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This study aimed to examine the differences between a range of performance parameters in Greco-
Roman and freestyle wrestlers.

The study group consisted of 60 young wrestlers, of which 30 were Greco-Roman, and 30 were
freestyle. The parameters analysed in the study included aerobic endurance, lower and upper
extremity anaerobic power and capacity, postural sway, change of direction, sprint (5m-10m-20m-
30m), and visual reaction. After calculating mean and standard deviation values with descriptive
statistical methods, the conformity of all variables to normal distribution was checked with the
Shapiro-Wilk Test. Differences between freestyle and Greco-Roman wrestlers were determined by
t-test for independent samples. A discriminant function analysis was also utilized to discover which
set of factors best distinguished freestyle and Greco-Roman wrestlers. The homogeneity matrices
were tested for equality of covariance using Box’s M test. Data collinearity was investigated in order
to find correlations between independent variables. The statistical significance level was accepted
as p<0.05.

Aerobic endurance, lower and upper extremity anaerobic power and capacity, postural sway (Right
Foot Anterior-Posterior, Left Foot Total, Left Anterior-Posterior, Left Foot Medial-Lateral), change
of direction, 5m and 10m sprint values, and visual reaction values of Greco-Roman and Freestyle
wrestlers were found similar (p>0.05). In contrast, a significant difference (p<0.05) was seen in 20m
and 30m sprints, double foot total, anterior-posterior, medial-lateral, right foot total, and right foot
medial-lateral postural sway values.

Contrary to expectations, it was seen that the leg anaerobic power values of Greco-Roman athletes
and the arm anaerobic values of freestyle wrestlers were higher than other style wrestlers, with
minor difference. Greco-Roman and freestyle wrestlers can be said to show similar performance
values despite the different wrestling techniques and training methods they use.

wrestling, physical performance, postural sway, anaerobic power, visual reaction, sprint

Introduction
Dating back to ancient Olympics, wrestling

any holds below the waist [3, 4]. Freestyle, on the
other hand, is considered as an alternative style that
allows holds involving both the upper and lower

has become an inseparable part of national and
international sports organizations, standing out
as an important combat sport whose popularity
has been ever-increasing from the 1896 modern
Olympics to the present. Historically, wrestling first
emerged in the Greek (Greco) society, followed by
the Romans. Both societies made wrestling a part
of their social lives, and subsequently, also of the
athletic games they organized [1]. In the course of
time, wrestling became more effective and gained
popularity all over the world, taking on the name
Greco-Roman wrestling as a tribute to the two
societies it had emerged from [1, 2].

There are two styles of wrestling officially
recognized by the Olympic Committee. Greco-
Roman is known as the classical style and it forbids
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body, meaning that the whole body can be used. [3,
4]. Wrestling is a sport discipline characterised by
high-intensity combat with a total of 6 minutes (2 x
3 minutes) of competition in both styles. Therefore,
wrestlers undergo frequent and intense training in
order to attain a high-level physical profile [5, 6].

The primary aim of wrestling is to gain
superiority over the opponent by using technical,
tactical and psychological factors as well as physical
performance [7]. Wrestlers have to compete with
more than one opponent in a day in wrestling
matches [8, 9, 10]. The way to success in elite level
wrestling sport requires superior physical and
physiological abilities.

The anaerobic ATP-CP (adenosine triphosphate-
creatine phosphate) and anaerobic glycolytic
systems, as well as the aerobic system, are utilised
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in both Greco-Roman and freestyle [11]. Wrestlers
are required to have a strong anaerobic energy
metabolism in order to perform high-intensity
attacks and counterattacks that necessitate strength,
muscular power, and isometric force [5, 12].

The lower and upper body’s anaerobic strength
is also critical for wrestling success, as it aids in
attacking and lifting the opponent during offensive
techniques, as well as resisting the opponent’s
strikes. Anaerobic power is another criterion that
could help to draw a distinction between successful
and unsuccessful wrestlers.

Wrestlers must also have strong aerobic capacity
since they undertake acts that require all-out
bursts of maximum power with only a few seconds
of recovery time [11, 13]. During the match, top-
level wrestlers do approximately 16 high-intensity
actions lasting 3.1 seconds each, with a 23.6-second
variable-intensity recovery time [14]. To succeed
in competition, wrestlers must possess numerous
unique qualities, including maximal strength,
aerobic endurance, and anaerobic skills [15].

