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Abstract

Background Physical fitness is a powerful predictor of morbidity and mortality, and is therefore a useful indicator for pub-
lic health monitoring. To assess physical fitness, field-based tests are time-efficient, inexpensive, have minimal equipment
requirements, and can be easily administered to a large number of individuals.

Objective The objective of this systematic review was to examine the reliability of existing field-based fitness tests used in
adults aged 19-64 years.

Methods A systematic search of two electronic databases (MEDLINE and Web of Science) was conducted from inception
to 8 June 2021 by two independent researchers. Each study was classified as high, low, or very low quality according to the
description of the participants, the time interval between measurements, the description of the results, and the appropriateness
of statistics. Three levels of evidence (strong, moderate, and limited) were established according to the number of studies and
the consistency of their findings. The study protocol was registered in the International Prospective Register of Systematic
Reviews (PROSPERO reference number, CRD42019118480).

Results Of 17,010 records identified, 129 original studies examining the reliability of field-based fitness tests in adults were
considered eligible. The reliability was assessed of tests of cardiorespiratory fitness (33 studies: 30 of high quality), musculo-
skeletal fitness (92 studies: 78 of high quality), and motor fitness (22 studies, all of high quality). There was strong evidence
indicating: (i) the high reliability of the cardiorespiratory fitness tests: 20-m shuttle run, 6-min step, and 6-min walk; (ii) the
high reliability of the musculoskeletal fitness tests: handgrip strength, back-leg strength, Sorensen, trunk flexion sustained,
5-reps sit-to-stand, sit-and-reach and toe-touch, and moderate reliability bilateral side bridge and prone bridge tests; and
(iii) the moderate reliability and low reliability, respectively, of the motor fitness tests 7-test and single-leg stand. We found
moderate evidence indicating the moderate or high reliability of the following tests: Chester, sit-up, partial curl-up, flexion-
rotation trunk, timed stair ascent, pull-up, bent-arm hang, standing broad jump, hop sequence, trunk lift, timed-up-and-go,
and hexagon agility. Evidence for the reliability of balance and gait speed tests was inconclusive. Other field-based fitness
tests demonstrated limited evidence, mainly due to there being only few studies.

Conclusions This review provides an evidence-based proposal of the more reliable field-based fitness tests for adults aged
19-64 years. Our findings identified a need for more high-quality studies designed to assess the reliability of field-based
tests of lower and upper body explosive and endurance muscular strength, and motor fitness (i.e., balance and gait speed
tests) in adults.
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Field-based fitness-test batteries have been proposed
based on their reliability, criterion-validity, predic-

tive validity, feasibility, and safety for use in preschool
children, and children and adolescents (i.e., PREFIT
and ALPHA-fitness test battery, respectively). However,
there is no known field-based fitness-test battery with
these characteristics for adults.

Reliability assessment is only the first step for the recom-
mendation of field-based fitness tests.

Our study is a systematic review of the available evi-

dence and provides evidence-based recommendations
regarding the reliability of field-based fitness tests for
use in adults aged 19-64 years.

Its contribution is to better inform researchers, clinicians,
and practitioners so that they can select the best field-
based physical fitness tests to be used in adults. This
could be a first step towards finding a comprehensive
tool to assess or predict health status through physical
fitness.

1 Introduction

Physical fitness is a good indicator of the cardiometabolic
health of a person of any age [1-6]. Strong and consistent
evidence exists of an inverse relationship between physical
fitness, especially cardiorespiratory and muscular fitness,
and all-cause mortality and cardiovascular disease-related
mortality [4, 7-9]. Thus, the assessment of physical fitness
has become highly relevant from a clinical and public health
perspective. However, this indicator is not routinely used in
clinical settings to assess or predict health.

Measuring physical fitness through laboratory tests
requires sophisticated and expensive equipment, is time
consuming, and qualified technicians are needed to conduct
these tests. Field-based tests provide a reasonable alterna-
tive, as they involve minimal equipment and are less costly.
They can also be easily administered to several people at a
time, thus minimizing the assessment time needed. These
benefits make them a good option for routine use in differ-
ent contexts by researchers, clinicians, physical education
teachers, and personal health trainers.

Several field-based fitness test batteries have been pro-
posed for use in adults [10-13] such as Health-Related Fit-
ness Test Battery for Adults, Canadian Physical Activity,

Fitness and Lifestyle Appraisal (CPAFLA) and Adult Eurofit
Fitness Test Battery. Collectively, these include 30 field-
based tests to assess the different components of physical
fitness (i.e., cardiorespiratory fitness, musculoskeletal fit-
ness, motor fitness and body composition). This wide test
range makes it challenging to select appropriate tests for
adults of different ages and fitness levels. Field-based fit-
ness tests should meet several criteria related to their qual-
ity of measurements such as: (a) reliability (i.e., reproduc-
ibility of values in repeated trials on the same individual),
(b) criterion-validity (i.e., output of the test correlates with
the criterion measure, e.g., the gold standard), (c) predictive
validity (i.e., relationship with health outcomes), (d) feasibil-
ity (i.e., degree of being conveniently done), (e) safety (i.e.,
number of health complications occurring during the testing
procedure), and (f) responsiveness or longitudinal validity
(i.e., ability of a test to detect changes over time) [14—17].

A reliable test is useful for clinical and research purposes
as it offers similar results when performed on two or more
occasions under the same conditions in the same individual.
The reliability of a large number of field-based fitness tests
has been analyzed in adult populations with different char-
acteristics (i.e., age range, physical fitness level, or health
condition). We propose, however, that it would be desirable
to summarize the reliability determined so far of all existing
field-based fitness tests and establish their current level of
supporting evidence. The assessment of reliability is only a
first step in the recommendation process for a complete tool
to assess or predict health status through physical fitness.
There is a clear need to better inform researchers, clinicians,
and health personal trainers of the best physical fitness tests
to be used in adults.

Accordingly, this study sought to systematically review
studies conducted to examine the reliability of field-based
fitness tests used in adults aged 19-64 years. Based on these
findings, we provide an evidence-based proposal of the reli-
ability shown by field-based fitness tests.

2 Methods
2.1 Protocol and Registration

This systematic review was conducted according to Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines [18]. The review protocol
was registered in the International Prospective Register
of Systematic Reviews (PROSPERO reference number,
CRD42019118480) [19].
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2.2 Data Sources and Search Strategy

A systematic search was performed of the electronic data-
bases MEDLINE via PubMed and Web of Science from
database inception to 8 June 2021. The search terms used
were those related to the following topics: (i) Participants:
adult population (aged 19-64 years), (ii) Reliability: reliabil-
ity, repeatability, reproducibility, consistency and stability,
and (iii) Physical fitness components: physical fitness; mus-
cular strength; range of motion, articular; postural balance;
physical endurance; cardiorespiratory fitness, cardiovascular
fitness, aerobic fitness, aerobic capacity, maximal oxygen
consumption, VO,,..; motor fitness; running speed; agility.
The specific names of the fitness-test batteries in adults were
also considered. The three search topics were combined with
the Boolean operators ‘AND’ (inter topics) and ‘OR’ (intra
topics). When using PubMed, we included Medical Sub-
ject Heading (MeSH) terms to enhance the power of the
search. The same search strategy and combination of terms
was repeated in Web of Science but without using MeSH
terms or their equivalent as a similar option does not exist
for this database. The complete search strategy and search
terms used for each database are provided in the Electronic
Supplementary Material (ESM) Section 1.

