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ABSTRACT
Aim. To determine the absolute and relative reliability of functional trunk tests, using a
functional electromechanical dynamometer to evaluate the isokinetic strength of trunk
flexors and to determine the most reliable assessment condition, in order to compare
the absolute and relative reliability of mean force and peak force of trunk flexors and
to determine which isokinetic condition of evaluation is best related to the maximum
isometric.
Methods. Test-retest of thirty-seven physically active male student volunteers who
performed the different protocols, isometric contraction and the combination of three
velocities (V1 = 015 m s−1 , V2 = 0.30 m s−1, V3 = 0.45 m s−1) and two range of
movement (R1 = 25% cm ; R2 = 50% cm) protocols.
Results. All protocols to evaluate trunk flexors showed an absolute reliability provided a
stable repeatability for isometric and dynamic protocols with a coefficient of variation
(CV) being below 10% and a high or very high relative reliability (0.69 < intraclass
correlation coefficient [ICC] > 0.86). The more reliable strength manifestation (CV=
6.82%) to evaluate the concentric contraction of trunk flexors was mean force, with
0.15 m s−1 and short range of movement (V1R1) condition. The most reliable strength
manifestation to evaluate the eccentric contraction of trunk flexors was peak force, with
0.15 m s−1 and a large range of movement (V1R2; CV= 5.07%), and the most reliable
way to evaluate isometric trunk flexors was by peak force (CV = 7.72%). The mean
force of eccentric trunk flexor strength with 0.45 m s−1 and short range of movement
(V3R1) condition (r = 0.73) was best related to the maximum isometric contraction.
Conclusion. Functional electromechanical dynamometry is a reliable evaluation system
for assessment of trunk flexor strength.
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INTRODUCTION
Trunk flexion is present in daily activities, such as walking or sit-to-stand (Roldán-
Jiménez, Bennett & Cuesta-Vargas, 2015; Silva et al., 2015; Moon & Kim, 2017) , and in
different sports performance actions, such as overhead throwing (Van den Tillaar &
Ettema, 2009; Liu, Leigh & Yu, 2010; Wagner et al., 2012; Wagner et al., 2014; Palmer et al.,
2015) or hitting a ball (Lindsay, Horton & Paley, 2002; Chang et al., 2016). Studies have
demonstrated the importance of trunk strength for preventing injuries in the spine (Hutten
& Hermens, 1997; Mueller et al., 2012; Rossi et al., 2017) and knee (Araujo, Cohen & Hayes,
2015; Cronström et al., 2016), such as the low back pain and anterior cruciate ligament
injuries that frequently occur in sports and the workplace (Leboeuf-Yde et al., 2009; Sanders
et al., 2016; Kozak, Freitag & Nienhaus, 2017).

Due to the importance of trunk strength, clinicians and coaches must know whether
changes in strength over time reflect a real gain or loss, or are the result of the measurement
error (Atkinson & Nevill, 1998). Therefore, the validity and reliability of data are important
when assessing strength. The validity of data concern to which an individual’s test
performance reflects true performance and the reliability measures in tests and retests
concern the repeatability of the data observed in a sample (Hopkins, 2000; Hopkins,
Schabort & Hawley, 2001). In sports science, it is a requirement to have relative (intraclass
correlation coefficient (ICC)) and absolute reliability (standard error of measurement
(SEM) or coefficient of variation (CV)) of data. Relative reliability indicates how similar
the rank orders of the participants in the test are to the retest (Weir, 2005). The main
problem with relative reliability is that it depends on the variability of the sample. However,
absolute reliability is related to the consistency of individual scores (Hopkins, 2000;Hopkins
et al., 2009).

Until now, the evaluation of trunk strength has been carried out by way of medicine-
ball throws (Glenn et al., 2015), handheld dynamometers (Cowley et al., 2009; Paalanne
et al., 2009; Newman, Pollock & Hunt, 2012) or isokinetic devices (Dervisevic, Hadzic &
Burger, 2007; Mcintire et al., 2007; Roth et al., 2017). In these isokinetic devices, there is no
evaluation protocol to know at what velocity and at what range of movement the evaluation
should be performed (Dvir & Müller, 2019), even though there have been attempts (Dvir
& Keating, 2001). Still, there are indications that low-velocity movements are more reliable
for measuring trunk strength (Guilhem et al., 2014; Roth et al., 2017). Different studies that
have analyzed the reliability of test using peak force (Roth et al., 2017;De Blaiser et al., 2018;
Juan-Recio et al., 2018) but it has not been shown which strength manifestation (peak force
or mean force) is more reliable for assessing trunk strength.

Functional electromechanical dynamometry (FEMD) is a new technology that allows
us to evaluate and train strength in human beings. Its provides a quantified measurement
of strength and its ease of use and low cost. Unlike other isokinetic devices, this device
(DynaSystem, Model Research, Granada, Spain) generates linear isokinetic speeds between
other dynamicmodes (tonic, kinetic, elastic, inertial, conical) to static (isometric, vibratory)
allowing to evaluate and train through resistance/velocity constant and variable (Campos
Jara et al., 2014). Furthermore, it has been described as a valid and reliable measurement
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