The capacity to lift the opponent during attack
and resist strikes when on defence demonstrates
the importance of lower and upper body force [3,
16]. High maximal power production in arm and leg
muscles has been a characteristic of elite wrestlers
[17], since there is a direct relationship between
optimal performance and strength in wrestling [18].

Pulling and pushing repeatedly, controlling
takedowns, and maintaining or resisting the arch
posture all necessitate strength and core and
postural stability in wrestling. Wrestlers’ defensive
power increases when they maintain postural
stability and body control in difficult circumstances
[19].

Different techniques appliedin Greco-Roman and
freestyle wrestling show that different performance
parameters come to the fore in displaying maximum
performance in both styles [3, 10, 20], and the

training methods to be applied to the wrestlers of
both styles should be planned accordingly.

Purpose of the Study. The study purpose was to
determine the performance differences that will
help trainers and conditioners to prepare scientific-
based training programs and optimize training
interventions in order to achieve high performance
in freestyle and Greco-Roman wrestling.

Materials and Methods

Participants

A total of 60 wrestlers (30 freestyle and 30 Greco-
Roman style) participated in this study, each being
a member of a wrestling training centre in Turkey
and a medallist in national and international
competitions. The study complied with the
Declaration of Helsinki and was approved by the
Bioethics Commission of the University of Yalova
in Turkey (Protocol No: 2022/03). The physical
characteristics and training experience of the
Freestyle and Greco-Roman wrestlers are presented
in Table 1.

Study Design

This study was designed to compare the
performance parameters of Greco-Roman and
freestyle wrestlers. Wrestlers at Turkey wrestling
training centres participatedin this studyvoluntarily.
The tests conducted under this study included
aerobic endurance, anaerobic power, sprint, agility,
visual reaction tests and postural sway analysis. The
participants’ parents read and signed an informed
consent form before the participants were enrolled
to the study. The athletes were not allowed to
participate in daily training programs in the 24
hours preceding testing. On six different days, all of
the wrestlers were tested in the same laboratory and
outdoor facilities. The participants and their coaches
were informed about the experimental procedures
as well as the project’s potential hazards and

Table 1. Descriptive characteristics of Freestyle and Greco-Roman wrestlers.

Parameters Greco-Roman Freestyle t p

Age (years) 19.90 £0.29 18.49 £0.32 2.983 0.004
Height (cm) 171.76 + 6.80 165.46 £8.07 3.268 0.002
Body mass (kg) 70.83 £12.55 65.33 £15.33 1.520 0.134
Fat % 9.4%5.6 8.2%6.3 1.215 0.048
FFM (kg) 66.7+11.23 53.3+13.30 1.849 0.005
BMI (kg/m?) 23.94 £3.55 23.61 ¥3.76 0.337 0.737
Training experience (years) 6.06 +1.48 5.8+1.93 0.599 0.552
VO, _ (mlkg'.min?) 53.74 £3.76 53.45 £4.30 0.341 0.733

Subject characteristics were measured mean * SD; FFM - Fat Free Mass; BMI - Body Mass Index; p>0.05
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advantages. The participants were given the option
to conduct the tests at submaximal intensity after a
familiarization session at the start of the study. All
of the participants’ measurements were taken on
six different days in total. The tests were conducted
between 9:00 a.m. and 11:00 a.m. Throughout the
trial, all participants followed the same diet plan
as devised by their dietician. Subjects were verbally
encouraged to maximize their performance in the
tests (Figure 1).

Day1 | Familiarization
Dav 2 Measurement of physical characteristics and
Y VO, . Test
Day3 | Wingate Leg Test
Visual Reaction Test
Day 4 -
Wingate Arm Crank Test
Sway Analysis Test
Day 5 -
Sprint Test
Day 6 | Change of Direction Test
A rest period of 48 hours was applied between testing
days.
On days with 2 tests, the tests were performed one in
the morning and one in the afternoon.

Figure 1. Study Design

Physical Characteristics

Body mass (BM), body fat percentage (Fat %),
and fat free mass FFM (kg) were measured using the
bioelectrical impedance analysis method (BIA) (MC
980, Tanita Corp.,1000 kHz, Japan) after 12 hours of
fasting.

