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Abstract

Objective: This systematic review aimed at analysing the reliability and validity of field-based
tests for assessing physical fitness in gymnasts.
Method: Three electronic databases (PubMed, SPORTDiscus, and Scopus) were searched up to
March 2022, in order to identify studies that assessed the psychometric properties of field-based
physical fitness test among gymnastics.
Results: A total of 16 studies on several gymnastics modalities (artistics n = 11; rhythmic n = 3,
artistics and rhythmic n = 1; aerobic n = 1), were analyzed. All studies reported on reliability
measured through test-retest design. Validity was reported in only four studies. Regarding spe-
cific tests, the split test (ICC = 0.998), and the handstand (ICC= 1) showed the highest test-retest
reliability. The greater validity values were achieved by the split test (r2 = 0.52), hanging pikes
test (r2 = 0.86), and handstand test (r2 = 0.65).
Conclusion: A great variety of both specific and non-specific physical fitness tests have been ana-
lyzed in the field of gymnastics. The side split test, the handstand test, the vertical jump test,
the 20-m run test, the agility test, and the aerobic gymnast anaerobic test could be useful tools
to assess flexibility, strength, balance, muscular power, speed, agility, and cardiorespiratory fit-
ness in gymnasts. Further investigations analyzing absolute reliability and criterion validity are
needed.
© 2022 FUTBOL CLUB BARCELONA and CONSELL CATALÀ DE L'ESPORT. Published by Elsevier
España, S.L.U. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

It is estimated that worldwide about 50 million people of all
ages regularly perform gymnastics in a club setting.1 The
International Gymnastics Federation (FIG, http://www.fig.
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gymnastics.com) recognized a total of eight disciplines,
being three of them (artistic, rhythmic and trampoline)
Olympic.1

Physical fitness (PF), is strongly involved in gymnastics,
since its practice requires a combination of speed, strength,
endurance, agility, flexibility, balance and power.2 The impor-
tance of assessing PF in gymnastics relies on the fact that it
not only helps coaches and trainers to monitor the develop-
ment of their athletes, but also to promote healthy, injury-
free participation, as well as talent identification.2�4 Conse-
quently, coaches and trainers need meaningful, reliable, and
sensitive outcome gymnastics-specific fitness tests.

Laboratory test represents the gold standard for assessing
PF, however these tests are expensive and require highly
trained experimenters, which compromise their feasibility
and applicability in the gymnastics context. Considering
these circumstances, the use of field-based PF tests is rec-
ommended, since they are easy to administer, involve mini-
mal equipment, minimal cost, and a larger number of
participants can be evaluated in a relatively short period of
time.5 However, the quality and weighting of the informa-
tion obtained from field-based tests is conditioned by the
quality of psychometric properties, especially reliability
(consistency or repeatability of measurements) and validity
(the capacity of the test to reflect what is has been designed
to measure), which should be informed in advance.6

Information regarding the accuracy of field-based tests
for assessing athletes’ PF, is usually provided by systematic
reviews that summarize and critically analyze their psycho-
metric properties. This has been the case of different sports
modalities such as soccer,7 basketball.8

Coaches and trainers can identify which are the more
accurate field-based PF tests that should be administered to
their athletes, through systematic reviews that have sum-
marized and critically analyzed their psychometric proper-
ties. However, these reviews are usually focused on the
most famous and practiced sports, such as soccer,7 or bas-
ketball,8 while to the very best of the authors’ knowledge,
scant research of this kind has been carried out in lesser pop-
ular sport modalities, such as gymnastics. In the light of all
this, the objective of this study is to carry out a comprehen-
sive review of the scientific evidence about the reliability
and validity of field-based tests for assessing PF in gymnasts.

Methods

A systematic review about the reliability and/or validity of
field-based tests was used to assess the fitness level in gym-
nasts was carried out. This systematic review was conducted
following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.9

Search strategy

Three electronic databases (PubMed, SPORTDiscus, and Sco-
pus) were searched from inception to March 202. The litera-
ture search was conducted by one researcher. The following
keywords, Boolean operators, and combinations were used:
[“Gymnastics” OR “Rhythm gymnastics” OR “Artistics gym-
nastics”] AND [“Physical fitness” OR “Physical performance”
OR “Strength” OR “Muscular strength” OR “Endurance” OR

“Aerobic endurance” OR “Flexibility” OR “Anaerobic” OR
“Aerobic endurance”] AND [“Evaluation” OR “Measure-
ment”]. To be included in the review, studies were required
to meet the following criteria: (i) provided information
about the reliability and/or validity of at least one field-
based PF test in gymnastics, (ii) published in English, Spanish
or Portuguese and (iii) in a peer-reviewed journal. Investiga-
tions that reported date on the psychometric properties of
field-based PF test without describing the methodological
approach used for identifying reliability or validity, were
exclude.

