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Section III - Sports and Physical Activity

The Reliability of Specific Physical Fitness Assessments
in Elite Female Chinese Wrestlers

by
Yinchuan Bai !, Naidan Xu 2, Xiangchen Li !, Yupeng Shen 3*

The aim of this study was to evaluate the reliability of eight specific fitness tests for elite female Chinese wrestlers.
Twenty-eight elite female wrestlers participated in the study (age: 26.9 = 2.81 years). The reliability of the tests was
analyzed using the intraclass correlation coefficient (ICC) and the 95% confidence interval (Cl), the coefficient of
variation (CV), and other metrics. The 30-s Sit-Up (SU30) and 6-m Rope Climb (RC6m) tests showed excellent reliability
(ICC > 0.9). The 30-s Dummy Throw (DT30) had good to excellent reliability, while the 30-s Bridge-Return (B-R30)
showed moderate to good reliability. The 30-s Burpee (BUR30), 15-s Leg Attack (LA15), 15-s Leg Defense (LD15), and
Dummy Suplex and Gut Wrench (DS&GW) tests ranged from poor to good reliability. SU30, DT30, LA15, and RCém
tests displayed low variability (CV < 5%), while others exhibited moderate variability. SU30, B-R30, D130, and RC6m
tests are reliable for assessing wrestling fitness. However, BUR30 and LA15 tests showed high variability and should be
used carefully. LD15 and DS&GW tests are not recommended for assessing fitness in elite female wrestlers.
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effectively using technical moves to score or win
(Podlivaev, 2015).

Physical fitness can be divided into general
fitness and specific fitness. General fitness reflects
the athlete's basic physical abilities and is a
comprehensive manifestation of the athlete's
physical qualities. In contrast, specific fitness refers

Introduction

Wrestling can be traced back to the ancient
Greek Olympics and is one of the combat sports
included in the Summer Olympics (Zaccagni,
2012). In wrestling, athletes need to possess high
levels of strength, speed, muscular endurance, and
isometric strength to execute various technical
moves (Scott et al, 1990). Regarding the time
structure of wrestling matches, medalists or gold
medalists typically need to complete 5 to 6 matches
in one day, with each round consisting of two
bouts, each bout lasting 3 min, with a 30-s rest
interval between the two bouts. This undoubtedly
places high demands on the physical fitness of
wrestlers. Studies have suggested that a high-level

to the morphology, physiological functions, and
physical qualities closely related to a specific sport.
Physical qualities are the core elements of specific
fitness, which directly promotes the mastery of
specific techniques and the improvement of
specific sports performance. In wrestling training
and competition, there are many factors that
influence a wrestler's specific fitness level.
However, specific anaerobic capacity and specific

wrestler must have strong physical fitness to attack
opponents within 20-25 s of working time
throughout the entire match, especially when
fatigued or in a passive position, and to continue

physical qualities are considered the most crucial
elements. Numerous studies have shown that
anaerobic capacity is a key factor for determining
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the result of  wrestling  competitions
(Horswill, 1992; Horswill et al., 1989; Pallarés et al.,
2012). Additionally, specific physical fitness, which
mainly includes specific coordination, speed,
strength, along with specific strength and
endurance, play a decisive role in specific physical
fitness (Podlivaev, 2015).

Various fitness tests are widely used for
assessing the physical performance of combat
athletes. However, most studies have focused on
evaluating the general physical fitness
(physiological and physical qualities) of athletes in
combat sports (amateur boxing, fencing, judo,
karate, taekwondo and wrestling) rather than
specific physical fitness (Bridge et al, 2014;
Chaabene et al., 2015, 2015a, 2017a; Franchini et al.,
2011; Kuvaci¢ et al.,, 2017; Roi et al.,, 2008). In
contrast, sport-specific tests can help coaches
identify promising young athletes, pinpointing
their strengths and weaknesses in terms of physical
qualities and physiology during training.
Additionally, sport-specific test results can also
help coaches monitor how athletes' performance
changes and develops over time (Tabben et al.,
2014). Therefore, establishing effective sport-
specific testing protocols to evaluate the actual
physical fitness and physiological characteristics of
combat athletes is crucial for the advancement of
sports science.

An increasing number of researchers have
begun to develop effective combat sports-specific
testing protocols that aim to meet the key
requirements of various combat sports in terms of
physical, physiological, technical, and tactical
aspects (Chaabéne et al., 2012; Markovi¢ et al.,
2022; Sant'Ana et al.,, 2019; Santos et al., 2010;
Tabben et al., 2014). However, research dedicated
to  developing  sport-specific  performance
assessments tailored to the physical demands of
wrestlers is sparse (Klinzing et al., 1983; Utter et al.,
1997). A few studies have focused on specific
anaerobic capacity (Markovi¢ et al., 2021; Shiyan,
2011; Utter et al, 1997, Wright et al, 2015).
Researchers have validated the reliability and
efficacy of these wrestling-specific anaerobic
capacity testing protocols, deeming the existing
protocols suitable for standardized application
(Markovic¢ et al., 2021). However, there is still a lack
of research on effective and reliable tools for
assessing specific physical qualities that can be
used for large-scale wrestling training.

Journal of Human Kinetics, volume 94, October 2024

Therefore, this study aimed to evaluate the
reliability of commonly used specific physical
fitness testing protocols for elite Chinese female
wrestlers using a repeated-measures design,
analyze the test-retest variability and consistency
of wvarious specific physical fitness testing
protocols, and ultimately establish a standardized
specific physical fitness testing protocol for elite
female wrestlers.