2.3 Eligibility Criteria

Two researchers (MCG and DSO) independently assessed
the eligibility of studies. Inclusion criteria were (i) Study
design: original studies, reviews, and meta-analyses. (ii)
Topic: studies examining the reliability of field-based fit-
ness tests. (iii) Language: full reports published in English
or Spanish. (iv) Age: adults aged 19-64 years. During the
review, combined populations were observed (i.e., adults
and older adults, adults and adolescents). In these cases, we
noted whether these studies performed stratified analyzes by
age groups, isolating the adult population from the rest. If
s0, the study was included and information concerning the
adult population reported. In contrast, when the authors ana-
lyzed the whole sample together, we only included a study if
participant ages were predominantly within our established
age range. (v) Participants: generally healthy adults with
no significant health problems, diseases (e.g., heart failure,
chronic obstructive pulmonary disease, cancer, or neurologic
diseases) or conditions (e.g., cognitive impairment or intel-
lectual disability, mobility problems or any injury). Studies
conducted in professional athletes or designed for exclusive
use in clinical settings were excluded.

2.4 Study Selection

The study selection process was conducted in three stages. In
the first stage, records were identified through the PubMed

and Web of Science databases and imported into MENDE-
LEY software (version Desktop 1.19.4). Next, duplicate
files were removed, firstly automatically by the software and
secondly by visual checking. In the second stage, titles and
abstracts of the search results were examined for eligibility.
Finally, seemingly eligible full-text reports were read for
their final inclusion or exclusion in the review. The outcomes
of all stages were compared between two researchers (MCG
and DSO). When there was no consensus between the two
researchers (< 5%), a third researcher (APB) made the final
decision about inclusion. Reasons for exclusion of identified
articles were recorded. Additionally, the reference lists of
retrieved studies were examined to identify further articles.
The authors were not blinded to the articles selected, as the
reviewers who performed the quality assessment were famil-
iar with the literature. Figure 1 shows the flow diagram of
the study selection process.

2.5 Data Collection Process

Data extraction was independently double-checked by two
researchers (APB and DSO). The extracted data from the
included studies were (i) study (i.e., first author’s name and
year of publication); (ii) sample size used for the analysis
and characteristics of the study sample (i.e., sex, age, and
health condition); (iii) physical fitness test; (iv) study design
(i.e., time interval between measurements); (v) statistical
methods; and (vi) main outcome and conclusions.

2.6 Risk of Bias Assessment

A meta-analysis was not conducted due to the heterogene-
ity of statistical methods employed in the original studies,
the large number of tests, and the limited number of studies
per test. The risk of bias was assessed by two independent
researchers (APB and DSO). Overall agreement between the
two reviewers was 90% (kappa=0.76). Disagreements were
resolved by consensus in a meeting with a third researcher
(NMJ). Risks of bias of the original studies were determined
according to a quality assessment list for reliability studies
[20] based on four criteria: (i) adequate description of the
participants; (ii) adequate description of the time interval
between measurements; (iii) adequate description of the
results; and (iv) appropriateness of statistics. Each crite-
rion was scored from O to 2 (where 2 is the best score).
The scores of each criterion were summarized (0-8) for all
studies. Studies were then categorized as being of very low
quality (score < 2), low quality (score 2-5), or high quality
(score >6) (see ESM Table 1).



1964

M. Cuenca-Garcia et al.

Fig. 1 PRISMA flowchart
showing the selection of origi-
nal studies

Records identified through
database searching
(n = 17010):
MEDLINE (n = 9049)
Web Of Science (n = 7961)

Additional records identified
through other sources
(reference checking)
(n=42)

A 4

Records after duplicates removed

(n = 15275)

A

Records excluded by title
and abstract
(n=15105)
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(n=15275)

A

assessed for eligibility

Full-text articles Articles excluded (n = 41)

Reasons:

Y

(n = 170)

[ Included ] [ Eligibility ] [ Screening ] [Identification]

2.7 Level of Evidence

To make our final conclusions on the reliability of the fitness
tests identified, three levels of evidence were established
[21]: (i) strong evidence: consistent findings in three or more
high-quality studies; (ii) moderate evidence: consistent find-
ings in two high-quality studies; and (iii) limited evidence:
consistent findings in multiple low-quality studies, inconsist-
ent results in multiple high-quality studies, or results based
on a single study. When we found strong or moderate evi-
dence that a field-based fitness test was or was not reliable,
we discussed its level of reliability.

2.8 Statistical Analysis

Reliability refers to the consistency of measurements in
repeated trials on the same individual, or the absence of
measurement errors. Better reliability implies the better pre-
cision of single measurements [22]. The main components
of variability between repeated test results are systematic
error (due to learning, training, or fatigue effects or loss of
motivation) and random error (due to inherent biological
or mechanical variation, or inconsistencies in the measure-
ment protocol) [23, 24]. Several statistical methods have
been used to assess inter-rater (several observers examining

- Agerange (n=8)

- Not a field-based test (n = 18)
- Not a reliability study (n=7)
- Not original study (n = 3)

2 - Not full-text (n = 1)

Studies included in - Special populations (n = 3)

quallt?:\iels;ygr;thesm - Inappropriate protocol (n = 1)

the same participant) and intra-rater (same observer, also
referred to as fest-retest) reliability and agreement. Coeffi-
cients like Pearson’s correlation (7) and intraclass correlation
coefficient (ICC) are commonly used to describe relative
reliability (i.e., the consistency of measurements on indi-
viduals in a group relative to others). Pearson’s correlation
coefficient depends greatly on the range of values of the
sample. A high correlation between repeated scores reflects
well the stability of position or rank order within a particu-
lar sample; however, it does not detect systematic errors.
Thus, we need to be cautious when comparing test and retest
correlations between reliability studies or extrapolating the
results to other sample groups with different characteristics
[22]. A high (r>0.8) and statistically significant correlation
coefficient is deemed to indicate a high degree of correla-
tion (i.e., high reliability) [24, 25]. The ICC reflects both
systematic and random errors, is considered an appropri-
ate measure of agreement, and is often reported in place
of Pearson’s correlation; however, the ICC is affected by
between-subjects variability. In this review, an ICC <0.8
was considered to indicate low reliability, one between 0.8
and 0.9 moderate reliability, and one > 0.9 high reliability
[26]. However, neither Pearson’s correlation nor ICC offer
information on the heteroscedasticity of the sample. The
methods used to describe absolute reliability (consistency of
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repeated measurements for individuals) include the standard
error of measurements (SEM), coefficient of variation (CV),
Bland and Altman’s mean difference (also called system-
atic bias) and +95% limits of agreement (mean of the differ-
ences + 1.96 x standard deviation), paired t-test and analysis
of variance [25]. The SEM quantifies the precision of indi-
vidual scores in a test. It is not affected by between-subjects
variability (i.e., is considered a fixed characteristic of any
measure, regardless of the sample of subjects under inves-
tigation), and is useful in the absence of heteroscedasticity
[27]. Tt is expressed in standardized values (as a percentage
of the mean value of the measurements (SEM =mean of
the difference scores between two trials X 100/mean of the
first trial), a value < 15% is here considered acceptable) or
unstandardized values (the lower the value, the greater the
reliability) [24, 27]. The CV method assumes that greatest
test—retest variation occurs in individuals scoring the highest
values in the test (useful in the presence of heteroscedastic-
ity) and provides useful information about the random error
of measure (expressed as a percentage, < 10% is here con-
sidered acceptable) [24, 27]. Paired statistical or analysis of
variance for repeated measures is useful for detecting mean
differences (i.e., systematic errors) in reliability studies. The
Bland and Altman’s method and limits of agreement have
been widely used to evaluate reliability for within-subject
variation, taking into account both systematic and random
errors and helping identify the presence of heteroscedas-
ticity [22]. The reliability of nominal and ordinal unpaired
data is often analyzed with the Cohen or the weighted
kappa (k) coefficient (> 0.9 is here considered acceptable/
high agreement) or the percent agreement statistic (> 80%
is here considered acceptable/high agreement) [28]. Any
reliability study should not be based on a single statistic
method. Acceptable reliability should be based on statistical
methods to describe absolute and relative reliability to help
overcome possible limitations (i.e., relative and absolute
reliability methods to compare test reliability across the dif-
ferent studies). In this review, ICC was the statistical method
most frequently used to assess relative reliability. The SEM
is not affected by between-subjects variability as the ICC is.
To compare test reliability across the different studies, when-
ever possible we calculated SEM expressed as a percentage
of the mean. High ICC values and low SEM values suggest
high levels of reliability and reproducibility, regardless of
the characteristics of individuals.

