com 171 mulheres com idade
média de 57 anos que receberam a arte marcial Tai Chi Chuan durante 6 meses, 3 vezes por
semana e 60 minutos por dia, apresentaram melhora dos biomarcadores de formacdo 06ssea,
dentre eles 0 PTH, e melhoraram a taxa de renovacdo 6ssea. Outro estudo, Groenendijk et al.
(2020) verificaram 180 idosos de ambos 0s sexos (idade: 61 anos) que receberam exercicios
de forca muscular, equilibrio e aerébico durante 12 e 24 semanas, 2x/ semana e 60 min/dia.
Apresentaram melhoras dos biomarcadores de formacdo 6ssea (PTH e Vitamina B12) e da
taxa de renovacao 0ssea.

Uma limitacdo do estudo foi a falta de andlise de outros biomarcadores (Piridinolina,
Hidroxiprolina, Osteocalcina, Propeptideos do Colageno tipo 1) que poderiam dar mais
robustez nos resultados encontrados neste estudo.

CONCLUSAO

Os resultados encontrados neste estudo experimental apoiam a eficacia do taekwondo
nos marcadores fisiologicos de remodelagem éssea, na forca muscular, na autonomia
funcional, na automiagem e na autoestima de idosos. Os biomarcadores de remodelagem
Ossea apresentaram resultados positivos com a aplicacdo da intervengdo durante 12 semanas,
esses resultados sdo importantes nesta populacdo devido aos processos degenerativos
ocasionados pela senescéncia. Foram encontrados aumentos da forga muscular em membros
inferiores e superiores. Houve melhora da autonomia funcional, da autoestima e da
autoimagem.

De acordo com os resultados encontrados neste experimento recomenda-se a insercao
do Taekwondo nos clubes, academias e afins para a populacdo idosa. Estes resultados
sustentam beneficios na aptiddo fisica dessa populacdo com consequente melhora da

autonomia funcional.
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Recomendam-se estudos envolvendo um nimero amostral maior e a utilizacdo de
outros marcadores de remodelagem Ossea (Piridinolina, Hidroxiprolina, Osteocalcina,
Propeptideos do Colageno tipo 1) podem ser importantes para confirmar os achados

encontrados neste estudo.
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CONCLUSAO

Os estudos utilizados nesta dissertacdo envolvendo mulheres idosas mostraram 0s
efeitos do exercicio fisico na salde fisica e mental utilizando os esportes de combate e em
especial o Taekwondo.

No capitulo 1, a revisdo sistematica envolvendo o taekwondo mostrou melhoras nas
capacidades fisicas e mentais de mulheres idosas. O capitulo 2, uma revisdo sisteméatica com
metanalise verificou que exercicios multicomponentes mostraram melhoras na aptid&o fisica,
na densidade mineral 6ssea e podem ser eficazes no tratamento da osteoporose. O capitulo 3,
uma revisdo sistematica verificou que as artes marciais podem ser eficazes na salde fisica e
mental da pessoa idosa, melhoras na qualidade de vida e no sono foram encontradas. O
capitulo 4, uma revisdo sistematica com estudos randomizados e controlados apontou a
eficacia de diferentes EC na aptidao fisica, e no desempenho das atividades da vida diaria em
idosos. No capitulo 5, um ensaio clinico randomizado, verificou em idosas melhoras na forca
muscular, autoestima, autoimagem, biomarcadores dsseos e autonomia funcional no grupo
experimental submetidos a 12 semanas, 3 X por semana, 40 min por sessao de taekwondo .

Os estudos de revisdo sistematica com e sem metanalise apontaram melhoras na
aptiddo fisica, remodelagem 0ssea, autonomia funcional e autoimagem. Estes resultados
demonstram que o esporte de combate pode ser uma alternativa interessante como prética de
exercicio fisico para essa populacéo.

Em resposta aos objetivos primarios dessa dissertacdo pode-se concluir que o
taekwondo foi eficaz na melhoria da condicdo fisica, da autonomia funcional, da autoimagem,
dos biomarcadores 6sseos e consequentemente na realizacdo das AVD.

Outros estudos utilizando o taekwondo e outros esportes de combate devem ser
investigados analisando as respostas fisicas e mentais em mulheres idosas. Por fim, o esporte
de combate tem sido praticado cada vez mais pela populacdo idosa, esta que expira um
cuidado especial, conhecer os possiveis efeitos em diferentes variaveis fisicas pode auxiliar
instrutores dessa modadalidade levando seguranca e qualidade aos participantes.

Vale ressaltar a inclusdo do taekwondo em programas de politicas publicas para idosos pelo

baixo custo de implementacéo.
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