Methods

Participants

Twenty-eight elite female wrestlers
participated in the study (mean + SD: age 26.9 +
2.81 years, body height 165 + 5.66 cm, body mass
[BM] 67.0 £ 9.04 kg, body mass index [BMI] 24.4 +
2.12%, and training experience 12.6 + 2.04 year).
The included wrestlers did not have injuries of the
upper limbs, lower limbs, the torso, the head or the
neck, and none had undergone surgery on any
body part within the last six months. Among the
wrestlers, 50% (14 athletes) had won medals in the
World Wrestling Championships, while the
remaining athletes were medalists in the National
Wrestling wrestlers
voluntarily participated in this study. Both
wrestlers and coaches were informed of the
potential risks and benefits of the study which was
conducted following the principles of the
Declaration of Helsinki, and approved by the
Ethics Committee of the China Institute of Sport
Science  (protocol code: CISSLA-2022-1104;
approval date: 04 November 2022). All participants
provided written informed consent before the
commencement of the study.

Championships. All

Measures
30-s Bridge-Return Test

The B-R30 primarily evaluates the strength
and coordination of the shoulder and neck
muscles, as well as the flexibility and coordination
of the neck, the waist, the back, and hips of
wrestlers. The B-R30 procedure is as follows:
participants start from the bridge position, using
their head as the axis and both hands on either side
of the head for support. At the start of the
movement, athletes push off the ground with their
legs, extend their hips, raise their head, and swing
forward to perform a front bridge swing. Once the
body passes the vertical plane, participants need to
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tighten their abdomen and land on both feet,
entering a headstand. Then, they swing backward
into the bridge position. Completion of this series
of movements constitutes one bridge-return action.
During the test, participants need to complete the
bridge-return action as quickly as possible, and the
maximum number of repetitions within 30 s is
recorded.

30-s Burpee Test

The BUR30 mainly evaluates the specific
coordination and fluid motions of wrestlers
moving from the standing position to the par-terre
position. The BUR30 procedure is as follows:
athletes start the action from a standing position
with their feet shoulder-width apart. At the start of
the movement, they quickly squat and place their
hands on the ground while extending their feet
backwards, straightening their bodies and
contacting the ground, then they enter the plank
position. Next, as athletes support themselves with
their hands on the ground, they jump with their
feet forward to the outside of their hands, entering
a squat position, and jump vertically upwards.
After their feet touch the ground, one burpee
movement is completed. During the test, athletes
need to complete burpee movements as quickly as
possible, and the maximum number of repetitions
completed within 30 s is recorded.

6-m Rope Climb without Legs

The RC6m mainly evaluates the specific
strength and endurance of the upper limbs and the
grip strength of wrestlers. The RCém procedure is
as follows: athletes start from a standing position
facing the training rope, choose an appropriate
height, and grip the rope with both hands. At the
start of the movement, athletes use their arms to
pull themselves upward, and with the help of
inertia, they alternate hands as they rapidly shift
their grip upward, continually pulling themselves
upward without using their legs. The test is
considered complete when either hand touches the
6-m mark on the training rope, and the
corresponding time is recorded. Additionally,
during the descent, athletes must use both their
hands and legs to return to the ground. Jumping
directly of the rope is prohibited.

30-s Sit-Up Test

The SU30 mainly evaluates the specific

strength and endurance of the core muscles of
wrestlers and also assesses the ability of athletes to
perform technical moves repeatedly over a
prolonged period. The SU30 procedure is as
follows: athletes start from a supine position on an
inclined board, with their feet higher than their
head, knees bent, and their feet hooked on the
straps of the inclined board, with their hands
crossed in front of their chest. At the beginning of
the movement, using the hip joint as the axis, the
athlete actively contracts the core muscles to flex
the upper body toward the knees, trying to touch
the chin to the knees with each flexion. Then, the
athlete returns backward in a controlled manner,
lightly touching the back to the inclined board.
This series of movements counts as one sit-up, and
athletes are instructed not to let the back
completely touch the inclined board. The entire test
consists of three sets, each lasting 30 s, with a 10-s
rest interval in between. During the test, athletes
must complete the sit-ups as quickly as possible,
and the maximum number of repetitions
completed in each set is recorded. The sum of the
number of repetitions in the three sets equals the
final score.

15-s Leg Attack Test (without a Partner)

The LA15 mainly evaluates the speed of
wrestlers when performing leg attacks. The LA15
procedure involves the following steps: athletes
start by standing with their feet parallel or with one
foot in front of another, assuming a wrestling-
specific body posture. At the start of the
movement, athletes quickly perform a single-leg
attack to the left or the right side. During the test,
athletes need to quickly lower their center of
gravity, perform a duck-under movement, step
forward with the leading leg, actively extend the
arm on the same side forward, and push off with
the trailing leg while the torso quickly follows.
Then, athletes quickly return to the wrestling
position, completing one leg attack movement.
During the test, athletes need to complete as many
leg attack movements as possible within 15 s, and
the total number of repetitions is recorded.

15-s Leg Defense Test (without a Partner)

The LD15 evaluates the speed of wrestlers
when performing a leg defense. The LD15
procedure is as follows: athletes start by standing
with their feet parallel or with one foot in front of
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another, entering a specific wrestling posture. At
the start of the movement, upon hearing the
whistle, athletes imagine that they are targeted for
leg takedown by an opponent and swiftly react by
executing a leg defense. During the test, athletes
need to quickly lower their center of gravity, place
both hands on the ground, extend their legs
backward, and try to make their hip joints move as
close to the ground as possible. Then, athletes
quickly return to the wrestling posture, completing
one leg defense movement. During the test,
athletes need to complete the leg defense
movement as quickly as possible, and the total
number of repetitions completed within 15 s is
recorded.