3 Results

In our electronic search, 17,010 records were retrieved and
42 additional records identified through other sources (i.e.,
reference checking). After removing duplicates, 15,275 arti-
cles were identified, of which 15,105 were excluded after

reading the title and abstract, and 41 articles after reading the
full text. Reasons for exclusion were: (i) age range (n=_8);
(i) not a field-based test (n = 18); (iii) not a reliability study
(n="T7); (iv) not an original study (n=3); (v) not a full test
(n=1); (vi) special populations (n=3); and (vii) inappropri-
ate protocol (n=1). Finally, 129 studies were considered
eligible for our systematic review (see PRISMA flowchart
in Fig. 1). Of these 129 studies, 114 (88%) were classified
as ‘high quality’ and 16 (12%) as ‘low quality’; no article
was classified as ‘very low quality’ (see ESM Table 2). The
sample sizes of the individual studies ranged from 13 to 260.
The time interval between tests ranged from 1 to 54 days,
but in most it was 1 or 2 weeks, except for those examining
intra-session test—retest data.

Cardiorespiratory fitness was analyzed in 33 studies, of
which 30 were classified as high quality. The most com-
mon field-based fitness tests for assessing cardiorespiratory
fitness were the 20-m shuttle run test (ten studies, nine of
them classified as high quality), the 6-min walk test (four
studies, all of high quality) and the 6-min step test (four stud-
ies, all of high quality). The reliability of field-based fitness
tests assessing musculoskeletal fitness was investigated in
92 studies, 78 of which were classified as high quality. The
most common field-based fitness tests for musculoskeletal
fitness were the handgrip strength test (23 studies, 22 of high
quality) to assess isometric strength; the Sorensen test (11
studies, all of high quality), the partial curl-up test (six stud-
ies, five of high quality), the trunk flexion sustained test (11
studies, all of high quality), the push-ups test (five studies,
four of high quality), and the sit-to-stand test (eight stud-
ies, seven of high quality) to assess endurance strength; and
the sit-and-reach test (19 studies, 13 of high quality) and
toe-touch test (ten studies, eight of high quality) to measure
flexibility. The reliability of field-based fitness tests assess-
ing motor fitness was investigated in 22 studies, all classi-
fied as high quality. The most common field-based tests for
motor fitness were the timed up-and-go test (three studies)
and the T-test (three studies) (see ESM Table 3). ICC was
the statistical method most frequently used to assess relative
reliability. To assess absolute reliability, SEM, CV, analysis
of variance, and the Bland—Altman method were employed
(see ESM Table 3).

4 Discussion
4.1 Cardiorespiratory Fitness

Cardiorespiratory fitness reflects the overall capacity of the
cardiovascular and respiratory systems to supply oxygen dur-
ing maintained physical activity [29]. It has been tradition-
ally assessed through maximal (e.g., 20-m shuttle run test)
and submaximal (e.g., 2-km walk, 6-min walk, or 6-min step
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tests) field-based fitness tests. The reliability of the 20-m
shuttle run test was investigated in nine high-quality studies
[30-38]. In seven of these studies, the 20-m shuttle run test
demonstrated high test—retest reliability based on coefficients
of correlation (ICC=0.93-0.96 [31, 33, 34]; r=0.85-96
[30, 33-35, 37, 38]) in adults aged 18-45 years. Caution is
required when comparing reported coefficients between dif-
ferent samples (mainly of different ages and fitness levels).
In four of these studies, SEM was calculated showing the
low dispersion of measurement errors between test—retest
(all SEMs < 15% [31, 33-35]). In one study conducted in
active males of mean age 21.8 years, the 20-m shuttle run
test returned no significant mean test-retest differences
(»p=0.90), and a mean difference between test—retest (i.e.,
bias) and limits of agreement of 0.4 +2.7 mlO,/kg/min [32].
These findings are in agreement with those of other studies
performed in young adults [33, 36]. One of these studies
detected a mean difference and limits of agreements between
test—retest of 0.6 + 6.8 mlO,/kg/min [36]. In the other study,
the 20-m shuttle run test was performed three times in active
young adults, and the mean difference and limits of agree-
ment were — 1.1 +4.7 mlO,/kg/min between sessions 1 and
2, and 0.0 +5.5 mlO,/kg/min between sessions 2 and 3 [33].
These studies concluded that the 20-m shuttle run test offers
high reliability with reasonably narrow limits of agreement
and consistent results between test-retest in young adults
(i-e., no significant mean test—retest differences, ps > 0.05).
However, another study performed in men of mean age
34.8 years showed (despite an ICC > 0.95) a lack of signifi-
cant differences between test—retest (p <0.05), and a mean
difference between test-retest and limits of agreements of
0.8 +3.1 mlO,/kg/min [34]. Other studies analyzed the reli-
ability of different versions of the 20-m shuttle run test (i.e.,
20-m square shuttle run test [36], 15-m square shuttle run
test [39], 15-m shuttle walk/run test [40] and 10-m shuttle
walk test [41, 42]). The 20-m and 15-m square shuttle run
tests showed high reliability in adults aged 18-29 years, and
could be a good option to reduce the test’s turning angle
from 180° to 90° (r>0.78, p>0.05 between test—retest,
CV <£5.2%). The 15-m shuttle walk/run and the10-m shut-
tle walk tests demonstrated high reliability in adults aged
40-59 years (ICCs>0.93, p>0.05 between test—retest).
These tests could be an alternative to the 20-m shuttle run
test in adults whose fitness level is low or who find it difficult
to run (e.g., obese individuals or those with low back pain).

