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RESUMO

Introducdo: A avaliacdo da for¢ca muscular, especialmente dos musculos
isquiotibiais, € fundamental na reabilitacdo de lesdes e na prevencao de futuras
ocorréncias. Os dinamémetros isocinéticos sdo o padrdo-ouro para medir a forgca
muscular, mas apresentam limitacbes de custo e portabilidade, tornando os
dinambémetros manuais (HHD) uma alternativa viavel. Este estudo investiga a
validade e precisdo diagnostica de quatro testes isométricos com HHD em
comparacao ao dinamémetro isocinético para detectar assimetrias de for¢a nos

membros inferiores.

Métodos: O estudo transversal incluiu 30 homens ativos que completaram
sessdes de teste de forca maxima em dois dias separados: uma sessao com
dinamdmetro isocinético e outra com dinamdémetro manual. Os participantes
foram avaliados em quatro posi¢des de teste isométrico com o HHD: posi¢cao A
(prono com joelho a 90°), posicao B (prono com joelho a 30°), posi¢ao C (supino
com joelho a 90°) e posicao D (sentado com joelho a 90°). A ordem dos testes
foi aleatoria. A forga, o torque e o indice de simetria de membros (LSI) foram
comparados entre os testes usando ANOVA e o coeficiente de correlacdo de
Pearson ou Spearman. A precisao diagnostica dos testes HHD foi calculada para
detectar assimetrias de forca maiores que 10% em comparacao com os testes

isocinéticos.

Resultados: As posi¢cdes C e D do HHD mostraram melhor correlagdo com os
torques concéntricos e excéntricos do dinamdmetro isocinético. No entanto,
todas as correlacdes foram consideradas de fracas a moderadas, e nenhum dos
testes HHD apresentou alta precisdo para identificar assimetrias superiores a
10% entre os membros. A precisdo diagndstica variou entre 46,7% e 63,3%,
indicando limitagBes na substituicdo dos testes isocinéticos pelos testes com

HHD para avaliagéo de assimetrias.

Discusséao: Este estudo demonstra que, embora as posicées C e D do HHD
apresentem correlacdo moderada com os torques isocinéticos, sua precisdo

diagndstica é insuficiente para substituir o dinamdmetro isocinético na deteccéo



de assimetrias de forca entre os membros. A variabilidade na padronizagéo dos
protocolos de testes isométricos limita as conclusdes sobre a validade do HHD.
Outros estudos também encontraram correlacdes moderadas ao comparar
dinamdmetros manuais com métodos isocinéticos, destacando que a posi¢ao do

corpo pode influenciar a precisdo dos testes de forca isométrica.

Conclusao: Os testes com HHD nas posi¢cdes C e D mostraram correlacdes
moderadas com o dinamémetro isocinético, mas nenhum apresentou precisdo
diagnostica suficiente para avaliar com seguranca a assimetria entre 0s
membros. Portanto, recomenda-se 0 uso do dinamdmetro isocinético quando
possivel, especialmente para avaliar a simetria de forca dos isquiotibiais. Em
situacdes em que o dinambmetro isocinético ndo esta disponivel, as posi¢cdes C

e D do HHD podem ser op¢Bes secundarias, mas com limitagBes reconhecidas.

Palavras-chave: Forca muscular; flexores do joelho; dinamometria;

isocinético.



ABSTRACT

Introduction: Muscle strength assessment, especially of the hamstring muscles,
is crucial in injury rehabilitation and prevention. Isokinetic dynamometers are the
gold standard for measuring muscle strength but are limited by cost and
portability, making handheld dynamometers (HHD) a viable alternative. This
study investigates the validity and diagnostic accuracy of four isometric HHD tests

compared to isokinetic dynamometry for detecting limb strength asymmetries.

Methods: This cross-sectional study included 30 active men who completed
maximum strength testing sessions over two separate days: one with an
isokinetic dynamometer and another with a handheld dynamometer. Participants
were evaluated in four isometric HHD test positions: position A (prone with knee
at 90°), position B (prone with knee at 30°), position C (supine with knee at 90°),
and position D (sitting with knee at 90°). The test order was randomized. Force,
torque, and limb symmetry index (LSI) were compared across tests using ANOVA
and Pearson or Spearman correlation coefficients. The diagnostic accuracy of
the HHD tests was calculated for detecting limb asymmetries greater than 10%

compared to isokinetic tests.

Results: HHD positions C and D showed better correlations with concentric and
eccentric peak torques from isokinetic tests. However, all correlations were
considered weak to moderate, and none of the HHD tests demonstrated high
accuracy for identifying asymmetries above 10% between limbs. Diagnostic
accuracy ranged from 46.7% to 63.3%, indicating limitations in replacing

isokinetic tests with HHD tests for asymmetry assessment.

Discussion: This study shows that while HHD positions C and D demonstrate
moderate correlation with isokinetic torques, their diagnostic accuracy is
insufficient to replace isokinetic dynamometry in detecting limb strength
asymmetries. The variability in standardizing isometric test protocols limits
conclusions on HHD validity. Other studies have also found moderate

correlations when comparing handheld and isokinetic dynamometers,



emphasizing that body position may influence the accuracy of isometric strength

tests.

Conclusion: HHD tests in positions C and D showed moderate correlations with
isokinetic dynamometry, but none demonstrated sufficient diagnostic accuracy
for safely assessing limb asymmetry. Therefore, the use of isokinetic
dynamometry is recommended, when possible, especially for hamstring
symmetry assessment. When isokinetic dynamometry is unavailable, HHD
positions C and D may serve as secondary options, though with recognized

limitations.