30-s Dummy Throw Test

The DT30 mainly evaluates the specific
speed strength and endurance of wrestlers'
technical movements. The DT30 procedure is as
follows: athletes start from a standing position
facing the dummy. At the start of the movement,
they lower quickly their center of gravity, step
forward and hold the dummy's shoulder or waist
using a back throw technique, quickly rotate their
body, and perform a throwing action to the left or
the right side. Each time the dummy is thrown to
the ground, it counts as one dummy throw
movement. During the test, athletes complete the
dummy throw movement as quickly as possible,
and the total number of repetitions completed
within 30 s is recorded.

Dummy Suplex and Gut Wrench Test

The DS&GW mainly evaluates the specific
speed, strength and endurance of wrestlers'
technical movements while moving from the
standing to the par-terre position. The DS&GW
involves the following steps: athletes start in a
standing position facing the dummy. At the start of
the movement, they lower quickly their center of
gravity and step forward to grab the dummy's
waist or chest. Using a suplex technique, athletes
quickly push off the ground, extend their hips,
rotate their body to the left or right, and perform
the dummy suplex maneuver. Once the dummy
lands on the mat, athletes should rapidly grasp the
dummy’s waist or chest and use a gut wrench
technique. With the upper body tightly holding the
dummy, athletes lower their limbs, push off the
ground, extend the hips, and roll the dummy to the
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left or the right side. The completion of the gut
wrench technique marks the end of one DS&GW
movement. The entire test consists of four DS&GW
combinations, with each complete DS&GW
including one suplex and one gut wrench
maneuver. During the test, athletes are required to
complete the transition from standing to the par-
terre position as quickly as possible, and the
corresponding time to complete the entire test is
recorded.

Design and Procedures
Design

A repeated-measures design was used to
evaluate the reliability of testing protocols for
evaluating the specific physical fitness of elite
female wrestlers and to provide reliable
standardized fitness testing and training tools for
elite female wrestlers. We selected eight commonly
used specific physical fitness testing protocols to
assess their suitability for elite female wrestlers.
The testing protocols referred to the work-to-rest
ratio in wrestling matches (2.5:1 or 3:1), the
structure of matches (duration), and the specific
technical movements. We focused on specific
coordination, speed, strength and endurance,
which play decisive roles in wrestling
performance. Each test represents a specific
physical ability of athletes, as shown in Table 1.

To achieve effective evaluation, we selected
testing indicators that were as consistent as
possible with the working duration of wrestling
matches and similar to the combination of specific
technical movements utilized. During the testing
process, we used a dummy with uniform height
and standardized weight as a substitute for a
testing partner. The height of the dummy was 1.6
m, the dummy weight selection was aligned with
the women's competition categories and their daily
body weights. Athletes weighing less than 55 kg
used a 30-kg dummy, those between 62 and 68 kg
used a 40-kg dummy, and those between 74 and 82
kg used a 50-kg dummy. The chosen dummy
weight represented about 55% of the athlete's body
weight, ensuring that the relative load of the
dummy was equalized between the subjects
relative to their competing category. The testing
indicators used in the study are commonly used,
thus eliminating the impact of learning on the
results (i.e., athletes were already familiar with the
general movements). Additionally, we unified the
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order of the tests to eliminate the influence of the
testing sequence on the results. All these measures
were taken to minimize testing errors to the
possible extent.

Procedures

All athletes completed the tests on the same
day, with four tests performed in the morning and
four tests in the afternoon, as shown in Figure 1.
The morning tests and their order were as follows:
30-s Bridge-Return (B-R30), 30-s Burpee (BUR30),
6-m Rope Climb without Legs (RC6m), and 30-s
Sit-Up (SU30). The afternoon tests and their order
were as follows: 15-s Leg Attack (LA15), 15-s Leg
Defense (LD15) , 30-s Dummy Throw (DT30),
Dummy Suplex and Gut Wrench (DS&GW). All
tests were conducted in the wrestling venue at the
Chinese National Olympic Training Center which
was fully equipped and suitable for multiple
testing at the same time. Before testing, physical
trainers prepared the test field and equipment
according to the group of subjects. Twenty-eight
participants were randomly divided into four
groups of seven, and each group was evaluated by
one national-level wrestling coach and one judge,
and each group was tested simultaneously
according to the test content and order. To ensure
the accuracy of counting and timing, all testing
procedures were recorded on video. In the event of
any discrepancies during the test, video review
was used.

The complete testing process and content
are illustrated in Figure 1. The tests were divided
into morning and afternoon sessions, each part
consisting of four tests. Each test lasted 10 to 20 min
and total test time was about 1 h. There was a 15-
min rest interval after each test and the total rest
time was 1 h. The testing time of each part was
approximately 2 h. The morning tests focused on
neck and shoulder strength, coordination,
explosive power, upper limb strength and
abdominal muscle endurance, while the afternoon
tests concentrated on technical movements and
specific physical fitness tests performed with the
use of a dummy. Each test targeted different body
parts and skills, ensuring ample rest to minimize
fatigue.