Study selection

One author screened the titles and abstracts identified dur-
ing the search. When the information provided suggested
that the study met the selection criteria, a full-text copy
was examined. Doubts about inclusion were discussed with a
third author until a consensus was reached.

Data extraction

All included studies were reviewed by one author. Informa-
tion on participants’ characteristics (n, age and gymnastics
specialty), gymnastics fitness test/s performed, and values
related to their reliability and/or validity (the method to
identify them and the type of statistical analysis and its
coefficients) was extracted. Two expert authors identified
specific and non-specific tests. Discrepancies were resolved
by a second author. The bibliography in all selected studies
was analyzed in search of new evidence.

Results

A total of 677 studies were found after different search
strategies. Authors obtained 56 studies after removal dupli-
cate results and those not related to the main aim. After
reading full texts, a total of 16 studies about the psychomet-
ric properties of field-based physical fitness tests in gym-
nasts were selected for the further analysis (Table 1).

Design and samples

Regarding specialty, artistic specialty was reported in eleven
studies.2,4,10�18 On the other hand, three investigations
reported rhythmic specialty.19�21 Only one study indicated
aerobic specialty.22 Another record included rhythmic and
artistic specialties.23

All studies reported on reliability measured through
test-retest design. Validity was reported in only four
studies.2,15,18,22

Relative reliability

A total of 15 investigations indicated test-retest
reliability,2,4,10�14,16�23 while only two studies added inter-
rater reliability.15,19

A total of 12 studies reported on relative reliability for
different physical fitness-related subtests.2,4,11�15,17�20,23

Four studies reported on reliability data for one physical fit-
ness test: flexibility,10,16 cardiorespiratory fitness,22 and
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Table 1 Studies included in the final selection.

First Author, Year Sample (n, age,
specialty)

Test (Specific/
Non-specific)

PF Component Reliability (time interval) and validity

Batista, 2019 n = 157
Age = 13.87 § 1.97
Specialty: Rhythmic

Leg up with help of the
hand (Specific)

Flexibility

Intra-examiner reliability (10 days):
Kendall Coefficient of Concordance = 0.83
� 0.97
Inter-examiner reliability:

ICC = 0.84 � 0.97
Validity: NR

Leg up without help of the
hand (Specific)

Flexibility

Rotation of the upper
limbs (Specific)

Flexibility

Trunk lift (Specific) Flexibility

Forward stand-and-reach
(Non-specific)

Flexibility

Dallas, 2014 n = 18
Age = 21.83 § 1.76
Specialty: Artistic

Sit and reach

(Non-specific)

Flexibility

Test-retest reliability (at least five days):
ICC = 0.992
Validity: NR

SJ (Non-specific) Muscular power

Test-retest reliability (at least five days):
ICC = 0.996
Validity: NR

CMJ (Non-specific) Muscular power

Test-retest reliability (at least five days):
ICC = 0.995
Validity: NR

Dallas, 2014 n = 34
Age = 9.22 § 1.34
Specialty: Artistic

Sit and reach (Non-
specific)

Flexibility Test-retest reliability (same day):
ICC = 0.994
Validity: NR

Kaldas, 2017 n = 90
Age = 8 - 18
Specialty: Artistic

The rope climb test
(Non-specific)

Strength Inter-rater reliability:

ICC = 0.92
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.82

The jump test
(Non-specific)

Muscular power Inter-rater reliability:

ICC = 0.98
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.88

The hanging pikes test
(Specific)

Strength Inter-rater reliability:
ICC = 0.94
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.86

The shoulder flexibility
test
(Non-specific)

Flexibility Inter-rater reliability:

ICC = 0.99
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.01

The agility test
(Non-specific)

Agility Inter-rater reliability:

ICC = 0.95
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.96

The over-grip pull-up test
(Non-specific)

Strength Inter-rater reliability:

ICC = 0.98
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.80

The splits test
(Specific)

Flexibility Inter-rater reliability:

ICC = 0.97
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.52

The push-up test
(Non-specific)