The reliability of the 6-min walk test was examined in
four high-quality studies [43—-46]. The test-retest reli-
ability of the 6-min walk test was considered high based
on coefficients of correlation (ICCs=0.93-0.96 [45, 46],
r=0.90 [43]) in three of these studies, and moderate in one
(ICC=0.82 [44]) in adults aged 18—64 years. The 6-min
walk test showed the low dispersion of measurement errors

between test-retest (all SEMs <3.2% [45, 46]). In one of
these studies performed in obese adults aged 21-62 years, in
addition to an ICC of 0.96 and considering mean significant
difference between test-retest (p <0.001), the 6-min walk
test showed a mean test—retest difference of 18 m, limits
of agreement between — 46 m and 80 m, and a CV of 4.7%
[46]. Thus, the 6-min walk test demonstrated good reproduc-
ibility in obese individuals based on a low CV and high ICC.
The reliability of the 5-min walk test, a modified version of
the 6-min walk test, was analyzed in 44 participants with low
back pain and 48 controls aged 21-63 years. Test-retest reli-
ability was moderate in the low back pain group ICC =0.87)
and low in the control group (ICC=0.60). However, SEMs
were low in both groups (<12%) [47]. Other field-based
fitness tests for assessing cardiorespiratory fitness based on
walking/running in a given time or space used in reliability
studies were: 2-km walk [48], 400-m walk [49], 1.5-mile
test (walking or running) [50], Université-Montréal [51] and
Cooper’s 12-min run [37].

The reliability of the 6-min step test was examined
in four high-quality studies [52-55]. In all of them, the
6-min step test showed high test—retest reliability based on
ICCs ranging from 0.90 to 0.97 [52-55]) in healthy adults
[52-54] and adults at risk of cardiovascular disease [55]
aged 20-64 years. The 6-min step test revealed the low
dispersion of measurement errors between test-retest (all
SEMs <2.8% [52, 54, 55]). The reliability of the Chester
step test was investigated in two studies conducted in adults
aged 19-52 years [56, 57]. These studies analyzed reliabil-
ity through the Bland—Altman method and showed mean
differences between test—retest and limits of agreement of
0.8 +3.7 mlO,/kg/min [56] and — 0.7 +4.5 mlO,/kg/min
(mean significant difference between test-retest p > 0.05)
[57]. In both studies, the Chester step test revealed the low
dispersion of measurement errors between test—retest (all
SEMs < 3%), indicating that this test had a high test-retest
reliability. Other field-based tests for assessing cardiorespi-
ratory fitness based on steps used in reliability studies were
the 2-level step [58] and the OSU step [59].

Levels of Evidence: There was strong evidence indicat-
ing that: (i) the 20-m shuttle run test demonstrates high
test—retest reliability in young adults; and (ii) the 6-min walk
and 6-min step submaximal tests show high test-retest reli-
ability in adults aged 18—-64 years. These submaximal tests
might be an alternative in adults with a low level of physi-
cal fitness or difficulty in running (e.g., obese individuals).
There was moderate evidence indicating that the Chester
step test provides results with high test-retest reliability in
adults aged 19-52 years. Due to the low number of stud-
ies (a single study), there was limited evidence indicating
that: (i) the 400-m walk and 2-km walk tests produce results
with high test—retest reliability in adults aged 30—64 years
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Table 1 Levels of evidence of

Field-based fitness test

Strong Moderate Limited

cardiorespiratory fitness tests

Cardiorespiratory fitness tests

Shuttle run tests
20-m shuttle run

20-m square shuttle run
15-m square shuttle run
15-m shuttle walk/run
10-m shuttle walk

(oo oNe)

Distance and time-based run/walk tests

6-min walk
5-min walk

1.5-mile run/walk

2-km walk
400-m walk

University Montreal
Cooper's 12-min run

Step tests
6-min step
Chester step
2-level step
OSU step

o000 0O0O

ce

@ =indicates high reliability

© =indicates moderate reliability

QO =indicates low/null reliability

=indicates inconclusive reliability

and could be an option to assess cardiorespiratory fitness in
adults with a low level of fitness or difficulty in running; (ii)
the 1.5-mile test (walking or running) demonstrates high
test—retest reliability in young adults aged 19-26 years; (iii)
the Cooper’s 12-min run test produces results with high reli-
ability in young adults, and the Université de Montréal Track
test does so in middle-age adults; (iv) the 2-level step test
provides highly reliable results in adults aged 55-64 years;
and (v) the OSU step test shows low reliability in young
adults (see Table 1).

4.2 Musculoskeletal Fitness

Musculoskeletal fitness is defined as the ability of a spe-
cific muscle or muscle group to generate force (muscular
strength) to resist repeated contraction over time, to main-
tain a maximal voluntary contraction for a prolonged period
of time (muscular endurance), or to carry out a maximal/
dynamic contraction in a short period of time (explosive
strength) [29]. Flexibility is defined as the ability of a spe-
cific muscle or muscle group to move freely through a full
range of motion [29].

4.2.1 Maximal Isometric Strength

The reliability of the handgrip strength test was analyzed
in 22 high-quality studies in adults aged 18-64 years [31,

44, 60-79]. Most of them examined handgrip strength-test
reliability using the JAMAR dynamometer as the measure-
ment tool (14 studies, aged range 18—64 years). In all of
these studies, the handgrip strength test demonstrated high
test—retest reliability according to coefficients of correlation
(ICCs=0.90-0.99 [60-62, 66, 67, 70, 71, 73=79], r=0.80
[66]). The test—retest reliability of the handgrip strength test
using other models of dynamometers (i.e., analog and digi-
tal TKK [68], DynEx [76], BTE-Primus [75, 80], Grippit
[78], Rolyan [79], Lode [63], Smedle [44], MicroFET 4 [69],
Lafayette [64], and Grip-ball [65]) was investigated showing
a high reliability based on ICCs > 0.90. While only a few
studies have addressed the reliability of the TKK dynamom-
eter, this method has several benefits over JAMAR, for
example: (i) the grip span of the TKK dynamometer can
be continuously adjusted for differences in hand size using
age- and sex-specific equations, whereas JAMAR has five
positions [81-84]; and (ii) the TKK dynamometer does not
need regular calibration, while JAMAR requires calibration
every year.

The reliability of the back-leg strength test (using as
instruments the Takei and the Baseline back-leg-chest
dynamometers) was examined in three high-quality studies
[85-87]. In all of them, the back-leg strength test showed
high test—retest reliability based on coefficients of correla-
tion (all rs> 0.8 [86] and ICCs> 0.9 [85, 87]) and acceptable
CV (< 10%) [87] in adults aged 19-46 years. In addition,
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in one of these studies, the back-leg strength test returned
no significant test-retest differences (p > 0.05) [86]. The
SEMs observed in these studies were low (all < 15%), thus
reflecting the low dispersion of measurement errors between
test—retest.

Levels of Evidence: There was strong evidence indicat-
ing that: (i) irrespective of the type of dynamometer used,
the handgrip strength test shows high test-retest reliability

in adults aged 18—64 years; and (ii) the back-leg strength
test provides results with high test-retest reliability in adults
aged 1946 years (see Table 2).