The retest interval was one week, and
retests were conducted under the same conditions
as the initial tests. This decision was based on
multiple studies in the reliability of specialized

physical fitness testing in combat sports, which
have demonstrated good reliability when retesting
is conducted within a week (Chaabéne et al., 2018;
Rocha et al., 2016; Santos et al., 2010; Tabben et al.,
2014). Participants were instructed not to engage in
vigorous exercise 24 h before testing, and there
were no other sports activities on the day of the
test. Additionally, athletes completed a
standardized warm-up before testing.

Statistical Analysis

Data are described with the mean and
standard deviation. The Shapiro-Wilk test was
used to assess the normality of data distribution,
and all variables conformed to a normal
distribution. It was important to assess the change
in means rather than within-participant variability
and test-retest correlations (Hopkins, 2000).
Therefore, paired sample t-tests were used to
compare scores on the two tests, with effect size
statistics calculated to estimate the degree of
difference between the tests; the magnitude of the
effect was interpreted as trivial (<0.2), small (0.2—
0.6), moderate (>0.6-1.2), large (>1.2-1.99), or very
large (22.0) (Zimmerman, 1997).

The test-retest reliability of each variable
was assessed by the intraclass correlation
coefficient (ICC) using a two-way, random, single-
measure model, absolute error (AE), typical error
(TE), the coefficient of variation (CV), the standard
error of measurement (SEM), and the minimal
detectable change (MDC) based on a 95%
confidence interval (CI). ICC wvalues were
interpreted as poor (< 0.5), moderate (0.5-0.75),
good (0.75-0.9) or excellent (> 0.9) reliability. CV
values were interpreted as good (< 5%), moderate
(5-10%) or poor (> 10%). SEM values less than,
similar to, or greater than the MDC were rated as
"good", "acceptable" or "marginal", respectively
(Buchheit et al., 2011).

Bland-Altman plots were used to display
within-group variation and systematic changes
between tests: bias (mean difference) and the
upper (ULoA) and lower (LLoA) limits of
agreement were computed (Bland, 1986). Statistical
analysis and plotting were performed using the R
programming language (version 4.0.2) with the
psych, blandr, ggplot, rstatix, and irr packages.
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Results

Comparison of Test-Retest Results regarding
Assessments of Specific Physical Fitness

Table 2 shows the average scores and standard
deviations (mean * SD) as well as the effect sizes
(d) of B-R30, BUR30, RCém, SU30, LA15, LD15,
DT30 and DS&GW at test and retest. The results of
paired sample t-tests indicated that B-R30 (d =
0.36), BUR30 (d = 0.45), RCém (d = 0.34), SU30 (d
0.20), LA15 (d = 0.51) and DT30 (d = 0.30) scores
exhibited only minor differences between test and
retest. LD15 (d = 0.94) scores showed a moderate
difference between test and retest, while DS&GW
(d =-1.35) scores exhibited a larger difference.

Test-Retest  Reliability = Results  regarding
Assessments of Specific Physical Fitness

Table 3 shows the test-retest reliability values
of B-R30, BUR30, RCém, SU30, LA15, LD15, DT30
and DS&GW according to test-retest comparisons,
including values of the absolute difference (AE),
CV, SEM, MDC, and ICC.

The data showed that, except for DS&GW (AE
= 4.14), AE values of the other variables were
relatively low (AE = 0.11-1.6). RCém and SU30
tests had both excellent consistency, with 95% Cls

of ICCs of 0.98-0.99 and 0.92-0.98, respectively.
The DT30 had good to excellent reliability (95% CI
of ICC = 0.81-0.96), while the B-R30 had moderate
to good reliability (95% CI of ICC = 0.59-0.90).
BUR30, LA15, LD15 and DS&GW tests had poor to
good reliability (95% Cls of ICCs = -0.08-0.92).
SU30, DT30, LA15, and RC6m tests presented good
levels of variability (CV <5%), while B-R30, BUR30,
LD15 and DS&GW tests were characterized by
moderate levels of variability (CV = 5.36%-9.56%).
The SEM for all variables was slightly larger than
the MDC.

Figure 2 is an Bland-Altmann plot showing
the test-retest differences (y-axis) and the mean
scores (x-axis). The mean scores and test-retest
differences of the assessments were as follows:
SU30 (bias = 0.39, 95% CI =-3.43-4.21), B-R30 (bias
=0.5, 95% CI =-2.19-3.19), DT30 and B-R30 (bias =
0.54, 95% CI = -1.82-2.89), LA15 (bias = 0.21, 95%
CI=-0.6-1.03), LD15 (bias = 0.68, 95% CI=-0.7-2.1)
and DS&GW (bias = —4.14, 95% CI = -10.15-1.86).
All these assessments had bias values within the
95% confidence interval. However, BUR30 (bias =
0.54, 95% CI = -1.82-2.89) and RC6m (bias = 0.07,
95% CI = —0.34-0.48) tests had 3% (1/28) and 7%
(2/28) of the data outside the 95% confidence
interval, respectively.

Table 1. Characteristics of specific physical fitness tests.

Test name (abbreviation)

Physical attribute(s) tested

Recorded variables

30-s Bridge-Return (B-R30)

30-s Burpee (BUR30)

6-m Rope Climb without Legs (RC6m)
30-s Sit-Up (SU30)
15-s Leg Attack (LA15)

15-s Leg Defense (LD15)

30-s Dummy Throw (DT30)

Dummy Suplex and Gut Wrench
(DS&GW)

coordination

specific strength

strength endurance
specific speed
specific speed

speed and endurance

specific endurance

coordination and strength of the neck coordination and strength of the neck,
and the shoulders

the trunk and the lower body
explosive coordination of wrestlers
moving from standing to par-terre
positions
specific strength and endurance of the
upper limbs

endurance of core muscles
speed of a leg attack

speed of a leg defense

specific endurance of technical
movements
specific endurance of technical
movements from standing to par-terre
positions
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Table 2. Comparison of test-retest results regarding assessments of specific physical fitness.