Strength Inter-rater reliability:

ICC = 0.91
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.91
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Table 1 (Continued)

First Author, Year Sample (n, age,
specialty)

Test (Specific/
Non-specific)

PF Component Reliability (time interval) and validity

The 20-yard sprint test
(Non-specific)

Speed Inter-rater reliability:

ICC = 0.68
Construct validity (Test score vs.
Competitive level):
r2 = 0.92

The handstand test
(Specific)

Strength and
balance

Inter-rater reliability:

ICC = 1.00
Construct validity (Test score vs.
Competitive level):
r2 = 0.65

Kritikou, 2017 n = 46
Age = 9.9 § 1.3
Specialty: Rhythmic

Rhythmic gymnastics spe-
cific test
(Specific)

Balance Test-retest reliability (same day):
ICC = 0.85
Validity: NR

Shoulder flexion test
(Non-specific)

Mobility Test-retest reliability (same day):
ICC = 0.94
Validity: NR

Shoulder extension test
(Non-specific)

Mobility Test-retest reliability (same day):
ICC = 0.97
Validity: NR

Sit and reach test
(Non-specific)

Flexibility Test-retest reliability (same day):
ICC = 0.92
Validity: NR

Straight leg raise
(Non-specific)

Flexibility Test-retest reliability (same day):
ICC = 0.91
Validity: NR

Sideways leg extension
(Non-specific)

Flexibility Test-retest reliability (same day):
ICC = 0.96
Validity: NR

Bridge test � Body hyper-
xtension test
(Specific)

Mobility Test-retest reliability (same day):
ICC = 0.89
Validity: NR

Push-up test
(Non-specific)

Strength Test-retest reliability (same day):
ICC = 0.91
Validity: NR

Sit-up test
(Non-specific)

Strength Test-retest reliability (same day):
ICC = 0.91
Validity: NR

Back extension test
(Non-specific)

Strength Test-retest reliability (same day):
ICC = 0.91
Validity: NR

CMJ
(Non-specific)

Muscular power Test-retest reliability (same day):
ICC = 0.96
Validity: NR

DJ (30 cm)
(Non-specific)

Muscular power Test-retest reliability (same day):
ICC = 0.95
Validity: NR

20-m shuttle run test
(Non-specific)

Cardiorespiratory
fitness

Test-retest reliability (same day):
ICC = 0.91
Validity: NR

Le�on-Prados, 2011 n = 11
Age = 21.5 § 3.5
Specialty: Artistic

Rope climb test (5 m)
(Non-specific)

Strength Test-retest reliability (one day):
ICC = 0.91
Validity: NR

Repetitions to failure.
Straddle handstand on par-
allel bars (Specific)

Strength Test-retest reliability (NR):
ICC = 0.99
Validity: NR

Marina, 2013 n = 50
Age = 8.84 § 0.62
Specialty: Artistic

SJ
(Non-specific)

Muscular power Test-retest reliability (one week):
ICC = 0.93
Validity: NR

CMJ
(Non-specific)

Muscular power Test-retest reliability (one week):
ICC = 0.95
Validity: NR

CMJA
(Non-specific)

Muscular power Test-retest reliability (one week):
ICC = 0.96
Validity: NR

DJ (from 40 and 60 cm drop
height)
(Non-specific)

Muscular power Test-retest reliability (one week) (DJ40):
ICC = 0.94
Validity: NR
Test-retest reliability (one week) (DJ60):
ICC = 0.95
Validity: NR

4

J. Salse-Bat�an, S. Varela, A. García-Fresneda et al.



Table 1 (Continued)

First Author, Year Sample (n, age,
specialty)

Test (Specific/
Non-specific)

PF Component Reliability (time interval) and validity

Mkaouer, 2018 n = 51
Age = 11.03 § 0.95
Specialty: Artistic

20 m run
(Non-specific)

Speed Test-retest reliability (same day):
ICC = 0.996
Validity: NR

4 m rope climb
(Non-specific)

Strength Test-retest reliability (same day):
ICC = 0.999
Validity: NR

Vertical jump test
(Non-specific)

Muscular power Test-retest reliability (same day):
ICC = 0.999
Validity: NR

Broad jump
(Non-specific)

Muscular power Test-retest reliability (same day):
ICC = 0.995
Validity: NR

Flexion legs upon upper
body
(Specific)