Keywords: Data Accuracy; Muscle Strength Dynamometer; Hamstring

Muscles; Correlation Measures.
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1 CONTEXTUALIZACAO

As lesbes musculares dos isquiotibiais (HSI) sdo lesbes que ocorrem
comumente durante sprints, aceleracdes e desaceleracdes, sendo as lesdes
mais prevalentes em esportes como futebol, futebol australiano e rugby (Jokela
et al., 2023; Opar et al.,, 2012; Vidoni et al., 2018). Apesar dos esforcos de
clinicos e pesquisadores para encontrar estratégias que reduzam a incidéncia
desse tipo de leséo, ainda ndo houve uma reducéo significativa, com as taxas
de incidéncia aumentando ao longo das temporadas (Ekstrand et al., 2023).
Ekstrand et al. analisaram todas as lesfes ocorridas no futebol europeu ao longo
de 21 anos; as lesdes nos isquiotibiais aumentaram de 12% na temporada de
2001/2002 para 24% na temporada de 2021/2022, constituindo 19% de todas as
lesbes registradas durante esse periodo (Ekstrand et al.,, 2023), afetando
diretamente o desempenho da equipe, as financas dos clubes e a saude dos
atletas (Eliakim et al., 2020). Por isso, € essencial conter a ocorréncia dessa

lesdo.

A HSI resulta da interacéo de uma série de fatores de risco intrinsecos e
extrinsecos, conhecidos como rede de determinantes (Bittencourt et al., 2016).
Entre eles, a forca muscular da musculatura posterior da coxa representa uma
influéncia significativa na manifestacéo das lesdes dos isquiotibiais (Timmins et
al., 2016). Estudos prospectivos indicam que a baixa forga excéntrica dos
isquiotibiais € um importante fator de risco para a ocorréncia dessa lesao
(Edouard et al., 2024; Fanchini et al., 2020; Lee et al., 2018; Timmins et al.,
2016). O aumento da forca excéntrica dos musculos flexores do joelho tem sido
um dos objetivos nos protocolos de reabilitacdo para lesdes nos isquiotibiais
(Mendiguchia & Brughelli, 2011; Valle et al., 2015; Whiteley et al., 2018), sendo
a recuperacéo da forca um indicador crucial na progresséo do tratamento e no
retorno a atividade esportiva (Erickson & Sherry, 2017). Portanto, é essencial
utilizar métodos validados para avaliar a forca muscular dos flexores do joelho,

tanto para fins preventivos quanto para a reabilitacdo dessa leséo.
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A principal funcdo do musculo € exercer for¢a, que € definida como a
capacidade de alterar o estado de repouso ou movimento da matéria (Winter &
Fowler, 2009). A forga muscular esta diretamente relacionada ao desempenho
fisico, desde a saude de idosos (Cadore, 2014) até o alto rendimento (McGuigan
et al., 2012). Intervencbes para fortalecimento muscular sdo essenciais para
melhorar a saude de diferentes faixas etarias e prevenir lesdes esportivas
(Faigenbaum et al., 2009). Ou seja, a forga muscular desempenha um papel na
promocdo da saude, na melhoria do desempenho esportivo, na facilitacdo da

reabilitacdo e na prevencédo de lesdes musculoesqueléticas.

Sabendo disso, clinicos e pesquisadores tém utilizado uma variedade de
dispositivos e parametros para avaliar a forca muscular dos flexores do joelho.
Embora o dinambmetro isocinético seja considerado o padrdo-ouro para
avaliacbes de forca muscular (Baroni et al., 2020), sua aplicacdo ¢é
frequentemente limitada devido ao alto custo, a falta de portabilidade e a
necessidade de protocolos demorados, tornando-o impraticavel para a maioria
das equipes esportivas e para a utilizagdo em contextos de reabilitagdo. Assim,
outros métodos mais acessiveis e igualmente validados tornaram essa avaliacéo
viavel e aplicavel, como é o caso da dinamometria manual (HHD) (Edwards &
Mcdonnell, 1974; Stark et al., 2011) — um dispositivo capaz de avaliar a forca
gerada durante uma contracdo muscular estética, sem alterar o comprimento do

musculo (Reurink et al., 2016).

Para a avaliacdo da forca muscular isomeétrica, a escolha das posicoes
articulares nas quais a forca é exercida é uma variavel-chave, pois essas
posi¢cdes podem influenciar diretamente os resultados obtidos (Ogborn et al.,
2023). Em geral, posicoes padronizadas sdo comumente adotadas para
dinamometria isométrica dos isquiotibiais, incluindo &angulos articulares
especificos do membro inferior. Embora diversos testes de for¢a dos isquiotibiais
com HHD parecam oferecer reprodutibilidade aceitavel, a correlagdo dos
resultados obtidos através dos testes isométricos em comparacdo com a
dinamometria isocinética (Baron et al., 2024; Lipovsek et al., 2022; Whiteley et