Test name Test score  Retest score Diff [95% CI] t Cohen’s d Effect size magnitude
B-R30 (n) 11.6 2 11.1+£24 0.5[-0.03, 1.03] 1.93 0.36 Small
BUR30 (n) 9+17 8.46+1.7 0.54[0.07, 1] 2.36 0.45 Small
RCé6m (s) 10.2+1.59 10.1+1.57 0.07 [-0.01, 0.15] 1.78 0.34 Small
Su3o0 (n) 63.0+£7.2 62.6 £6.7 0.39 [-0.36, 1.15] 1.06 0.20 Small
LA15 (n) 5406 53+0.5 0.21 [0.05, 0.38] 271 0.51 Small
LD15 (n) 53+0.6 47+0.7 0.68 [0.4, 0.96] 4.97 0.94 Moderate
DT30 (n) 99+17 9.6+1.6 0.21 [-0.05, 0.48] 1.65 0.30 Small
DS&GW (s) 52.6£6.7 56.8 £6.1 —4.14[-5.33, -2.95] -7.16 -1.35 Large

Table 3. Test-retest reliability results regarding assessments of specific physical fitness.

15-min rest

Coordination and
AM: strength of the neck
9:00-12:00 and the shoulders
Test ime: 15 min
15-min rest
PM: Speed of a leg attack
14:30-17:30

Test time: 10 min
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15-min rest

=

Explosive coordination

Test time: 10 min

15-s Leg Defense # 30-s Dummy Throw #
(LD15) (DT30)
e —— —

15-min rest

Speed of a leg defense I

Test time: 10 min

6-m Rope Climb
Without Legs (RC6m)

‘ Strength and endurance
of the upper limbs

Test time: 15 min

‘ Strength and endurance
\ of technical movements

Test time: 15 min

e —

Test name AE TE cv SEM MDC Icc 95% CI lower 95%CI upper
B-R30 (n) 1.1 0.57 7.14 0.19 0.16 0.79 0.59 0.90
BUR30 (n) 0.96 0.48 7.81 0.17 0.14 0.70 0.42 0.85
RCé6m (s) 0.11 0.056 0.79 0.03 0.02 0.99 0.98 0.99
Sus30 (n) 1.6 0.80 1.81 0.26 0.23 0.96 0.92 0.98
LA15 (n) 0.21 0.11 2.83 0.06 0.03 0.70 0.41 0.86
LD15 (n) 0.7 0.34 9.56 0.1 0.1 0.25 -0.08 0.56
DT30 (n) 0.5 0.25 3.63 0.09 0.07 0.91 0.81 0.96
DS&EGW (s) 4.14 2.07 5.36 0.68 0.59 0.74 -0.03 0.92
*AE = absolute difference; CV = coefficient of variation; SEM = standard error of the mean; MDC = minimum

detectable change based on a 95% confidence interval; ICC = intraclass correlation coefficient

=

15-min rest

=

Endurance of core
muscles

Test time: 20 min

i Endurance of technical
-min rest

movements from
# standing to par-terre

positions

Test time: 25 min

Figure 1. Order and timing of the specific physical fitness assessments.
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Figure 2. Bland-Altmann plots of the test-retest difference (y-axis) and the mean of the
measurements (x-axis).

Discussion

This is the first study to evaluate the test-retest
reliability of eight commonly wused specific
physical fitness tests in elite Chinese female
wrestlers. B-R30, SU30 and DT30 tests
demonstrated good levels of consistency. The B-
R30 reflected the wrestlers' specific coordination
(Gierczuk et al., 2012), while the SU30 evaluated
their core strength and endurance (Cordo et al.,
2003). Both tests involved a single cyclical
movement structure (Cordo et al., 2003; Kerr et al.,
1997). Throughout the SU30, athletes maintained
fixed points of support and demonstrated
consistent technical movements, not influenced by

Journal of Human Kinetics, volume 94, October 2024

the testing tools or partners, which may be the
main explanation for the high consistency
observed in consecutive assessments of B-R30 and
SU30 tests.

On the other hand, the DT30 primarily
reflected the wrestlers' specific strength and
endurance (Bland, 1986). The technical movement
transitions were relatively stable, and the wrestler
used highly familiar throwing techniques during
the test. Additionally, the test dummy used by
athletes was highly consistent and standardized in
weight. As a result, within the stipulated time
frame, errors in the DT30 were effectively
controlled, resulting in a high level of consistency.
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The RC6m reflected the specific strength and
endurance of the upper limbs and the hand grip
strength of wrestlers (Balas et al., 2012). Previous
studies have shown that grip strength and upper
limb strength display both high levels of
consistency, which may be the main explanation
for the high reliability of RC6m scores. Although in
this study, 6% of RCém scores were outside the
95% CI of the MDC in the Bland-Altman plot, the
bias level in the reliability results (bias = 0.07, 95%
CI = -0.34-0.48) was less than 0.1 s. In practical
training terms, minor errors had almost no impact
on the test results. Hence, the RCém also exhibited
a good level of reliability and can be used as a
training tool by coaches.

