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Abstract. Reliability refers to the consistency of one outcome when the measurement is repeated. Sport scientists are aware of 
the importance of reliability and, consequently, a large number of single-center studies (performed in only one research center 
following specific protocols) have been conducted to evaluate the reliability of different testing procedures. Although single- 
center reliability studies are valuable, their findings could be compromised by the generally low sample size that can be gathered 
and restricted to the specific population and testing procedures used, reducing external validity. More robust information about the 
reliability of fitness tests could be obtained by pooling the data collected in independent research centers on a collaborative basis 
(multicenter reliability studies). This manuscript highlights the potential benefits of multicenter reliability studies and provides 
a number of recommendations for conducting multicenter reliability studies based on both a priori (researchers from different 
centers agree to collect data to address a specific question) and a posteriori (the data of published single-center studies are 
post-hoc combined) approaches.
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1. Importance of reliability in sports medicine and 
science

The assessment of muscular function through fitness 
tests provides valuable information to sport scientists 
and practitioners [1]. The fitness tests may help to iden
tify specific deficiencies [2], detect individuals suited 
to a particular athletic endeavor [3] and m onitor m us
cular function over tim e [4], One of the main proper
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ties o f any fitness test is its reliability [5,6]. It is im 
portant to note that different variables can be collected 
during a specific fitness test. For example, a fitness 
test could be the vertical jum p and the outcome vari
ables could be the jum p height, maximum force, rate 
o f force development, etc. In this regard, it is plausi
ble to observe meaningful differences in reliability be
tween different variables collected during a specific fit
ness test. For instance, during the isometric mid-thigh 
clean pull (fitness test) the maximum force can be ob
tained with a higher reliability than the rate o f force 
development [7], The present m anuscript proposes a 
guide to explore the reliability o f the different outcome 
variables that can be collected during specific fitness 
tests when the measurem ent is repeated.
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The standard error of the measurement (SEM), ex
pressed as coefficient of variation (CV), is the main 
indicator of the consistency of individual scores [5], 
When assessing individual subjects, it is particularly 
important that the CV of the fitness test is lower than 
the smallest worthwhile change (SWC) in the tested 
performance [8]. Namely, if the CV of a fitness test 
(e.g., 5%) is higher than the SWC (e.g., 3%), a hy
pothetically meaningful change in performance (e.g., 
4%) could be attributable to the typical error of the test. 
Unfortunately, the CV of many fitness test is higher 
than the SWC, limiting their usefulness to monitor in
dividual changes in performance [8]. Therefore, the 
reliability of fitness tests should be explored to iden
tify and standardize the testing procedures that pro
vide more reliable outcomes. Although different crite
ria have been used to decide whether a fitness test can 
be considered reliable (e.g., CV < 10% and 5% for ac
ceptable and high reliability, respectively) [7], the CV 
should be as low as possible to ensure that the fitness 
test is able to detect the SWC in performance.

The evaluation of the reliability of fitness tests has 
received increasing attention over the last years. When 
searching in the Web of Science for the keywords “re
liability” and “sport” or “fitness”, a total of 659 ar
ticles were found to be published in 2015, 719 in 
2016, 797 in 2017, 885 in 2018, and 1042 in 2019. 
Most of these studies are single-center reliability stud
ies (i.e., studies that are conducted in only one re
search center following a specific testing protocol). Al
though the single-center reliability studies are appar
ently valuable, their findings could be compromised by 
a relatively low sample size and somehow restricted 
to the specific population and testing procedures used. 
Of note is that the same search adding the keyword 
“multicenter” or “multicentre” only retrieved 4 articles 
for 2015, 7 articles for 2016, 8 articles for 2017, 3 
articles in 2018, and 7 articles in 2019. However, af
ter careful examination of those articles, only 6 arti
cles were identified with the objective of examining the 
reliability of fitness tests [9-14], Five of those stud
ies examined the reliability of field-based fitness tests 
(i.e., conducted outside the laboratory) [9-12,14] and 
only one study was conducted under laboratory con
ditions [13], Overall, the literature search revealed a 
paucity of data from multicenter reliability studies, es
pecially for fitness tests performed under laboratory 
conditions. Therefore, the objective of this manuscript 
is to propose the multicenter reliability study, which 
consists of the combination of the data collected by 
several research centers, as a viable approach to gather

more meaningful information about the reliability of 
fitness tests performed in field and laboratory condi
tions.

2. Potential benefits of multicenter reliability
studies

Multicenter reliability studies could be valuable 
in sports science, not only for exploring the effects 
of training interventions [19], but also for assessing 
the reliability of different fitness tests. While Impel- 
lizzeri [ 19] pointed out some advantages of multicenter 
studies for conducting training interventions, here we 
highlight the three main benefits of multicenter studies 
for exploring the reliability of fitness tests.

2. /. Recruitment o f more subjects

The combination of the data collected in different re
search centers would allow the recruitment of a larger 
sample size. Note that although a minimum of 50 study 
participants have been recommended when conduct
ing reliability studies in sports science [5], most of the 
single-center studies assessing the reliability of fitness 
tests use a lower sample size [20-23]. The number 
of recruited participants is especially low when test
ing highly-trained or elite athletes. In this regard, one 
of the advantages of the multicenter approach is that 
the data of subjects belonging to a specific popula
tion (e.g., elite athletes) can be collected in different 
research centers using similar testing procedures and 
later combined in a multicenter reliability study. There
fore, through a larger sample size, multicenter reliabil
ity studies are expected to provide a more precise esti
mation of the reliability of different fitness tests.

2.2. Improvedgeneralizability

Slight variations in the characteristics of single
center studies would allow to obtain a more robust in
dicator of the overall reliability of the fitness test when 
their outcomes are combined in a multicenter reliabil
ity study. The variation could consist of the assessment 
of different populations (elite athletes, physical educa
tion students, older adults, etc.) or the use of different 
testing procedures (exercises, instructions given to par
ticipants, equipment used, etc.). However, it is impor
tant to note that the multicenter reliability study could 
face the problem of the standardization of methods and 
protocols. Therefore, sport scientists should be cau
tious not to include too heterogeneous testing proce
dures that could compromise the accuracy of the over
all CV.