al., 2012) permanece incerta.
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Do ponto de vista pratico, é fundamental avaliar a correlacdo entre os
valores obtidos por meio de testes com dinamdmetro portatil (HHD) e aqueles
fornecidos pela dinamometria isocinética, bem como investigar a precisao
diagnostica desses testes na identificacdo de individuos com assimetria de forca
entre 0s membros. Assim, identificar quais posi¢coes de teste com HHD melhor
se assemelham com os resultados da dinamometria isocinética pode auxiliar os
fisioterapeutas na assertividade da escolha da op¢do mais apropriada para
adotar em seu ambiente clinico. Embora existam estudos que validem o uso de
variadas posicdes articulares para a avaliagdo da forca isométrica dos
isquiotibiais (Larson et al., 2022; Reurink et al., 2016; Robaina et al., 2023), ainda
nao é claro qual protocolo mais se assemelha ao desempenho no teste de forca

isocinética.
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2 OBJETIVOS
O objetivo do estudo foi verificar a validade e a acuracia diagnostica de

guatro testes isométricos de isquiotibiais com um dinamdmetro portatil isométrico

em comparacao com a dinamometria isocinética.
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3 ARTIGO

VALIDITY AND DIAGNOSTIC ACCURACY OF FOUR HAND-HELD
DYNAMOMETER ISOMETRIC TESTS FOR ASSESSING
HAMSTRING STRENGTH

(Formatado conforme normas do periédico Physical Therapy in Sport — Qualis
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ABSTRACT

Objective: To evaluate the validity and diagnostic accuracy of four hand-held
dynamometer (HHD) isometric tests with the isokinetic dynamometry for

assessing hamstring strength.

Design: Cross-sectional study.

Setting: Research laboratory.

Participants: Thirty physically active men.

Main Outcome Measures: Comparison of force and torque values, as well as
limb symmetry index (LSI), measured using isokinetic dynamometry and HHD
isometric tests performed in four positions: test A (prone, knee at 90°), test B
(prone, knee at 30°), test C (supine, knee at 90°), and test D (sitting, knee at 90°).
Diagnostic accuracy of HHD tests to detect individuals with between-limb strength

asymmetries greater than 10% (i.e., LSl values <90 or >110) was calculated.

Results: HHD test C showed moderate to good correlation with concentric peak
torque (r=0.60), while test D showed moderate to good correlation with concentric
(r=0.51) and eccentric (r=0.61) peak torques. None of the HHD tests
demonstrated sufficient accuracy for identifying individuals with between-limb
strength asymmetries greater than 10%, with diagnostic accuracy values ranging

between 47% and 63%.

Conclusions: While HHD tests in positions C and D showed moderate to good

validity with the isokinetic dynamometry, no HHD test provided sufficient
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46  diagnostic accuracy for screening individuals with between-limb strength

47  asymmetry greater than 10%.

48  Keywords: Muscle strength; Knee flexors; Dynamometry; Isokinetic.
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INTRODUCTION

The primary function of muscle is to exert force, which is defined as a factor
that tends to change the state of rest or motion of matter and should be measured
in Newtons (N) (Winter & Fowler, 2009). The term ‘strength’ is commonly used in
the scientific literature to describe the amount of force a muscle group can
produce, particularly its maximal capacity. Strength is closely linked to human
physical performance, influencing a range of outcomes from the disability status
of older adults (Cadore et al., 2014) to the athletic success of elite competitors
(McGuigan et al.,, 2012). As a result, muscle-strengthening interventions are
critical in programs aimed at improving the overall health of young people
(Faigenbaum et al., 2009), adults (ACSM, 2009), and elderly (Fragala et al.,
2019), as well as individuals with a range of health conditions (Hayes et al., 2019;
Morris et al., 2021; Sharman et al., 2019). In the context of musculoskeletal injury
rehabilitation, enhancing muscle strength is a typical goal in both conservative
treatment programs (Hall et al., 2018; Malliaras et al., 2015; Mendiguchia &
Brughelli, 2011; Nascimento et al., 2018) and following orthopedic surgeries
(Friedmann-Bette et al., 2018; Jette et al., 2020; Vidmar et al., 2019). Additionally,
muscle-strengthening interventions have been proven effective in preventing
acute and overuse sports injuries (Lauersen et al., 2018). In summary, muscular
strength seems to play a role in promoting health, enhancing sports performance,

facilitating rehabilitation, and preventing musculoskeletal injuries.

Assessing muscle strength is a fundamental aspect of routine practice for
orthopedic and sports physical therapists. Hamstring strength testing, in

particular, has gained considerable attention in the areas of injury prevention and
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rehabilitation. Current evidence strongly recommends strength testing for
individuals who have sustained a hamstring strain injury (HSI) (Hickey et al.,
2022; Martin et al., 2022). These tests help predict recovery timelines, facilitate
the monitoring of patient progress throughout rehabilitation, and serve as a key
criterion for returning to sport following (D. M. Medeiros et al.,, 2020;
MENDIGUCHIA et al., 2017; Whiteley et al., 2018). Healthcare professionals view
muscle strength deficits as potential risk factors for HSIs (Ekstrand, Hallén, et al.,
2023; Ekstrand, Ueblacker, et al., 2023), a perspective supported by a few cohort
studies (Bourne et al., 2015; Burigo et al., 2020; Croisier et al., 2008; Fousekis et
al., 2011; Lee et al., 2018; Opar et al., 2015; Timmins et al., 2016). Additionally,
weekly monitoring of hamstring strength has proven to be an effective secondary
prevention strategy against HSIs (Wollin et al., 2020), further reinforcing the link
between hamstring strength and injury. Beyond HSI applications, hamstring
strength testing is also recommended as a crucial component in return-to-sport
decision-making following knee injuries, particularly in patients who have
undergone anterior cruciate ligament (ACL) reconstruction (Kyritsis et al., 2016).
Thus, assessing hamstring strength is a key component of daily practice for many

physical therapists.