The test-retest differences of BUR30 and LA15
tests were relatively large, thus coaches should use
these assessments cautiously. The BUR30
evaluated the specific coordination and fluid
motions of wrestlers transitioning from standing to
the par-terre position. Although the BUR30
involved a fixed combination of movements, these
actions were relatively complex, including
standing, squatting, push-ups, and vertical jumps
(Tai et al., 2022). The proficiency and continuity of
these movements may lead to changes in ICC
values. However, the BUR30 can accurately
simulate specific wrestling skills and is not affected
by external factors (such as the testing tools or
partners); thus, it can still be used as an assessment
tool as long as the athlete is highly proficient in
those movements. The LA15 assessed the speed of
technical wrestling movements. It covered
continuous movements such as quick reactions,
double foot starts, changes in body weight
distribution, and leg grabbing techniques (Jones,
2012), which may explain the variations in ICC
values. However, leg attacks are the most
commonly used scoring technique in wrestling and
a key technique for standing training (Cipriano,
1993). Additionally, researchers believe that this
assessment is still useful, provided that it is
standardized and familiar to athletes.

LD15 and DS&GW tests are commonly used
by coaches to assess the specific physical fitness
levels of elite female wrestlers. However, in this
study, LD15 and DS&GW tests showed a large
variation in ICC wvalues, suggesting low
consistency. They are not recommended as tools
for evaluating the specific physical fitness of elite
female wrestlers, which is the most important
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conclusion of this study. One possible explanation
is that both tests place a high demand on lower
limb techniques and wrestler strength. Research
has shown that the reliability of lower limb
strength tests is low (Tabor et al., 2002). In addition,
although the movement structure of both tests is
fixed and not affected by external factors during
the test, the combination of movements and
technical requirements for both tests is relatively
complex. For example, the LD15 requires athletes
to quickly respond to simulated situations where
they are attacked by the opponent's legs, involving
a series of complex techniques such as quick
reactions, double foot starts and double leg
retractions. The DS&GW movements are even
more complex, involving more technical
movement combinations in both standing and par-
terre positions. The complexity, speed of
movement transitions and variation in athletes'
training may explain the low reliability values.
Therefore, we do not recommend using these two
assessments to evaluate the specific physical
fitness of elite female wrestlers and believe that in
practical training contexts, there may be significant
variations in athletes' performance between tests.
Additionally, these variations may not accurately
reflect the true differences in specific physical
fitness levels.

This study is not without limitations. The
applied tests were not conducted in random order,
and although reliability was assessed, further
research with larger sample sizes should be
conducted due to the diversity of wrestlers.
Additionally, male wrestlers and non-elite athletes
were not included in the study. Therefore, future
testing and validation should be conducted with
samples including male wrestlers and non-elite
athletes.

Conclusions

As shown above, SU30, B-R30, DT30 and
RC6m tests had good reliability and can be used as
important assessment tools for evaluating specific
physical fitness of elite female wrestlers. However,
coaches and athletes should use BUR30 and LA15
tests with caution due to the high variability in
scores of these assessments. LD15 and DS&GW
tests had poor reliability and are not recommended
for use as assessment tools to monitor training of
elite female wrestlers.

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0

license.



200 The reliability of specific physical fitness assessments in elite female chinese wrestlers

Author Contributions: Conceptualization: X.L.; methodology: Y.S. and Y.B.; software: Y.S.; validation: X.L.,
N.X. and Y.B.; formal analysis: X.L. and Y.B.; investigation: Y.S., Y.B. and N.X,; resources: Y.B.; data curation:
Y.S. and Y.B.; writing—original draft preparation: Y.S. and Y.B.; writing—review & editing: N.X. and Y.B,;
visualization: Y.S. and Y.B.; supervision: Y.S. and X.L.; project administration: Y.B.; funding acquisition: Y.B.
All authors have read and agreed to the published version of the manuscript.

Funding Information: This research is part of the National Key R&D Program of China, which was funded by
the Ministry of Science and Technology of the Republic of China, grant number 2022YFC3600300.

Institutional Review Board Statement: This study was conducted following the principles of the Declaration
of Helsinki, and approved by the Ethics Committee of the China Institute of Sport Science (protocol code:
CISSLA-2022-1104; approval date: 04 November 2022).

Informed Consent: All participants gave written consent prior to participation in this study.
Conflicts of Interest: The authors declare no conflict of interest.

Acknowledgements: The authors thank all the participants for their enthusiasm and commitment to the
completion of this study.

Received: 2 November 2023
Accepted: 23 April 2024

References

Bridge, C. A., Ferreira da Silva Santos, J., Chaabene, H., Pieter, W., & Franchini, E. (2014). Physical and
physiological profiles of taekwondo athletes. Sports Medicine, 44, 713-733. https://doi: 10.1007/s40279-014-
0159-9

Bartko, J. J. (1966). The intraclass correlation coefficient as a measure of reliability. Psychological reports, 19(1),
3-11. https://doi: 10.2466/pr0.1966.19.1.3

Buchheit, M., Lefebvre, B., Laursen, P. B., & Ahmaidi, S. (2011). Reliability, usefulness, and validity of the 30—
15 intermittent ice test in young elite ice hockey players. Journal of Strength & Conditioning Research, 25(5),
1457-1464. https://doi: 10.1519/J]SC.0b013e3181d686b7

Bland, J. M., & Altman, D. (1986). Statistical methods for assessing agreement between two methods of clinical
measurement. Lancet, 327(8476), 307-310. https://doi.org/10.1016/S0140-6736(86)90837-8