Strength Test-retest reliability (same day):
ICC = 0.994
Validity: NR

Extension legs upon upper
body
(Specific)

Strength Test-retest reliability (same day):
ICC = 0.975
Validity: NR

Pull up
(Specific)

Strength Test-retest reliability (same day):
ICC = 0.999
Validity: NR

Dips
(Specific)

Strength Test-retest reliability (same day):
ICC = 0.993
Validity: NR

Straddle lift to handstand
(Specific)

Strength Test-retest reliability (same day):
ICC = 0.992
Validity: NR

Double legs circle
(Specific)

Strength Test-retest reliability (same day):
ICC = 0.99
Validity: NR

V lever
(Specific)

Strength Test-retest reliability (same day):
ICC = 0.999
Validity: NR

Tucked top planchet
(Specific)

Strength Test-retest reliability (same day):
ICC = 0.999
Validity: NR

Back hang scale
(Specific)

Strength Test-retest reliability (same day):
ICC = 0.999
Validity: NR

Side split sit
(Specific)

Flexibility Test-retest reliability (same day):
ICC = 0.998
Validity: NR

Right split sit
(Specific)

Flexibility Test-retest reliability (same day):
ICC = 0.992
Validity: NR

Left split sit
(Specific)

Flexibility Test-retest reliability (same day):
ICC = 0.985
Validity: NR

Bridge
(Specific)

Flexibility Test-retest reliability (same day):
ICC = 0.985
Validity: NR

Body bent
(Non-specific)

Flexibility Test-retest reliability (same day):
ICC = 0.989
Validity: NR

Leg lift forwards
(Specific)

Flexibility Test-retest reliability (same day):
ICC = 0.968
Validity: NR

Active shoulder flexibility
(Non-specific)

Flexibility Test-retest reliability (same day):
ICC = 0.996
Validity: NR

Robles, 2015 n = 10 (Reliability)
n = 8 (Validity)
Age = 17.7 § 2.4 (Reli-
ability); 18.2 § 2.4
(Validity)
Specialty: Aerobic

Specific anaerobic field
test
(Specific)

Anaerobic
performance

Test-retest reliability (three days):
ICC = 0.97
Concurrent validity:

Lower-body power � SAGAT time trial:
r = 0.69 � 0.73; p = 0.02 � 0.03
Upper-body power � SAGAT time trial:
r = 0.69 � 0.70; p = 0.03

Russo, 2020 n = 45
Age = 10 � 12
Specialty: Both

Sit and reach test
(Non-specific)

Flexibility Test-retest reliability (one week):
ICC > 0.870
Validity: NR
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Table 1 (Continued)

First Author, Year Sample (n, age,
specialty)

Test (Specific/
Non-specific)

PF Component Reliability (time interval) and validity

Abduction test of the hips
(Non-specific)

Mobility

Wand test
(Non-specific)

Mobility

Flamingo test
(Non-specific)

Balance

Standstill long jump
(Non-specific)

Strength

10 m test
(Non-specific)

Speed

Cooper’s test
(Non-specific)

Cardiorespiratory
fitness

Sands, 2008 n = 10
Age = 10.7 § 0.99
Specialty: Artistic

Forward split test
(Specific)

Flexibility Test-retest reliability (same day):
Cronbach’s alpha = 0.93 � 0.99
Validity: NR

Santana, 2019 n = 51
Age = 13.76 § 1.53
Specialty: Rhythmic

Throwing the ball and
reversing forward
(Specific)

Coordination Test-retest reliability (one week):
Pearson’s correlation coefficient = 0.799
Validity: NR

Siatras, 2010 n = 32
Age = 9.9 § 1.1
Specialty: Artistic

Shoulder flexors test (0° -
180°)
(Non-specific)

Strength Intra-rater reliability (one to seven days):
ICC = 0.70 � 0.88
Validity: NR

Shoulder extensors test (0°
- 180°)
(Non-specific)

Strength Intra-rater reliability (one to seven days):
ICC = 0.73 � 0.88
Validity: NR

Hip flexors test (-30° - 60°)
(Non-specific)

Strength Intra-rater reliability (one to seven days):
ICC = 0.83 � 0.88
Validity: NR

Hip extensors test (-90°)
(Non-specific)

Strength Intra-rater reliability (one to seven days):
ICC = 0.85 � 0.88
Validity: NR

Sleeper, 2012 n = 50 (Reliability)
n = 105 (Validity)
Age = 6 - 18
Specialty: Artistic