A variety of devices to assess hamstring muscle strength have been used
in research and clinical environments. The isokinetic dynamometer, regarded as
the gold standard for evaluating muscle strength production capacity in humans
through torque measurements (in Newton-meters, Nm) (Brown, 2000), is an
electromechanical device known for its high test-retest reproducibility, with

intraclass correlation coefficients (ICC) of 0.86—0.96 and 0.85-0.92 for concentric
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and eccentric assessments of hamstring peak torque, respectively (Almosnino et
al.,, 2012). However, its high cost, lack of portability, and time-consuming
protocols render isokinetic dynamometer assessments impractical for most
sports teams and rehabilitation centers. In contrast, handheld dynamometers
(HHDs) offer a more feasible alternative for physical therapists due to their
relatively low cost, portability, and quick protocols (Edwards & Mcdonnell, 1974).
Unlike isokinetic dynamometer assessments, which are always conducted with
the subject seated, hamstring isometric tests using HHDs can be performed in
various positions. Some of the most used positions include sitting with the knee
and hip at 90° (ICC of 0.77-0.94) (Larson et al., 2022), lying prone with neutral
hip neutral and knee at 30° (ICC of 0.91-0.93) and 90° (ICC of 0.71-0.76)
(Goossens et al., 2015; Reurink et al., 2016), and supine with the hip and knee

at 90° (ICC of 0.88-0.92) (Whiteley et al., 2018).

While various HHD hamstring strength tests seem to offer acceptable
reproducibility, the validity of these isometric tests compared to the gold standard
of isokinetic dynamometry remains uncertain. From a practical standpoint, it is
essential to determine whether values provided by HHD tests correlate with those
of isokinetic dynamometry and if these tests have diagnostic accuracy for
screening individuals with between-limb strength asymmetry exceeding
acceptable levels. Identifying which HHD test positions best align with isokinetic
dynamometry results can assist physical therapists in selecting the most
appropriate option to adopt in their clinical setting. Therefore, this study aimed to
evaluate the validity and diagnostic accuracy of four HHD isometric tests with the

isokinetic dynamometry for assessing hamstring strength.
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METHODS

In this cross-sectional study, the volunteers agreed to undergo two
maximum strength testing sessions, one with an isokinetic dynamometer and the
other with an isometric dynamometer, conducted at the Federal University of
Health Sciences of Porto Alegre (UFCSPA) between the years 2023 and 2024.
This study was approved by the institutional ethics committee XXXXX, and all

volunteers provided informed consent before participating in the study.

Participants

Volunteers were recruited through advertisements on social media linked
to the university community. To be included in this study, volunteers had to be
male, between the ages of 18 and 35, and regularly engage in physical exercise
(e.g., individual sports, team sports, resistance training, etc.). Participants
declared that they were free from any current injuries and were fit to undergo the
tests. Athletes were excluded from the study if they: 1) had a knee ligament injury

within the past year; 2) had hamstring muscle injuries within the past 6 months.

Procedures

The isokinetic dynamometry and HHD tests were conducted on two separate
days. The researcher performing the isokinetic dynamometry was blinded to the
participants' performance in the HHD tests, and the researcher conducting the

HHD tests was likewise blinded to the isokinetic dynamometry results. The order
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of sessions was counterbalanced, with half of the participants beginning with the
isokinetic dynamometry session and the other half starting with the HHD testing
session. On the first day, all participants underwent a brief medical history review
and eligibility assessment before proceeding to a general warm-up consisting of
10 minutes on a stationary bike. On the second day, participants began directly

with the general warm-up.

Isokinetic dynamometry

A standardized isokinetic testing protocol was conducted for assessing
concentric and eccentric knee flexor peak torques on the Biodex System 4 Pro
isokinetic dynamometer (Biodex Medical Systems, USA) (T. M. Medeiros et al.,
2020). After the general warm-up, participants were positioned seated on the
isokinetic dynamometer according to the manufacturer's recommendations.
Participants performed 10 concentric knee flexion/extension repetitions at 90°/s
with a submaximal effort level for specific warm-up and familiarization with the
equipment. Thereafter, two attempts of three consecutive maximum contractions
were executed in the concentric—concentric mode (60°/s; 0°-90° of knee flexion)
and two attempts of three consecutive maximal contractions in the eccentric—
eccentric mode (60°/s; 30°-90° of knee flexion). Attempts were separated by one-
minute resting periods. The highest concentric and eccentric torque value were
considered the maximum strength for each type of contraction and used for

statistical analyses.
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Hand-held dynamometry

All assessments were conducted using a calibrated HHD (SP Tech,
Medeor Medtech, Floriandpolis, SC, Brazil). Participants were assessed in four
distinct joint positions, labeled as tests A, B, C, and D. In "Test A" (Figure 1)
(Reurink et al., 2016), the participants were assessed in the prone position, with
the hip in a neutral position and the knee flexed to approximately 90° (0° = full
knee extension). A belt was positioned over the glutes to secure and prevent
compensation, and the HHD was placed just above the malleoli. The participants
were asked to perform knee flexion force while the examiner held the HHD to
maintain a fixed position. In 'Test B' (Goossens et al., 2015) (Figure 1), the
participants were assessed in the prone position, with the hip in a neutral position
and the knee flexed to approximately 30° (0° = full knee extension). The
participants were asked to perform knee flexion force while the examiner held the
HHD to maintain a fixed position. In Test C' (Figure 1) (Whiteley et al., 2018),
the participants were assessed in the supine position, with the hip and knee
flexed to approximately 90°. A belt was used to ensure that the hip remained fixed
during the test. The participants were asked to exert knee flexion force against
the HHD positioned between their heel and a 50 cm box. Wedges were used on
the box to ensure the specified angle. In 'Test D' (Figure 1) (Larson et al., 2022),
the participants were assessed sitting on a box with the hip and knee flexed to
90°. The participants were asked to press the HHD positioned between the heel

and the box.