4.2.2 Endurance Strength (Dynamic or Isometric)

4.2.2.1 Trunk Endurance Strength Numerous tests have
been proposed to measure trunk muscle performance. Many

Table 2 Levels of evidence Field-based fitness test

Strong Moderate Limited

of musculoskeletal and motor

Musculoskeletal fitness tests

fitness tests . . .
Maximal isometric strength

Handgrip strength (Jamar)
Handgrip strength (TKK)
Handgrip strength (DynEx)

Handgrip strength (BTE Primus) ]

Handgrip strength (Grippit)
Handgrip strength (Royal)
Handgrip strength (Smedley)
Handgrip strength (Lode)
Handgrip strength (MicroFET 4)
Handgrip strength (Grip-Ball)
Handgrip strength (Lafayette)

Back-leg strength (Baseline, Takey) [ )
Endurance strength (dynamic or isometric)

Trunk endurance strength

Original/Modified Sorensen

Bilateral side bridge
Prone bridge
Sit-up

Original/Modified partial curl-up
Original/Modified trunk flexion

sustained
Flexion-rotation trunk

CECH

e

Lower body endurance strength

5-reps sit-to-stand
10-reps sit-to-stand
30-s sit-to-stand
60-s sit-to-stand

Original/Modified timed stair ascent ()

Modified step-up

Single-leg squats (isometric/

dynamic)

e ~o00

Upper body endurance strength
Original/Modified push-up

Original/Modified pull-up

Original/Modified bent-arm hang ©

Lift and reach task
Explosive strength

Lower body explosive strength

Standing broad jump

Countermovement vertical jump

Jump and reach
Hop sequence
Figure-eight hop
Up-and-down hop
Side-to-side hop

a0 o0~

Upper-Trunk body explosive strength
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Table 2 (continued)

Flexibility

Hamstring-low back flexibility

Modified medicine ball put
Front/side abdominal power

Original/Modifications sit-and-reach (]

Toe-touch

Trunk lift

Side-bending
Shoulder-neck mobility
Hand behind back

Motor fitness tests

Static Balance

Original/Modifications single-leg 0]

stand (open/closed eyes)

Parallel, semi-tandem and tandem

stand (open/closed eyes)
Dynamic Balance
Star excursion balance
Tandem walking
Functional balance
Gait speed - Agility
Timed up-and-go

Original/Modified 7T-Test

Original/Modified hexagon agility ©
Original/Modifications gait speed

4-square step
10x5 shuttle run
Zig-zag run
Edgren side step
Ilinois agility
Pro-agility
Agility track
Plate tapping

cOee® o0~

@ =indicates high reliability

@ =indicates moderate reliability

QO ~=indicates low/null reliability

=indicates inconclusive reliability

of these tests are isometric trunk holding tests (i.e., the
Sorensen, bridge and trunk flexion sustained tests) used to
measure the endurance capacity and fatigability of the trunk
muscles. Moreover, dynamic trunk tests such as full-range
sit-up (mainly foot held), curl-up or partial curl-up (mainly
foot free) or flexion-rotation trunk tests have been proposed.

The reliability of the Sorensen test to assess the isometric
endurance trunk extensor muscles was analyzed in 11 high-
quality studies in adults aged 18—64 years [47, 88-97]; four
of them examined a modified version of the Sorensen test
with the participant lying on the floor and held by a partner
[90-92, 95]. In healthy adults, the Sorensen test based on
coefficients of correlation demonstrated a high reliability
in three studies (ICCs=0.91-0.93 [47, 92], r=0.97 [90]);

moderate reliability in three (ICCs =0.80-0.85 [88, 95, 96])
and low reliability in one (r=0.74 [94]). In adults with low
back pain, the Sorensen test provided results with a high
reliability based on coefficients of correlation in four stud-
ies (ICCs=0.91-0.96 [47, 88, 91], r=0.97 [90]), moderate
reliability in two (ICCs=0.88 [93, 96]) and low reliability
in one (ICC=0.59 [97]. In another reliability study utilizing
the Bland—Altman method in adults with low back pain aged
30-58 years, the Sorensen test showed no systematic signifi-
cant differences between sessions (p > 0.05), a mean differ-
ence between test—retest of 0.15 s and limits of agreement
between — 1.61 and 1.93 s [89]. Overall, the SEMs observed
in these studies were low (all< 15% [47, 91, 94-97]), thus
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reflecting the low dispersion of measurement errors between
test—retest.

The reliability of the prone and bilateral side bridge
tests was analyzed in three and four high-quality studies,
respectively [87, 93, 95, 98—101]. The test—retest reliabil-
ity of the prone bridge test (supported by the elbow and
foot) was considered moderate to high, with ICCs ranging
from 0.86 to 0.95 in three studies conducted in adults aged
19-45 years [87, 100, 101]. The bilateral side bridge test
demonstrated a high test-retest reliability (ICCs > 0.90) in
one study in adults with low back pain [93] and moderate to
high test-retest reliability (ICCs=0.80-0.91) in three stud-
ies in healthy adults aged 18-57 years [95, 98, 99]. The
prone and bilateral side bridge tests showed the low dis-
persion of measurement errors between test—retest based on
low SEMs (all < 15% [87, 93, 95, 98, 99, 101]). The bridge
test requires minimal inexpensive equipment and is simple
to implement in different settings and in a wide range of
populations according to its easy held isometric position.

The reliability of the sit-up test was analyzed in two
high-quality studies [31, 93], the partial curl-up test in five
high-quality studies [93, 94, 102—-104], the trunk flexion
sustained test in 11 high-quality studies [8§9-94, 98, 100,
103, 105, 106] and the flexion-rotation trunk test in two
high-quality studies [107, 108]. The sit-up test showed mod-
erate test-retest reliability based on ICCs of 0.83 and the
low dispersion of measurement errors between test—retest
(SEMs < 5%) in adults aged 18-55 years [31, 93]. The
test—retest reliability of the partial curl-up test was consid-
ered moderate to high based on coefficients of correlation
(ICCs=0.89-0.98 [93, 102, 103], r=0.93 [104]) in adults
aged 18-57 years. The dispersion of measurement errors
between test—retest was low (SEMs < 15% [93, 102, 103]).
Another study performed in adults aged 35—44 years inves-
tigated the test—retest and inter-rater reliability of a modified
version of the partial curl-up test (i.e., feet without support),
finding low levels of agreement (Kappa’s <0.78) [94].

The reliability of the trunk flexion sustained test was ana-
lyzed in healthy adults [92, 94, 98, 100, 103, 105, 106] and
adults with low back pain [§9-91, 93] aged 18-59 years. In
healthy adults aged 18-57 years, the trunk flexion sustained
test demonstrated high test—retest reliability in four studies
according to coefficients of correlation (ICCs=0.93-0.95
[92, 98], rs=0.93-0.95 [90, 94]) and low test—retest reli-
ability in three ICCs=0.51-0.71 [100, 103], r=0.71 [106]).
In a further study, the trunk flexion sustained test showed a
mean test—retest difference of 7.9 s (95% CI — 5.7 to 21.5)
and a low CV (3.7%); but with low inter-rater reliability
(ICC=0.76) and high dispersion of inter-rater measurement
errors (SEM =19%) [105]. In adults with low back pain aged
18-58 years, the trunk flexion sustained test returned results
with high test-retest reliability in three studies (two of which
using a modified version of this test, i.e., lying on the floor

with legs elevated and arms folded across the chest) based
on ICCs ranging from 0.91 to 0.97 or Pearson’s coefficients
of 0.91 [90, 91, 93], and the low dispersion of measure-
ment errors between test—retest based on SEMs < 15% [91,
93]. In an additional study, the trunk flexion sustained test
showed no significant mean test-retest differences (p > 0.05),
an absolute mean test—retest difference of — 0.1 s, and limits
of agreement between — 3.4 and 3.2 s (for inter-rater reli-
ability) [89].