Bianco, A., Lupo, C., Alesi, M., Spina, S., Raccuglia, M., Thomas, E., ... & Palma, A. (2015). The sit up test to
exhaustion as a test for muscular endurance evaluation. Springerplus, 4, 1-8. https://d0i:10.1186/s40064-
015-1023-6

Beattie, K., Kenny, I. C., Lyons, M., & Carson, B. P. (2014). The effect of strength training on performance in
endurance athletes. Sports Medicine, 44, 845-865. https://doi: 10.1007/s40279-014-0157-y

Balas, J., Pecha, O., Martin, A. J., & Cochrane, D. (2012). Hand-arm strength and endurance as predictors of
climbing performance. European Journal of Sport Science, 12(1), 16-25.
https://doi.org/10.1080/17461391.2010.546431

Chaabene, H., Negra, Y., Bouguezzi, R., Capranica, L., Franchini, E., Prieske, O,, ... & Granacher, U. (2018).
Tests for the assessment of sport-specific performance in Olympic combat sports: A systematic review
with practical recommendations. Frontiers in Physiology, 9, 1-18. https://doi: 10.3389/fphys.2018.00386

Chaabene, H., Tabben, M., Mkaouer, B., Franchini, E., Negra, Y., Hammami, M., ... & Hachana, Y. (2015).
Amateur  boxing: physical and physiological attributes. Sports = Medicine, 45,  337-352.
https://doi.org/10.1007/s40279-014-0274-7

Chaabene, H., Franchini, E., Sterkowicz, S., Tabben, M., Hachana, Y., & Chamari, K. (2015). Physiological
responses to karate specific activities. Science & Sports, 30(4), 179-187.
https://doi.org/10.1016/j.scispo.2015.03.002

Journal of Human Kinetics, volume 94, October 2024 http://www.johk.pl




by Yinchuan Bai et al. 201

Chaabene, H., Negra, Y., Bouguezzi, R., Mkaouer, B., Franchini, E., Julio, U., & Hachana, Y. (2017). Physical
and physiological attributes of wrestlers: an update. Journal of Strength & Conditioning Research, 31(5),
1411-1442. https://doi.org/10.1519/JSC.0000000000001738

Chaabene, H., Hachana, Y., Franchini, E., Mkaouer, B., Montassar, M., & Chamari, K. (2012). Reliability and
construct validity of the karate-specific aerobic test. Journal of Strength & Conditioning Research, 26(12),
3454-3460. https://doi.org/10.1519/JSC.0b013e31824eddda

Cordo, P. J., Gurfinkel, V. S., Smith, T. C., Hodges, P. W., Verschueren, S. M. P., & Brumagne, S. (2003). The
sit-up: complex kinematics and muscle activity in voluntary axial movement. Journal of Electromyography
and Kinesiology, 13(3), 239-252. https://doi.org/10.1016/5S1050-6411(03)00023-3

Cipriano, N. (1993). A technical-tactical analysis of freestyle wrestling. Journal of Strength & Conditioning
Research, 7(3), 133-140. http://dx.doi.org/10.1519/00124278

Franchini, E., Del Vecchio, F. B., Matsushigue, K. A., & Artioli, G. G. (2011). Physiological profiles of elite judo
athletes. Sports Medicine, 41, 147-166. https://doi.org/10.2165/11538580-000000000-00000

Gierczuk, D., & Ljach, W. (2012). Evaluating the coordination of motor abilities in Greco-Roman wrestlers by
computer testing. Human Movement, 13(4), 323-329. https://doi.org/10.2478/v10038-012-0037-y

Gierczuk, D., Bujak, Z., Rowinski, J., & Dmitriyev, A. (2012). Selected coordination motor abilities in elite
wrestlers and taekwon-do competitors. Polish  Journal of Sport and Tourism, 19(4), 230-234.
https://doi.org/10.2478/v10197-012-0022-1

Horswill, C. A. (1992). Applied physiology of amateur wrestling. Sports Medicine, 14, 114-143.
https://doi.org/10.2165/00007256-199214020-00004

Horswill, C. A., Scott, J. R., & Galea, P. (1989). Comparison of maximum aerobic power, maximum anaerobic
power, and skinfold thickness of elite and nonelite junior wrestlers. International Journal of Sports
Medicine, 10(03), 165-168. https://doi.org/10.1055/s-2007-1024894

Hopkins, W. G. (2000). Measures of reliability in sports medicine and science. Sports Medicine, 30, 1-15.
https://doi.org/10.2165/00007256-200030010-00001

Held, S., Rappelt, L., Rein, R., Wiedenmann, T., & Donath, L. (2023). Low-intensity climbing with blood flow
restriction over 5 weeks increases grip and elbow flexor endurance in advanced climbers: A randomized

controlled trial. European Journal of Sport Science, 23, 2031-2037.
https://doi.org/10.1080/17461391.2023.2207079
Jones, Z. (2012). The wrestling drill book (2nd ed.). Human Kinetics.

https://us.humankinetics.com/products/Wrestling-Drill-Book-2nd-Edition

Klinzing, J. E., & Karpowicz, W. (1983). A test to measure the performance capabilities of wrestlers. Strength &
Conditioning Journal, 5(4), 40-43. http://dx.doi.org/10.1519/0744-0049

Koo, T. K, & Li, M. Y. (2016). A guideline of selecting and reporting intraclass correlation coefficients for
reliability research. Journal of Chiropractic Medicine, 15(2), 155-163. https://doi.org/10.1016/j.jcm.2016.02.012

Kerr, K. M., White, J. A, Barr, D. A, & Mollan, R. A. B. (1997). Analysis of the sit-stand-sit movement cycle in
normal subjects. Clinical Biomechanics, 12(4), 236-245. https://doi.org/10.1016/50268-0033(96)00077-0