The order of the HHD tests was randomized using the website random.org.

In each position, participants performed three maximal isometric contractions,
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190 each lasting five seconds, with a 30-sec recovery interval between attempts.
191  Verbal encouragement was provided by the researchers during all repetitions to
192  ensure maximal effort from the participants. The highest force value measured in
193 each position was considered for statistical analyses. Torque values were
194 calculated by multiplying force values by the lever arm length, defined as the
195 distance (in meters) between the knee joint and the point of HHD application for

196  each participant.

197
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198

199  Figure 1: Handheld dynamometer hamstring tests: ‘test A’ (top left corner), ‘test

200 B’(top right corner), test ‘C’ (bottom left corner) and ‘test D’ (bottom right corner).
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Statistical analysis

Descriptive statistics were used to describe the participants’
characteristics and outcomes through mean, standard deviation (SD), and 95%
confidence interval (CI). Normality of the data was assessed using the Shapiro-
Wilk test. Force (measured in Newtons), torque (calculated in Nm and Nm/kg),
and limb symmetry index (LSI) provided by the two isokinetic tests and the four
HHD isometric tests were compared using a one-way ANOVA, followed by
Bonferroni post-hoc. The LSI was calculated using the following formula: 100 -

[(non-dominant limb/dominant limb) x 100].

The validity of each HHD isometric test was analyzed using Pearson or
Spearman correlation coefficients, depending on whether the data followed a
normal or non-normal distribution, respectively, to assess the relationship
between its results and those of the isokinetic concentric and eccentric tests. The
correlation values were interpreted as follows: <0.5 indicated weak validity, 0.5—
0.75 indicated moderate to good validity, and >0.75 indicated excellent validity

(Almeida et al., 2017, 2019).

The diagnostic accuracy of the HHD isometric tests compared to isokinetic
tests for detecting between-limb strength asymmetries greater than 10% (i.e., LSI
values <90 or >110) was evaluated by calculating sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and overall accuracy.
Participants were initially classified as positive (i.e., abnormal LSI value) or
negative (i.e., normal LSI value) based on the LSI measured during isokinetic

tests. Participants were then classified as true positives or true negatives when
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the isometric test results aligned with the isokinetic test results, and as false
positives or false negatives when the isometric test results conflicted with those

of the isokinetic test.

Sensitivity measures the proportion of actual positives that are correctly
identified (Equation 1). Specificity measures the proportion of actual negatives
that are correctly identified (Equation 2). PPV measures the proportion of positive
test results that are true positives (Equation 3). NPV measures the proportion of
negative test results that are true negatives (Equation 4). Accuracy measures the

proportion of all test results that are correctly identified (Equation 5).

Equation 1: Sensitivity = TP = (TP + FN)

Equation 2: Specificity = TN = (TN + FP)

Equation 3: PPV =TP = (TP + FP)

Equation 4: PPN = TN = (TN + NF)

Equation 5: Accuracy = (TP + TN) + (TP + TN + FP + FN)

Where, ‘TP’ is true positive cases, ‘TN’ is true negative cases, ‘FP’ is false

positive cases, and ‘FN’ is false negative cases.
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RESULTS

Thirty physically active men completed the full study schedule (Table 1).
Participants were regularly engaged in strength training, functional training,
and/or sports such as football, seven-a-side football, futsal, volleyball, footvolley,
tennis, boxing, and running. The weekly frequency of their activity was distributed
as follows: two exposures per week (13%), three exposures per week (20%), four
exposures per week (20%), five exposures per week (40%), and six exposures

per week (7%).

Table 2 presents the force and torque values, as well as the LSI, measured
with the two isokinetic tests and the four HHD isometric tests. Significant
differences (p<0.05) between the tests were found for force and torque values,

but not for the LSI.

Correlation between the measures from the IK tests and the HHD isometric
tests are detailed in Table 3. The peak torque measured by the concentric
Isokinetic test showed a weak correlation with isometric tests A and B, while it
demonstrated a moderate to good correlation with test C (values in N and Nm)
and test D (values in Nm). The peak torque measured by the eccentric isokinetic
test showed a weak correlation with isometric tests A, B, and C, while it
demonstrated a moderate to good correlation with test D (values in N and Nm).
The LSI values measured isokinetic ally showed weak correlations with those

obtained from the isometric tests using HHD.
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267

Diagnostic accuracy for HHD isometric tests ranged between 46.7% and

60% for screening subjects with abnormal concentric LS| (Table 4), and between

46.7% and 63.3% for those with abnormal eccentric LSI (Table 5).
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Mean (SD) 95% ClI
Age (years) 27 (5) 251to0 29
Weight (kg) 80 (10) 76 to 83
Height (cm) 177 (5) 175to0 179
Body mass index 25 (3) 24 to 26
(kg/m?)