Finally, the flexion-rotation trunk test used to assess
trunk flexor-rotator dynamic endurance was analyzed in two
studies in young adults aged 19-27 years [107, 108]. The
flexion-rotation trunk test provided results with moderate
test—retest reliability based on ICCs >0.83 and SEMs < 15%
[107, 108].

Levels of Evidence: There was strong evidence indicating
that: (i) the Sorensen test and its modified versions and (ii)
the trunk flexion sustained test produce results with high
test—retest reliability in healthy adults and adults with low
back pain aged 18-64 years; and (iii) the prone and bilat-
eral side bridge tests show moderate test—retest reliability in
adults aged 18-64 years. There was moderate evidence indi-
cating that: (i) the sit-up and partial curl-up tests offer results
with moderate to high test—retest reliability in adults aged
18-57 years; and (ii) the flexion-rotation trunk test provides
results with moderate test—retest reliability in adults aged
19-37 years. However, a prolonged familiarization period
is needed before testing (at least three practice trials) (see
Table 2).

4.2.2.2 Lower Body Endurance Strength Lower body
endurance strength has been traditionally assessed using sit-
to-stand and timed stair-ascent tests. The reliability of the
sit-to-stand test was determined in seven high-quality stud-
ies [43, 45, 47, 58, 109-111]. Results of different versions
of the sit-to-stand test were expressed as maximum repeti-
tions executed in 60 s [58] and 30 s [111], and time spent
on S-reps [43, 45, 47, 109, 110] or 10-reps [43] in healthy
adults and adults with low back pain [47]. The 5-reps sit-
to-stand test showed moderate to high test-retest reli-
ability based on coefficients of correlations in three studies
(ICCs=0.83-0.94 [45, 110], r=0.80 [43]) in healthy adults
aged 18-64 years. Overall, the SEMs observed in these stud-
ies were low (all<15% [45, 47, 110]). However, one study
showed a low test—retest reliability of the 5-reps sit-to-stand
test in healthy adults aged 50-64 years (ICC=0.72 [109])
and another one in adults with low back pain ICC=0.45
[47]) aged 21-63 years.

The reliability of the timed stair ascent (12 steps) test
was analyzed in three high-quality studies [45, 89, 112]. In
one study conducted in adults aged 18—43 years, the timed
stair ascent test revealed high reliability (ICC=0.90) [45].
In another study in adults of mean age 38.7 years, the timed
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stair ascent test provided low and high reliability in unloaded
and loaded versions, respectively (ICC=0.79 and 0.94).
Moreover, mean test-retest differences were 0.17 s and
limits of agreement were between — 0.68 and 1.04 s in the
unloaded version [0.21 s (— 0.25 and 0.66 s, for the loaded
version)], indicating excellent agreement between tests
[112]. A modified version test (1820 steps) yielded high
reliability in adults with back/neck pain aged 30-58 years
and healthy adults aged 27-59 years, with no significant dif-
ferences between test sessions (p > 0.05), a mean test-retest
difference of 0.30 s, and limits of agreement of — 3.44 to
4.04 s [89]. Other lower body endurance strength field tests
used in reliability studies were: single-leg squat (timed iso-
metric wall squat (hip/knee 90°) [87], dynamic squat knee
flex 90° [105] or 60° [93]) and step-up [95].

Levels of Evidence: There was strong evidence indicating
that the 5-reps sit-to-stand test produces results with moder-
ate to high test-retest reliability in adults aged 19—64 years.
There was moderate evidence indicating that the timed stair
ascent test offers high reliability in adults aged 18-58 years.
However, comparisons between different testing protocols
should be interpreted with caution. Due to the low number
of studies, there was limited evidence indicating that: (i) the
30-s sit-to-stand test provides results with high reliability in
healthy adults aged 18-55 years and the 60-s sit-to-stand
test shows moderate reliability in adults with low back pain
aged 55-64 years; (ii) the modified step-up test (20 kg load)
produces high test-retest and inter-rater reliability in adults
aged 1946 years; and (iii) the single-leg squat test in iso-
metric (i.e., timed wall squat hip/knee flex 90°) and dynamic
positions (squat knee flex 90° or 60°) generates results with
moderate reliability in adults aged 19-59 years. However,
the timed isometric wall single-leg squat could be the safest
test (see Table 2).

4.2.2.3 Upper Body Endurance Strength Upper body
endurance strength has been traditionally assessed with
push-up, pull-up, and bent-arm hang tests. The reliability
of the push-up test was analyzed in four high-quality studies
[87, 105, 113, 114]. The push-up test demonstrated moder-
ate to high test—retest reliability in two studies in adults aged
18—45 years (ICCs >0.87 [87, 114]) and low test—retest reli-
ability in one study in young adults of mean age 21.2 years
(ICCs=0.25-0.52, Kappa=0.14-0.52 [113]). A modified
version of the push-up test provided results with moderate
inter-rater reliability (ICC=0.88) and low test-retest reli-
ability (a mean test-retest difference of 3 repetitions with
a CI between 2.1 and 3.9 repetitions and SEM of 22%) in
adults aged 25-59 years [105].

The reliability of the pull-up test and its modified ver-
sion (i.e., in horizontal position) was analyzed in two high-
quality studies showing a high test-retest reliability based
on ICCs ranging from 0.94 to 0.98 and the low dispersion of

measurement errors between test-retest based on low SEMs
(< 15%) [95, 114] in adults aged 19-45 years. The reliability
of the modified version of the bent-arm hang test (i.e., timed
until 90° of elbow extension) was investigated in two high-
quality studies. In adults aged 19-36 years, the bent-arm
hang test provided results with moderate to high test—retest
reliability (ICCs=0.89-0.99 [31, 115]; SEM=8.5% [31]).
Finally, the reliability of the lift and lower task test (as a
measure of upper body function, consisting of lifting a
weighted basket) was investigated in two high-quality stud-
ies [58, 112]. One of them showed low reliability based on
an ICC of 0.66 in adults aged 5565 years [58], and the other
generated results with a high reliability based on an ICC of
0.93 in men of an average age of 37.8 years [112].

Levels of Evidence: There was moderate evidence indicat-
ing that: (i) the pull-up test and its modified version show
high reliability in adults aged 18—45 years; and (ii) the bent-
arm hang test and its modified version produce results with
moderate and high reliability in adults aged 19-45 years.
However, we need to be cautious when comparing the reli-
ability of an original test with that of its modified versions.
Finally, there was inconclusive evidence about the reliability
of the push-up test and its modified versions and the lift
and reach task test (see Table 2). The pull-up test and the
bent-arm hang test are highly influenced by body weight.
An alternative test to assess upper body endurance strength
in individuals with overweight or even a low physical fit-
ness level could be the push-up test or the modified pull-up
test (i.e., horizontal). In addition, the bent-knee push-up test
could be used instead of the full-body push-up test for adults
with a low physical fitness level.