Kuvaci¢, G., Krstulovié, S., & Caput, P. D. (2017). Factors Determining Success in Youth Judokas. Journal of
Human Kinetics, 56, 207-217. https://doi.org/10.1515/hukin-2017-0038

Markovi¢, M., Kuki¢, F., Dopsaj, M., Kasum, G., Toskic, L., & Zaric, 1. (2021). Validity of a novel specific
wrestling  fitness  test.  Journal of Strength & Conditioning  Research, 35,  S51-557.
https://doi.org/10.1519/JSC.0000000000003538

Markovi¢, M., Toski¢, L., Kuki¢, F., Zari¢, 1., & Dopsaj, M. (2022). Sensitivity of Field Tests for Assessment of
Wrestlers Specific Fitness. Journal of Human Kinetics, 83, 267-276. https://doi.org/10.2478/hukin-2022-0069

Podlivaev, B. (2015). Model wrestlers in freestyle women's wrestling. International Journal of Wrestling
Science, 5(1), 22-27. https://doi.org/10.1080/21615667.2015.1028127

Pallarés, J. G., Lopez-Gulldn, J. M., Torres-Bonete, M. D., & Izquierdo, M. (2012). Physical fitness factors to
predict female Olympic wrestling performance and sex differences. Journal of Strength & Conditioning
Research, 26(3), 794-803. https://doi.org/10.1519/JSC.0b013e31824741e7

Rocha, E., Louro, H., Matias, R., & Costa, A. (2016). Anaerobic fitness assessment in taekwondo athletes. A
new perspective. Motricidade, 12(2), 127-139. http://doi:10.6063/motricidade.8954

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
license.



202 The reliability of specific physical fitness assessments in elite female chinese wrestlers

Roi, G. S, & Bianchedi, D. (2008). The science of fencing: implications for performance and injury
prevention. Sports Medicine, 38, 465-481. https://doi.org/10.2165/00007256-200838060-00003

Zimmerman, D. W. (1997). Teacher’s corner: A note on interpretation of the paired-samples t test. Journal of
Educational and Behavioral Statistics, 22(3), 349-360. https://doi.org/10.3102/10769986022003349

Scott C, B., Roby F, B., Lohman T, G., & Bunt J. C. (1991) The maximally accumulated oxygen deficit as an
indicator of anaerobic capacity. Journal of Medicine Science Sport Exercise, 23(5), 618-624.
http://dx.doi.org/10.1249/00005768

Santos, L., Gonzalez, V., Iscar, M., Brime, J. 1., Fernandez-Rio, J., Egocheaga, ]., ... & Montoliu, M. A. (2010). A
new individual and specific test to determine the aerobic-anaerobic transition zone (Santos Test) in
competitive  judokas.  Journal of Strength &  Conditioning  Research, 24(9),  2419-2428.
https://doi.org/10.1519/]SC.0b013e3181e34774

Sant'Ana, J., Franchini, E., Murias, ]J. M., & Diefenthaeler, F. (2019). Validity of a taekwondo-specific test to
measure VO2peak and the heart rate deflection point. Journal of Strength & Conditioning Research, 33(9),
2523-2529. https://doi.org/10.1519/JSC.0000000000002153

Shiyan, V. V. (2011). A method for estimating special endurance in wrestlers. International Journal of Wrestling
Science, 1(1), 24-32. https://doi.org/10.1080/21615667.2011.10878916

Tabben, M., Coquart, J., Chaabene, H., Franchini, E., Chamari, K., & Tourny, C. (2014). Validity and reliability
of new karate-specific aerobic test for karatekas.International Journal of Sports Physiology and
Performance, 9(6), 953-958. https://doi.org/10.1123/ijspp.2013-0465

Tai, J. Q.J.,, Wong, S. F., Chow, S. K. M., Choo, D. H. W., Choo, H. C,, Sahrom, S., & Aziz, A.R. (2022). Assessing
Physical Fitness of Athletes in a Confined Environment during Prolonged Self-Isolation: Potential
Usefulness of the Test of Maximal Number of Burpees Performed in 3 Minutes. International Journal of
Environmental Research and Public Health, 19(10), 5928-5944. https://doi.org/10.3390/ijerph19105928

Tabor, M. A., Davies, G. J., Kernozek, T. W., Negrete, R. ]., & Hudson, V. (2002). A multicenter study of the
test-retest reliability of the lower extremity functional test. Journal of Sport Rehabilitation, 11(3), 190-201.
https://doi.org/10.1123/jsr.11.3.190

Utter, A., Goss, F., DaSilva, S., Kang, J., Suminski, R., Borsa, P., ... & Metz, K. (1997). Development of a
wrestling-specific performance test. Journal of Strength & Conditioning Research, 11(2), 88-91.
http://dx.doi.org/10.1519/00124278

Wright, G. A, Isaacson, M. I, Malecek, D. J., & Steffen, J. P. (2015). Development and assessment of reliability
for a sandbag throw conditioning test for wrestlers. Journal of Strength & Conditioning Research, 29(2), 451-
457. https://doi.org/10.1519/JSC.0000000000000637

Zaccagni, L. (2012). Anthropometric characteristics and body composition of Italian national
wrestlers. European Journal of Sport Science, 12(2), 145-151. https://doi.org/10.1080/17461391.2010.545838

Journal of Human Kinetics, volume 94, October 2024 http://www.johk.pl





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