268

269 Table 1. Characteristics of the participants.
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270

Newtons Newton-meters Newton-meters per kilogram Limb symmetry index
(N) (Nm) (Nm/kg) (LSI)

Mean (SD)  95% ClI Mean (SD)  95% ClI Mean (SD) 95% ClI Mean (SD) 95% ClI

IK concentric test - - 132 (28) ¢  125t0 138 1.67 (0.32) ¢ 1.581t01.75 94 (9) 90 to 97
IK eccentric test - - 226 (77) ¥ 206 to 246 2.84 (0.90) #<d 261 to 3.07 95 (10) 91 to 99
HHD test A 172 (34) P 163t0 180 76 (16) “c  72t080  0.97 (0.23)#c 0.91t01.03 101 (29) 90 to 112
HHD test B 276 (51) ™ 26310289 122 (22)%¢ 117t0128 1.55(0.31)%9 1.47t01.63 98 (13) 93 to 103
HHD test C 298 (55) & 284t0312 132(26) %9 126t0139 1.67(0.31)%¢ 1.59t0 1.75 102 (18) 95 to 109
HHD test D 213 (43)®° 202t0224 95(20)*  89t0 100 1.20 (0.24) *c 1.13t01.26 96 (15) 90 to 101

271 #Different than IK concentric test; & Different than IK eccentric test; 2 Different than HHD test A; P Different than HHD test B; © Different than HHD test C; ¢

272 Different than HHD test D.

273  Table 2. Measures from the isokinetic (IK) tests and the hand-held dynamometer (HHD) isometric test.
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275
276
277

278

279

IK concentric test IK eccentric test
rorrho p-value rorrho p-value
HHD test A
N 0.184 0.159 0.034 0.794
Nm 0.208 0.110 -0.011 0.937
Nm/kg 0.326 0.011 0.004 0.977
LSI 0.192 0.309 -0.224 0.233
HHD test B
N 0.334 0.009 0.153 0.242
Nm 0.386 0.002 0.187 0.152
Nm/kg 0.377 0.003 0.008 0.954
LSI 0.412 0.024 -0.071 0.711
HHD test C
N 0.598 * <0.001 0.347 0.007
Nm 0.529 * <0.001 0.349 0.006
Nm/kg 0.431 <0.001 0.177 0.177
LSI 0.119 0.531 0.033 0.863
HHD test D
N 0.497 <0.001 0.606 * <0.001
Nm 0.508 * <0.001 0.559 * <0.001
Nm/kg 0.411 0.001 0.439 <0.001
LSI 0.212 0.262 -0.082 0.666

N, Newtons; Nm, Newton-meters; Nm/kg, Newton-meters per kilogram; LSI,
limb symmetry index. Significant correlations in bold; * Weak to moderate

correlation (> 0.05).

Table 3. Correlation between the measures from the isokinetic (IK) tests and

the hand-held dynamometer (HHD) isometric test.
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280

Sensitivity Specificity PPV NPV Accuracy
(%) (%) (%) (%) (%)
HHD test A 36.4 52.6 30.8 58.8 46.7
HHD test B 54.5 52.6 40.0 66.7 53.3
HHD test C 63.6 57.9 46.7 73.3 60.0
HHD test D 54.5 57.9 57.9 68.8 56.7

281 NPV, negative predictive value; PPV, positive predictive value.

282  Table 4. Diagnostic accuracy of the is hand-held dynamometer (HHD) isometric

283  tests in relation to the isokinetic (IK) concentric test.
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Sensitivity Specificity PPV NPV Accuracy
(%) (%) (%) (%) (%)
HHD test A 40.0 55.0 30.8 64.7 50.0
HHD test B 70.0 60.0 46.7 80.0 63.3
HHD test C 60.0 55.0 40.0 73.3 56.7
HHD test D 40.0 50.0 28.6 62.5 46.7

285 NPV, negative predictive value; PPV, positive predictive value.

286 Table 5. Diagnostic accuracy of the is hand-held dynamometer (HHD) isometric

287  tests in relation to the isokinetic (IK) eccentric test.
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DISCUSSION

This study was the first to compare four hamstring HHD tests with the gold
standard measure of isokinetic dynamometry. The main findings revealed that
tests C and D showed the highest correlation values with concentric and eccentric
peak torques, respectively. However, both tests demonstrated only moderate to
good validity with isokinetic dynamometry. Additionally, none of the HHD tests
demonstrated sufficient accuracy to identify individuals with limb asymmetry

greater than 10% as measured by isokinetic dynamometry.

All test positions investigated in the present study already have studies
validating their use, with test-retest ICC values ranging from 0.71 to 0.92
(Goossens et al., 2015; Larson et al., 2022; Reurink et al., 2016; Whiteley et al.,
2018). However, when it comes to validating isometric tests with the isokinetic
dynamometry, the current literature still lacks robust evidence to support such
conclusions. A systematic review (Stark et al., 2011), published in 2011 and
including 19 studies, found that HHD demonstrates moderate to good validity
compared to isokinetic tests for most muscle groups. However, the authors noted
a lack of standardized protocols, with methodological variability posing
challenges, especially for knee joint assessments. Corroborating the systematic
review, Baron et al. (2024) aimed to determine the validity and reliability of the
HHD for assessing the strength of the hamstring muscles at different muscle
lengths, by altering the hip and knee angles during measurement. Isometric
assessments of the posterior thigh musculature were performed at 0° of hip
flexion and 30° of knee flexion, 0° of hip flexion and 60° of knee flexion, 0° of hip

flexion and 90° of knee flexion, 80° of hip flexion and 30° of knee flexion, 80° of
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hip flexion and 60° of knee flexion, and 80° of hip flexion and 90° of knee flexion.
The reliability of the HHD ranged from good to excellent across all positions,
except for the seated position with the knee flexed at 30° (ICC = 0.72; 95%

confidence interval, 0.42-0.87, P < 0.001)(Baron et al., 2024).

