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ABSTRACT
Background. The evaluation of the force in internal rotation (IR) and external rotation
(ER) of the shoulder is commonly used to diagnose possible pathologies or disorders
in the glenohumeral joint and to assess patient’s status and progression over time.
Currently, there is new technology ofmultiple joint isokinetic dynamometry that allows
to evaluate the strength in the human being. The main purpose of this study was to
determine the absolute and relative reliability of concentric and eccentric internal and
external shoulder rotators with a functional electromechanical dynamometer (FEMD).
Methods. Thirty-twomale individuals (21.46± 2.1 years) were examined of concentric
and eccentric strength of shoulder internal and external rotation with a FEMD at
velocities of 0.3 m s−1 and 0.6 m s−1. Relative reliability was determined by intraclass
correlation coefficients (ICC). Absolute reliability was quantified by standard error of
measurement (SEM) and coefficient of variation (CV). Systematic differences across
velocities testing circumstances, were analyzed with dependent t tests or repeated-
measures analysis of variance in case of two or more than two conditions, respectively.
Results. Reliability was high to excellent for IR and ER on concentric and eccentric
strength measurements, regardless of velocity used (ICC: 0.81–0.98, CV: 5.12–8.27%
SEM: 4.06–15.04N). Concentric outcomes were more reliable than eccentric due to the
possible familiarization of the population with the different stimuli.
Conclusion. All procedures examined showed high to excellent reliability for clinical
use. However, a velocity of 0.60 m s−1 should be recommended for asymptomatic
male patients because it demands less time for evaluation and patients find it more
comfortable.
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INTRODUCTION
Clinicians and researchers periodically assess strength changes in the status of their patients
(McLaine et al., 2016). The evaluation of the strength in internal rotation (IR) and external
rotation (ER) of the shoulder is commonly used to (I) diagnose possible pathologies or
disorders in the glenohumeral joint, (II) evaluate the effectiveness and progression of the
proposed treatment, and (III) as well as to quantify the change in muscle quality and the
development of strength over time (Cools et al., 2014; Edouard et al., 2011). Also, objective
measurements of this variable have proved to be essential for the identification of a
patient at risk of injury, especially in athletes, against subjective measures or the self-report
outcome score (Cools et al., 2015). Clinicians and researchers should have accurate and
reliable protocol tests that objectively assess changes in strength over time that reflect the
real gain or loss due to the protocol measurement (Edouard et al., 2011; Johansson et al.,
2015).

The reliability measures in test-retest concern the repeatability of the data observed in a
population in repeated measures (Hopkins, 2000). In medicine, it is a requirement to have
relative reliability data with intraclass correlation coefficients (ICCs) and absolute reliability
with a standard error of measurement (SEM) and coefficient of variation (CV) (Hopkins,
Schabort & Hawley, 2001). The relative reliability indicates how well the rank order of the
participants in the test are similar to the retest. The main problem with relative reliability
is that it depends on the variability of the sample (Hopkins, 2000; Hopkins, Schabort &
Hawley, 2001). However, absolute reliability is related to the consistency of individual
scores (Hopkins, Schabort & Hawley, 2001;Weir, 2005).

Multiple tests have been created for the evaluation of shoulder strength with a wide
variety of tools, includingmanual muscle testing ( Lu et al., 2007), handheld dynamometers
(Chamorro et al., 2017; Cools et al., 2014; Holt et al., 2016) or isokinetic devices (Andrade
et al., 2010; Radaelli et al., 2010; Stickley et al., 2008). Isokinetic devices are considered as
the gold standard in strength evaluations since they allow you to evaluate the maximum
dynamic force throughout the range of motion (ROM) (Caruso, Brown & Tufano, 2012).
Due to the biomechanics of the shoulder joint and its wide mobility, the reliability of the
measurements in isokinetic devices are influenced by many factors (mechanical aspects,
subjects, joints, and testing protocols), the assessment position, including the position of
the shoulder (shoulder posture and joint-axis alignment) and the position of the body
(sitting, supine, or standing and stabilization) (Broztman &Wilk, 2005; Edouard et al.,
2011). Also, there are discrepancies in the literature regarding the most reliable velocities
for testing. Additionally, most previous studies investigated the reproducibility of shoulder
measurements between 60◦/s and 240◦/s (Nugent, Snodgrass & Callister, 2015). Higher
velocities seem to be important when power assessment is necessary (the ability to produce
moment rapidly) but less reliable. Some authors report faster velocities to be more reliable,
while others report that low speeds are more reliable for measuring shoulder rotator’s
strength (Edouard et al., 2011; Nugent, Snodgrass & Callister, 2015).

Nowadays, a new multiple joint isokinetic dynamometry has appeared (Dvir & Müller,
2019), denominated functional electromechanical dynamometry (FEMD). It allows us to
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