The rope climb test
(Non-specific)

Strength Test-retest reliability (one week):
ICC = 0.80
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.27

The jump test
(Non-specific)

Muscular power Test-retest reliability (one week):
ICC = 0.83
Construct validity (Test score vs. Compet-
itive level)
r2 = 0.42

The hanging pikes test
(Specific)

Strength Test-retest reliability (one week):
ICC = 0.88
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.27

The shoulder flexibility
test
(Non-specific)

Flexibility Test-retest reliability (one week):
ICC = 0.92
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.05

The agility test
(Non-specific)

Agility Test-retest reliability (one week):
ICC = 0.86
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.47

The over-grip pull-up test
(Specific)

Strength Test-retest reliability (one week):
ICC = 0.89
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.20

The splits test
(Specific)

Flexibility Test-retest reliability (one week):
ICC = 0.91
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.09

The push-up test
(Non-specific)

Strength Test-retest reliability (one week):
ICC = 0.84
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.25
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Table 1 (Continued)

First Author, Year Sample (n, age,
specialty)

Test (Specific/
Non-specific)

PF Component Reliability (time interval) and validity

The 20-yard sprint test
(Non-specific)

Speed Test-retest reliability (one week):
ICC = 0.85
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.47

The handstand test
(Specific)

Strength and
balance

Test-retest reliability (one week):
ICC = 0.92
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.38

Sleeper, 2016 n = 30 (Reliability)
n = 83 (Validity)
Age = 11.1 § 2.9
Specialty: Artistic

Splits test
(Specific)

Flexibility Test-retest reliability (one week):
ICC = 0.97
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.004

Shoulder flexibility test
(Non-specific)

Flexibility Test-retest reliability (one week):
ICC = 0.90
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.01

Hanging pikes test
(Specific)

Strength Test-retest reliability (one week):
ICC = 0.83
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.29

Overgrip pull-ups test
(Specific)

Strength Test-retest reliability (one week):
ICC = 0.89
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.51

Handstand push-up test
(Specific)

Strength and
balance

Test-retest reliability (one week):
ICC = 0.96
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.24

Rings hold test
(Specific)

Strength Test-retest reliability (one week):
ICC = 0.75
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.36

Agility test
(Non-specific)

Agility Test-retest reliability (one week):
ICC = 0.95
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.55

Vertical jump test
(Non-specific)

Muscular power Test-retest reliability (one week):
ICC = 0.91
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.64

Star excursion balance test
(Non-specific)

Balance Test-retest reliability (one week):
ICC = 0.77
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.10

Handstand hold test
(Specific)

Strength and
balance

Test-retest reliability (one week):
ICC = 0.91
Construct validity (Test score vs. Compet-
itive level):
r2 = 0.44

Torrado, 2011 n = 36
Age = 7 - 12
Specialty: Artistic

SJ
(Non-specific)

Muscular power Test-retest reliability (two days):
ICC = 0.703
Pearson’s correlation coefficient = 0.595
Validity: NR

CMJ
(Non-specific)

Muscular power Test-retest reliability (two days):
ICC = 0.767
Pearson’s correlation coefficient = 0.624
Validity: NR

CMJA
(Non-specific)

Muscular power Test-retest reliability (two days):
ICC = 0.829
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coordination.21 Time interval between test and retest varied
from same day4,10,16,20 to ten days.19

Flexibility

Flexibility tests were the most frequent assessment in 10
studies.2,4,11,15,16,18�20,23,24 Regarding to the most reliable
test, the side split test was the most reliable specific assess-
ment (ICC = 0.998), while between non-specific tests, active
shoulder flexibility was the most reliable (ICC = 0.996).4

Strength

A total of eight records analyzed strength.2,4,12,15,17,18,20,23

The handstand test (ICC = 1,00)15 and 4-m rope climb
(ICC = 0.999)4 obtained the higher reliable values in the spe-
cific and the non-specific tests, respectively.