Tests C and D showed the greater correlation with concentric and
eccentric isokinetic peak torques, respectively. These results are hypothetically
attributed to the similarity in angular positions of the knee and hip in relation to
the isokinetic dynamometry (i.e., 90° of hip flexion). This rationale is supported
by the findings of Whiteley et al. (2012), who evaluated hamstring strength using
isokinetic dynamometry and HHD, aiming to standardize strength assessment
methodologies. To achieve this, in addition to the isokinetic test, two distinct tests
were performed: an isometric test conducted with the subject seated and the knee
flexed at 30°, and an eccentric hamstring contraction test performed within a
reduced range of 45° to 15° of knee flexion in the prone position. Specifically,
regarding the isometric assessment, a high correlation was found (ICC = 0.91;
95% CI 0.78-0.96) between this method and the gold standard, indicating a
similarity between them (Whiteley et al., 2012). According to Ogborn et al.
(2021), given the biarticular structure of the semitendinosus, long head of the
biceps femoris, semimembranosus, and gastrocnemius, the positions of the hip,
knee, and ankle must be considered when determining isometric knee flexion
strength (Ogborn et al., 2023). According to the study, knee flexion torque was
greater in the seated position with the ankle dorsiflexed, suggesting a torque

increase that is directly proportional to the increase in hip flexion angle up to the
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seated position. This is attributed to the optimal positioning in the length-tension

relationship of the hamstrings (Worrell et al., 1989).

The reliability of a strength test performed in a clinical setting in diagnosing
between-limb strength asymmetry is critical for injury prevention and
rehabilitation. Therefore, this study analyzed the diagnostic accuracy of the four
HHD tests in identifying participants with asymmetry exceeding 10%. Generally,
a test with an area under the curve (AUC) greater than 0.9 indicates high
accuracy, while an AUC of 0.7 to 0.9 indicates moderate accuracy, 0.5 to 0.7
indicates low accuracy, and 0.5 represents a random result (Swets, 1988). To our
knowledge, this is the first study to evaluate the diagnostic accuracy of HHD tests
for the hamstrings. Our findings indicate that all four tests lack sufficient accuracy
to be recommended for use by physical therapists. They do not align with those
of previous studies that examined the accuracy of HHD tests for the quadriceps.
Sinacore et al. (2017) observed that HHD is a fair alternative for screening
individuals with LSI of 80% or 90% in isometric electromechanical dynamometry
in healthy subjects, although symmetry is typically overestimated (Sinacore et al.,
2017). Similarly, in subjects who have undergone ACL reconstruction, Almeida
et al. (2019) found that a HHD test had 100% specificity and 63.4% sensitivity to

identify those with LSI >10% in isokinetic dynamometry (Almeida et al., 2019).

Although the HHD is an easily accessible instrument, simple to handle,
and with well-defined protocols (Reurink et al., 2016), our results show that it is
not capable of replacing the strength assessments of the isokinetic dynamometer
when the clinician's objective is to assess the asymmetry between the limbs for

the hamstring muscles, even though for other muscle groups the diagnostic
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accuracy has already been evaluated and shown to be effective. It is important
to highlight that both the tests we used (Goossens et al., 2015; Larson et al.,
2022; Reurink et al., 2016; Whiteley et al., 2018) and some others available in
the literature (Kristiansen et al., 2024; Whyte et al., 2024) have been validated
and are widely used, and our findings do not aim to discourage the use of portable
dynamometers. Our key message is that clinicians should prioritize using an
isokinetic dynamometer when available, particularly for analyzing limb
asymmetries. For example, if the clinician wishes to assess the level of symmetry
between a patient's limbs, no isometric strength test position offers good
diagnostic accuracy. However, if an isokinetic dynamometer is not available, we
recommend using positions C and D, as they show better correlation than the

other tests.

We recognize that our study has some limitations. The HHD evaluation
depends on the evaluator's ability to position the device correctly. In our study,
especially for tests A and B, the evaluator also needs to be strong enough to
resist the force exerted by the subject. Secondly, although the rest interval
between tests and repetitions was respected and the isokinetic test was
performed on a different day from the HHD evaluation, we cannot rule out the
possibility that fatigue may have caused some effect. Additionally, our population
consisted of healthy young men who engage in regular sports practice, which
cautions us against extrapolating our data to other populations, such as patients
in rehabilitation after musculoskeletal injuries or elite athletes. Finally, we chose
four isometric tests with the HHD; however, the literature provides other positions

and angles that we were unable to include in our study.
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CONCLUSION

Hamstring maximum strength obtained in HHD tests C and D achieved
moderate to good correlations with concentric and eccentric peak torques
measured through the gold standard isokinetic dynamometry. However, none of
the HHD tests evaluated in this study demonstrated acceptable diagnostic
accuracy for screening individuals with between-limb asymmetry greater than