4.2.3 Explosive Strength

4.2.3.1 Lower and Upper Body Explosive Strength Lower
body explosive strength has been traditionally assessed
with jump tests. The reliability of the standing broad jump
test was assessed in two high-quality studies [31, 87]. The
standing broad jump test demonstrated moderate to high
test—retest reliability, with ICCs of 0.89 to 0.98 and low dis-
persion of test—retest measurement errors (SEMs < 15%) in
adults aged 1845 years [31, 87]. The reliability of the hop
sequence test (i.e., single leg hop for distance, 6-m timed
hop, triple hop for distance, and crossover hop for distance)
was analyzed in two high-quality studies in young adults
aged 18-24 years [116, 117]. Based on coefficients of cor-
relation, this test showed moderate to high test-retest reli-
ability (ICCs=0.80-0.95). SEM values based on test—retest
data were reported as 4.5-7.9 cm for the single leg hop,
0.06-0.13 s for the timed hop, 11.2-23.2 cm for the triple
hop, and 15.9-21.2 cm for the crossover hop [116, 117].
Learning effects were observed for all hops (SEMs between
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trials 1-5 were < 15% vs.<2.3% between trials 4-5 [117]).
Other field-based fitness tests to assess low body explosive
strength used in reliability studies were: countermovement
vertical jump [118], jump and reach [105], figure-eight
hop, up-and-down hop, and t side-to-side hop [119]. Field-
based fitness tests to assess trunk and upper body explosive
strength used in reliability studies were: modified versions
of the medicine ball put [120] and front/side abdominal
power [121].

Levels of Evidence: There was moderate evidence indi-
cating that the standing broad jump and the hop sequence
tests produce results with moderate to high test-retest reli-
ability in adults aged 18—45 years. Due to the low number
of studies, there was limited evidence indicating that: (i)
the countermovement vertical jump test provides results
with moderate to high reliability in young adults; (ii) the
jump and reach test offers high reliability in adults aged
25-59 years; (iii) the figure-eight hop and up-and-down hop
tests produce results with high reliability and the side-to-side
hop test shows moderate reliability in young adults; (iv) the
modified version of the medicine ball put test (i.e., utilizing
a 45° incline bench to facilitate the optimal trajectory of the
shot-put ball) returns results with high test-retest reliability
in young adults; and (v) the front/side abdominal power test
demonstrates high test-retest reliability in young adults (see
Table 2).

4.2.4 Flexibility

Sit-and-reach and toe-touch tests are widely used to assess
hamstring and lower back flexibility. The reliability of the
sit-and-reach test and its modified versions was investigated
in 13 high-quality studies [31, 93, 122—132]. Several proto-
cols of the sit-and-reach test are described in the scientific
literature. Ten studies analyzed the reliability of the sit-
and-reach test, one the modified sit-and-reach test, four the
back-saver sit-and-reach test, three the modified back-saver
sit-and-reach test, three the V sit-and-reach test, and one the
chair sit-and-reach test. All sit-and-reach tests have the same
testing procedure involving maximal trunk flexion, but with
differences with respect to position (unilateral or bilateral)
and equipment (standard sit-and-reach box, chair, bench or
floor). Nine studies in adults aged 18-64 years concluded
that the sit-and-reach test provided high test-rest reliability
based on coefficients of correlation (ICCs=0.91-0.99 [31,
93, 122, 123, 126, 128-130, 132], rs=0.95-0.98 [124, 125])
and one study found moderate reliability ICC=0.83 [127]).
In four of these studies, the sit-and-reach test showed the
low dispersion of measurement errors between test—retest
(SEMs< 11% [31,93, 122, 128]). Test—retest measurements
in the V sit-and-reach test [126, 129, 130], the back-saver sit-
and-reach test [126, 129—-131] and the modified back-saver

sit-and-reach test [129, 130, 132] demonstrated moderate
to high test-retest agreement (ICCs >0.80) in adults aged
18-64 years. Finally, the chair sit-and-reach test showed
moderate to high test—retest reliability based on ICCs of
0.89-0.97 [132] in adults aged 18-48 years. The reliabil-
ity of the roe-fouch test was examined in ten studies (eight
of high quality [94, 128, 130, 132-136]) in adults aged
18—-64 years. The toe-touch showed high reliability based
on coefficients of correlation (ICCs=0.93-0.99 [130, 133,
135], rs=0.88-0.97 [94, 134]) in five of these studies and
moderate reliability in two (ICCs >0.89 [132, 137]). The
SEM was calculated in three of these studies, revealing the
low dispersion of measurement errors between test—retest in
two (SEMs < 15% [128, 135]).

The reliability of the trunk lift test used to measure
trunk flexibility and endurance strength was analyzed in
two high-quality studies in adults aged 18-28 years [124,
138]. The trunk lift test demonstrated high test-retest reli-
ability (ICC=0.96, SEM < 15% [138], r=0.96 [124]) in
young adults. Finally, the reliability of the side-bending of
the trunk test used to assess lateral trunk flexibility was
investigated in two studies in adults aged 25-59 years [94,
105]. One study found high coefficients of correlation in
test-retest and inter-rater reliability (rs =0.82-0.88), but
significant differences between test-retest (p <0.001) [94].
In the other study, the side-bending of the trunk test dem-
onstrated high inter-rater (ICC=0.92) and test-retest reli-
ability (mean test—retest difference of — 0.5 cm and CI of
— 1.3-0.3 cm and a CV of 4.7%) [105]. In both studies the
side-bending of the trunk test showed the low dispersion
of measurement errors between test-retest (SEMs < 5%
[94, 105]). Other musculoskeletal field-based fitness tests
to assess trunk or upper body flexibility used in reliability
studies were: hand-behind-back [139] and shoulder—neck
mobility [105].

Levels of Evidence: Overall, there was strong evidence
indicating that the sit-and-reach test and its modified ver-
sions and the toe-touch test offer high test-retest reliability
in adults aged 18—64 years. There was moderate evidence
indicating that the trunk lift test produces results with high
reliability in adults aged 18-28 years. Due to the low num-
ber of studies, there was limited evidence that: (i) the hand-
behind-back test shows high reliability; and (ii) the shoul-
der—neck mobility test provides results with low agreement.
Finally, there was inconclusive evidence regarding the level
of reliability of the side-bending test (see Table 2).

4.3 Motor Fitness
Motor fitness refers to any component of physical fitness

that enables a person to successfully perform a particular
motor task, game, or activity [140]. Specific motor fitness
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components include agility, balance, coordination, power,
reaction time, and speed [29]. The reliability of tests assess-
ing motor fitness was investigated in 22 studies (all classified
as high quality).

4.3.1 Balance

The reliability of static and dynamic balance tests was
analyzed in nine studies [31, 43, 58, 105, 109, 141-144].
Among the static balance tests, reliability studies analyzed
the single-leg stand test using different protocols (i.e., eyes
open, closed or with the head turned on the floor or on a
bar) and also with the variations feet together, semi-tandem,
and tandem stand [31, 43, 58, 105, 109, 141]. The single-
leg stand test (eyes open) demonstrated low test—retest reli-
ability in three studies (ICCs=0.60-0.73; SEMs=10-18%
[31, 109], r=0.69 [43]) in adults aged 19-64 years. A
fourth study analyzed the single-leg stand test with eyes
open, closed, or head turned in adults aged 25-59 years,
and obtained results with low inter-rater reliability in all
tests (ICCs=0.18-0.76 and SEMs =7-38%) and high vari-
ability between test—retest for standing on one leg with eyes
open (mean differences between testing days of 3.7 s with
a confidence interval of — 2.2 to 9.6 s), eyes closed (mean
differences of 0.6 s, from — 1.6 to 2.8 s) and head turned
(mean differences of 2.6 s, from — 0.7 to 5.9 s), and low
CVs ranging from 11 to 5% [105]. However, the single-leg
stand test (on a narrow bar) showed high reliability based
on ICCs >0.90 and SEMs <5.5% in adults aged 36-64 years
[141]. The tests semi-tandem stand with eyes open and tan-
dem stand with eyes open and closed demonstrated low
test—retest reliability according to ICCs of 0.27-0.58, but
the dispersion of test-retest measurement errors was low
based on SEMs <8.5% in adults aged 50-64 years [109].
The Romberg test (eyes open) showed high reliability based
on a percent agreement for the parallel stance of 94.7% and
low reliability for the semi-tandem and tandem positions
(<75%) in adults aged 55-70 years [58].