Muscular power

Eight investigations used muscular power assessments.2,4,11,
13�15,18,20 The non-specific vertical jump test was the most reli-
able evaluation in muscular power (ICC = 0.999).4

Balance

A total of five studies used balance assessments.2,15,18,20,23

The handstand test was also obtained the best value in the
specific balance tests (ICC = 1.00)15 and regarding to non-
specific balance tests, the flamingo test accomplished the
higher result (ICC = 0.870).23

Speed

Four studies analyzed speed performance.2,4,15,23 The 20-m
run obtained the best value in the non-specific speed assess-
ments (ICC = 0.996).4

Agility

Three studies reported agility assessments.2,15,18 The non-
specific agility test accomplished the most reliable value
(ICC = 0.95).15,18

Cardiorespiratory fitness

Three studies analyzed cardiorespiratory fitness.20,22,23 Spe-
cific aerobic gymnast anaerobic test was the most reliable
test (ICC = 0.97)22 and 20-m shuttle run test obtained the
higher value in the non-specific cardiorespiratory fitness
evaluations (ICC = 0.91).20

Mobility

Mobility assessments were reported in two studies.20,23

Shoulder extension test obtained the best result in non-spe-
cific mobility tests (ICC = 0.97).

Coordination

Only one study reported coordination assessment.21 In this
study, throwing the ball and reversing forward specific test
obtained 0.799 in the Pearson’s correlation coefficient.

Absolute reliability

Standard error of measurement (SEM) and minimum detect-
able change (MDC) were calculated to assess absolute reli-
ability in only four studies13,15,17,22. Indicated that SEM with
95% confidence intervals was 0.96 to 0.99 in the overall reli-
ability analysis of the battery total score. Another study
reported that SEM for all muscle groups varied from §0.4 to
§1.0 kg at different joint angular positions in four muscle
groups (shoulder flexors and extensors, hip flexors and
extensors).17 MDC 95% resulting from the ICC was 0.12 s in
the specific anaerobic field test for aerobic gymnastics.13,22

Reported that SEM (flight time) varied from 5.84 ms to
10.26 ms in the CMJ and DJ40, respectively. SEM (estimated
mechanical power) varied between 1.84 w/kg (DJ60) and
2.25 w/kg (DJ40). MDC % (flight time) was also indicated and
ranged between 3.3 (CMJA) and 5.9 (DJ40). MDC % (esti-
mated mechanical power ranged from 12.5 (DJ60) to 13.9
(DJ40).

Validity

Three studies analyzed construct validity using a simple
regression analysis between total test scores and the gym-
nasts’ competition level.2,15,18 Only one used criterion valid-
ity evaluating whether the specific anaerobic field test for
aerobic gymnastics correlated with the Wingate test.22

Flexibility

Three studies reported flexibility assessments.2,15,18 Regard-
ing to validity values, the specific splits test was the most
valid test (r2 = 0.52)15 and the shoulder flexibility test
obtained the higher value among non-specific tests
(r2 = 0.05).2

Table 1 (Continued)

First Author, Year Sample (n, age,
specialty)

Test (Specific/
Non-specific)

PF Component Reliability (time interval) and validity

Pearson’s correlation coefficient = 0.713
Validity: NR

DJ (from 40 and 60 cm drop
height)
(Non-specific)

Muscular power Test-retest reliability (two days) (DJ40):
ICC = 0.776
Pearson’s correlation coefficient = 0.658
Validity: NR
Test-retest reliability (two days) (DJ60):
ICC = 0.769
Pearson’s correlation coefficient = 0.625
Validity: NR

CMJ: Countermovement jump; CMJA: Countermovement jump with arm swing; DJ: Drop jump; ICC: Intraclass correlation coefficient;
KTK: K€orperkoordinationstest f€ur Kinder; NR: Not reported; SJ: Squat jump.
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Strength

Strength assessments were used in three records.2,15,18 The
specific hanging pikes test accomplished the higher value in
strength assessments (r2 = 0.86), while the non-specific
push-up test obtained the higher value (r2 = 0.91).15

Muscular power

Three investigations reported muscular power
evaluations.2,15,18 The non-specific jump test was the most
valid test in muscular power assessments (r2 = 0.88).15

Balance

Balance evaluations were analyzed in three
investigations.2,15,18 The handstand test obtained the best
value in balance evaluations (r2 = 0.65).15

Speed

Two records reported speed evaluations.2,15 The 20-yard
sprint test was the most valid test (r2 = 0.92).15

Agility

Three investigations reported agility assessments.2,15,18 The
agility test showed the higher value (r2 = 0.96).15

Cardiorespiratory fitness

Cardiorespiratory fitness validity test was reported in one
study.22 This study indicated that validity ranged from 0.69
to 0.73.