10%.
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4 CONCLUSAO GERAL

O processo de desenvolvimento da presente dissertacdo envolveu uma
série de discussodes e o0 aperfeicoamento de conceitos e ideias, e o produto deste
estudo, apGs comparar 4 testes distintos da musculatura isquiotibiais com o
dinambmetro isocinético, foi que os testes ndo apresentam correlacdo com o
padrdo ouro (testes A e B) ou uma correlagéo fraca (testes C e D). Além disso,
a nossa principal andlise estatistica evidenciou que nenhum dos 4 testes
apresentaram uma boa acuracia diagnoéstica, ou seja, foram incapazes de
detectar assimetrias de for¢a. Do ponto de vista pratico, nosso estudo ajuda os
clinicos na tomada de deciséo de escolha do melhor posicionamento de acordo
com o objetivo da testagem. Ademais, apesar de pouco acessivel, nosso estudo
reforca a qualidade e a imprescindibilidade da utilizacdo do dinambmetro

isocinético.
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5 IMPACTOS DO TRABALHO

A relevancia que a musculatura isquiotibial, especialmente no ambito da
reabilitacdo de lesdes musculo esqueléticas, como lesbes musculares ou
reconstrucdo de ligamento cruzado anterior, ja € bastante consolidado. Além
disso, a forca muscular exerce um papel fundamental, desde a qualidade de vida
até a alta performance, tornando a necessidade de mensura-la ainda mais
crucial. Nesse sentido, ao propormos a comparacdo entre testes de forca
isométricos com um dispositivo altamente acessivel com o teste considerado
padrdo ouro, visando correlaciona-los, busca-se explorar a aplicabilidade desses
achados no contexto clinico, esperando que esses resultados possam impactar
diretamente os profissionais que atuam em clinicas de reabilitacdo, clubes de
futebol e outros ambientes voltados a reabilitacdo, a promocao da saude e ao
desempenho fisico. Assim, os resultados deste estudo auxiliam os profissionais
na selecdo do teste mais adequado para os objetivos especificos de cada
paciente, a partir de um conjunto de opcdes disponiveis. Além disso, nossos
achados fornecem aos clinicos uma compreensao mais precisa da acuracia e,
especialmente, das limitagbes associadas a dinamometria isométrica dos
isquiotibiais. Por fim, embora o Grupo de Ciéncia no Esporte e Exercicio (GCEE)
ja atue nesse campo de pesquisa, o presente estudo identificou lacunas
relevantes na literatura que ainda precisam ser preenchidas. Essas lacunas
representam oportunidades para o envolvimento de mais estudantes e
pesquisadores em estudos futuros, sempre com o objetivo de fornecer subsidios
cientificos que auxiliem os clinicos na tomada de decisdes para o atendimento

de seus pacientes.
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realizados no projeto de pesquisa sera devidamente

indenizado.

Beneficios:

Em até 48 horas apods a avaliagdo o voluntério recebera por e-mail o relatério de desempenho contendo os
resultados obtidos na bateria de testes.
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Comentarios e Consideragoes sobre a Pesquisa:

Conforme Informagdes Basicas do projeto na PB, trata-se de Estudo transversal observacional, nacional.
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em 01/04/2023 e encerramento do estudo em 30/08/2024.

Consideracoes sobre os Termos de apresentacdo obrigatdria:

Pesquisador assistente e aluno de de Mestrado: Vinicius de Borba Capaverde, deve ser cadastrado na
Plataforma Brasil como membro da equipe de pesquisa.

Recomendacdes:

Caso haja necessidade de adequagdo da metodologia, cronograma

entre outros, devera ser encaminhada "emenda”, dentro da vigéncia do projeto.

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Ressalta-se que nenhum dos documentos anexados a plataforma até este momento deverdo

ser retirados, devendo, no caso de substituicdo, os novos documentos serem adicionados com 0 mesmo
nome que foram incluidos na primeira vez, com a mencao de "_versdo 2", “_versao 3", e assim
sucessivamente para nova avaliagdo do CEP.

Consideragdes Finais a critério do CEP:

Solicitar incluséo na Plataforma Brasil do pesquisador assistente como membro da equipe de pesquisa.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:
Tipo Documento Arquivo Postagem Autor |Situat;§o|
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Informagoes Basicas| PB_INFORMACOES_BASICAS_DO_P | 31/01/2023 Aceito

do Projeto ROJETO 2081902.pdf 11:11:09

Folha de Rosto folhaDeRosto_29Bruno_assinado.pdf 31/01/2023 |Bruno Manfredini Aceito
11:10:58 | Baroni

Projeto Detalhado / | Projeto.pdf 31/01/2023 | Bruno Manfredini Aceito

Brochura 07:38:57 |Baroni

Investigador

TCLE / Termos de | TA.pdf 31/01/2023 |Bruno Manfredini Aceito

Assentimento / 07:37:30 |Baroni

Justificativa de

Auséncia

TCLE / Termos de | TCLE.pdf 31/01/2023 | Bruno Manfredini Aceito

Assentimento / 07:37:22 |Baroni

Justificativa de

Auséncia

Declaragéo de TCER.pdf 31/01/2023 |Bruno Manfredini Aceito

Pesquisadores 07:36:43 _|Baroni

Declaracéo de TARS.pdf 31/01/2023 | Bruno Manfredini Aceito

Instituicao e 07:36:25 |Baroni

Infraestrutura
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