The reliability of the star excursion balance test was ana-
lyzed in three studies in adults aged 18-50 years [142, 143,
145]. Overall, this test demonstrated a moderate test—retest
reliability for the dominant leg (ICCs>0.80) and low
test—retest reliability for the non-dominant leg (ICCs <0.75).
In two of these studies, this test showed the low dispersion of
measurement errors between test—retest (SEMs <5% [142,
145]). Other dynamic balance field-based fitness tests used
in reliability studies were: functional balance (i.e., walk
forwards and backwards across a wooden plank) [144] and
tandem walking (forwards and backwards) [141].

Levels of Evidence: There was strong evidence indicat-
ing that the single-leg stand test and its modified versions
show low reliability in adults aged 19-64 years. There was

limited evidence, mainly due to a limited number of studies,
indicating that the tandem walking and functional balance
tests provide results showing moderate to high agreement
in adults aged 33—64 years. Finally, there was inconclusive
evidence regarding the level of reliability of the parallel,
semi-tandem and tandem stand tests and star excursion bal-
ance test (see Table 2).

4.3.2 Gait Speed-Agility

The timed up-and-go test is a multidimensional test that
measures mobility skills (agility), combining gait speed, bal-
ance, and functional capacity [146]. The reliability of this
test was investigated in two high-quality studies. The timed
up-and-go test (3 m) returned high test—retest reliability
based on coefficients of correlation (ICCs=0.90-0.98) and
the low dispersion of measurement errors between test—retest
(SEMs <6%) in healthy adults and adults with low back pain
aged 21-64 years [47, 147]. The T-test is a measure of four-
directional agility and body control that assesses the ability
to change direction quickly and maintain balance without
reducing speed. Its reliability was analyzed in three studies
in adults aged 18-39 years. The T-test [117, 148] and its
modified version [149] (i.e., reducing the total distance cov-
ered) provided results with moderate to high reliability with
ICCs ranging between 0.82 and 0.98 and a low dispersion of
measurement errors between test—retest (SEMs <3%) [117,
148, 149]. In addition, the modified 7-test demonstrated no
systematic differences between test sessions (p>0.05), a
mean test—retest difference of 0.03 s, a limit of agreement
of +0.33 s for females and +0.37 s for males, and low CVs
(£2.7%) [149]. The reliability of the hexagon agility test, a
measure of agility and foot quickness involving balance and
coordination, was analyzed in two studies in adults aged
19-30 years [119, 150]. The hexagon agility test and its
modified version (i.e., hopping single-legged instead of dou-
ble-legged) showed moderate to high test-retest reliability
(ICCs=0.84-0.94) and the low dispersion of measurement
errors between test—retest (SEMs <0.7 s [119] ranging from
1 to 9.4% between sessions [150]). Thus, a practice trial is
recommended prior to recording scores to minimize any pos-
sible learning effect. The reliability of the gait speed test was
investigated in five studies. The gait speed test (4 m/3 m)
demonstrated low reliability in two studies in adults aged
35-64 years ICC=0.56; SEM=2% [109], r=0.57 [43]).
However, in one study in healthy adults and adults with low
back pain aged 21-63 years, the gait speed test [15.2 m (50
ft) fast walk or preferred speed walk] showed high reliabil-
ity (ICCs=0.91-0.99; SEMs <4.6% [47]). In another study
also in healthy adults and those with low/high back pain
aged 27-59 years, the gait speed test (2 X 20-m walk, with
and without load) showed no significant mean test—retest
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differences (p > 0.05) [89]. Finally, in one study in adults of
mean age 39 years, the gait speed test (50 m fast walk with
and without load) returned results showing a high reliability
based on ICCs of 0.98-0.99 [112]. Other gait speed and agil-
ity field-based fitness tests used in reliability studies were:
4-square step [45], 10 x5 shuttle run [31], pro-agility [87],
agility track [151], zig-zag run [119], Illinois agility, Edgren
side step [148], and plate tapping [31].

Levels of Evidence: There was strong evidence indicating
that the 7-test shows moderate to high test—retest and inter-
rater reliability in adults aged 18-39 years. There was mod-
erate evidence indicating that: (i) the timed up-and-go test
demonstrates high reproducibility in adults aged 19-64 years
with or without low back pain; and (ii) the hexagon agility
test and its modified version show moderate to high reli-
ability in adults aged 19—64 years. A large number of other
motor fitness tests provided limited evidence, mainly due to
a low number of studies: (i) the 10X 5 shuttle run and zig-
zag tests provide results with moderate and high reliability,
respectively, in young adults; (ii) the agility track and pro-
agility tests show high test-retest reliability in adults aged
28-55 years; (iii) the 4-square step test returned results with
moderate test—retest reliability in adults aged 19-43 years;

(iv) the Edgren side step and Illinois agility tests show low
test—retest reliability but high inter-rater reliability in adults
aged 19-39 years; and (v) the plate tapping test provides
results with low reliable values in young adults of mean
age 19.5 years. Finally, there was inconclusive evidence
regarding the level of reliability of the gait speed tests. The
fact that different versions of the gait speed test were used
involving sample groups with different characteristics makes
it difficult to compare their reliability data (see Table 2).

5 Conclusions

To our knowledge, this is the first systematic review to
examine and compare reliability data from studies analyz-
ing field-based fitness tests including tests of cardiorespi-
ratory fitness, musculoskeletal fitness and motor fitness in
adults aged 19-64 years. Based on quality assessment and
established levels of evidence for each study, our findings
indicate: (i) a strong level of evidence exists for the high reli-
ability (see Fig. 2) of the cardiorespiratory fitness tests: 20-m
shuttle run, 6-min step and 6-min walk. The 20-m shuttle run
is a maximal test that offers high reliability in young people,
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while the 6-min step and the 6-min walk tests emerged as
possible alternative submaximal tests to assess cardiorespi-
ratory fitness in adults who are not very physically fit and/
or find it difficult to run (e.g., obese individuals); (ii) among
the musculoskeletal fitness tests, the handgrip strength test
using a JAMAR dynamometer offers high test-retest reli-
ability yet this dynamometer does not allow for adapting grip
span to the individual’s hand size with the same precision as
the TKK dynamometer; (iii) the back-leg strength, Sorensen
and its modified versions, trunk flexion sustained, back-leg
strength and 5-reps sit-to-stand tests show high reliability;
(iv) the bilateral side and prone bridge tests provide results
with moderate reliability; (v) the sit-and-reach test and its
modified versions, and the toe-touch test show high reli-
ability; and finally, among the motor fitness tests (vi) the
single-leg stand test and its modified versions demonstrate
low reliability; and (vii) the T-test and its modified version
provide results demonstrating moderate reliability. There is
inconclusive evidence regarding the reliability of balance
and gait speed tests. Due to the low number of studies, evi-
dence for the reliability of a large number of other field-
based fitness tests was limited.
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