Discussion

The main goal of this review was to show the scientific evi-
dence about the reliable and validity data of field-based tests
to assess PF in gymnastics. Thus, coaches could use these find-
ings to know and control physical condition in gymnasts, that
it could be helpful to improve the performance of athletes.

On the one hand, it was reported that reliability values
were high in most tests (ICC > 0.9). Anyway, it is important
to clarify that protocols were not adequate in several
records. According to this, most studies included in this
review used a time between trials too short (< 2 days). In
most of them, the familiarization session was not included.
Thus, it exists scientific evidence which indicates that sub-
jects should be familiarized with the performance protocol
by at least one trial before measurement commences.6 Fur-
thermore, the time between assessments could affect the
test-retest reliability and it could not be too short or too
long.25 Although it was shown that the optimal time interval
will vary depending on the construct being measured, on the
stability of the construct over time and on the target popula-
tion, two weeks seem the most frequently recommended
interval.26 It seems relevant to highlight that various studies
included in this review used one week interval to control
fatigue or learning effects while trying to avoid enough pas-
sage of time to allow a true change in a gymnast’s overall
fitness.2

Regarding to physical abilities, flexibility, strength,
power, balance, speed, agility, and cardiorespiratory fitness
play an important role in the success of a competitive gym-
nast.2 Considering this, it has shown that the most reliable
tests were the side split test (flexibility), the handstand test

(strength and balance), the vertical jump test (muscular
power), the 20-m run test (speed), the agility test (agility),
and the aerobic gymnast anaerobic test (cardiorespiratory
fitness). Thus, three of them (the vertical jump test, the 20-
m run test and the agility test) were non-specific tests. So, it
is important to consider that specific tests are useful tool to
assess specific performance because the non-specific tests
do not always correlate well with gymnasts’ performance,
and this could suppose a weakness.27 Furthermore, some of
these tests showed high reliability values in other popula-
tions. For example, the 20-m run test showed a high reliabil-
ity among elite youth female soccer players (ICC = 0.96).28

Regarding jump assessments, the vertical jump test also
showed a high reliability values in men and women physi-
cally active (ICC = 0.87 � 0.94).29

It is relevant to highlight that only two studies indicated
inter-rater reliability data.15 only reported inter-rater reli-
ability data, while19 showed intra- and inter-rater reliability
values. Thus, authors affirmed that only one rater adminis-
tered the measurements supposed a limitation in one study.17

Regarding to reliability types, relative reliability is the
degree to which individuals maintain their position in a sam-
ple with repeated measurements,30 being reported in most
studies included in this review. Nevertheless, only four
records indicated absolute reliability data through SEM and
MDC. Absolute reliability refers to the degree to which
repeated measurements vary for individuals. In addition, it
helps predict the magnitude of a real change in individual
athletes and could be employed to estimate statistical
power for a repeated-measures experiment.30 According to
this, it seems necessary that future investigations also show
absolute reliability data with the main goal of knowing how
repeated assessments vary among subjects.

On the other hand, validity was reported in only four
studies. Three of them used construct validity, contrasting
total test scores with gymnasts’ competition level. Nonethe-
less, only one study used criterion validity evaluating the
correlation between the specific anaerobic field test for aer-
obic gymnastics and a gold standard assessment (the Wing-
ate test). This supposes a weakness because criterion
validity allows for an objective measure of validity.6 The
lack of studies that analyze the validity of different tests
used in gymnasts hinders the implementation of these tests
to assess and control athletes’ performance.

Limitations

There are some limitations that need to be considered when
interpreting the findings of this review. First, only four stud-
ies analyzed absolute reliability, and since this helps predict
the magnitude of a true change. Moreover, criterion validity
is the only objective measure of validity and only one record
reported criterion validity data. Thus, these results should
be interpreted with caution.

In addition, most studies did not report a correct explana-
tion about tests. Furthermore, most tests were non-specific
assessments, so this should be interpreted considering this
aspect. It is important the details of assessments to under-
stand and apply these tests in the best way. Finally, language
restrictions in the search process and the non-inclusion of
grey literature might have affected these results.
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Conclusions

There are several tests to assess gymnasts’ fitness. The side
split test, the handstand test, the vertical jump test, the
20-m run test, the agility test, and the aerobic gymnast
anaerobic test could be useful tools to assess flexibility,
strength, balance, muscular power, speed, agility, and car-
diorespiratory fitness in gymnasts. Further investigations
aimed at analyze absolute reliability and criterion validity
are needed.
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