Maximum Oxygen Consumption Test
The participants’ VO, values were determined
using a Yo-Yo intermittent recovery test (level
1). This test comprised 20-meter shuttle runs at
increasing speeds, followed by 10 seconds of active
recovery (consisting of 2x5-meter jogging) until
fatigue. The test began at a speed of 10 kmh! and
increased till exhaustion [21].

Audio beeps from a smartphone application
regulated the speed. The test was terminated when
the participants failed to cross the finish line in
time twice, and the covered distance was recorded
as the valid score, which was then employed in the
calculation below [22]:

VO

2max

(ml.kg!'.min!)= distance (m) x

0.0084+36.4

Anaerobic Power and Capacity Tests

On different days, the participants conducted
30-second Wingate anaerobic tests on an adjustable
Monark cycle ergometer (Model 894-E, Stockholm,
Sweden) to evaluate anaerobic power and capacity.
For each participant, the Wingate leg test consisted
of maximal cycling in a standing body position
against a resistance load of 75 g.kg! BM, while the
Wingate arm crank test consisted of maximal cycling
in a standing body posture against a resistance
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load of 55 g.kg! BM. The cycle set was calibrated
according to manufacturer’s instructions before
each test. The individuals warmed up by pedalling
at 60-70 rpm for 5 minutes, followed by 3 all-out
sprints in the last 5 seconds of the last 3 minutes.
The individuals were then given a 5-minute passive
rest time. The cadence speed was monitored in
real time simultaneously during the tests (the
participants could see through the monitor). The
peak power (PP) in watts for any 5-second period
was computed, as was the mean power (MP) for the
30 seconds. In addition, BM-related relative values
were determined.

Sprint test

The participants performed a sprint test that
consisted of two maximal 30 m sprints with timing
at 5m, 10m, 20m, and 30 m, with a 3 minute rest time
between each sprint, after a standardized 15-minute
warm-up  (low-intensity  running, multiple
acceleration runs, and stretching activities).

Pro-agility Test

Pins were set 5 yards (4,57m) to the left and
right of the pro-agility test, often known as 20 yard
running test. At the starting line, a timing gate
(Microgate, Bolzano, Italy) was installed. Repeated
passes were documented in this manner. Wrestlers
took their positions before the test began. Once
ready to start, the wrestlers were instructed to touch
the pins alternatingly, starting with the pin to the
right and then the one to the left, then cross the
starting line and complete the test. The total time
for each participant was recorded.

Postural sway analysis

The centre-of-pressure data was collected using
a Kistler 9281C force platform (400 x 600 mm) based
on piezoelectrical measurement of ground-reaction
force in the anteroposterior (AP), mediolateral (ML),
and vertical planes. Participants stood with their feet
together and arms at their sides, barefoot. Postural
sway was measured under three different position
feedback conditions, namely double leg, right leg,
and left leg. During sway analysis, participants
were asked to fix their attention on a stationary
object positioned 2 meters in front of them at eye
level. Wrestlers were put through familiarization
tests, and each trial (double and singles leg) lasted
30 seconds, followed by a one-minute rest period.
The experiments were conducted in random order.
Total average sway, AP, and ML directions were
determined using 30-second centre of pressure
(COP) data.

Reaction time

The Witty SEM diagnostic system was used
to assess reaction time to eight visual stimuli.
Microgate Witty SEM is a technology that consists
of “intelligent traffic lights”, which are made up of
a matrix of multicoloured 7x5 Light Emitting Diode
(LED) that can manage various symbols and colours.
Eight light photocells were set on a board across
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from the wrestlers. The aim was to use a dominant
hand to react as quickly as possible to photocells
that lit up blue. Other photocells displayed a variety
of colours or none at all. This experiment included
60 visual reactions with a producing time of one
second. Total time was calculated from the better of
two tries.

Statistical Analysis

SPSSversion 21.0 software was used for statistical
analysis, and a p value of 0.05 was considered
significant. Normality of data was controlled using
the Shapiro-Wilk test. The data was examined with
descriptive statistics, and the findings were reported
as mean standard deviation. An independent t-test
was used to examine the differences between young
freestyle and Greco-Roman wrestlers. Additionally,
the effect size (0.2: small, 0.5: medium, and 0.8: big)
was evaluated to determine practical significance
[23]. A discriminant function analysis was also
utilized to discover which set of factors best
distinguished freestyle and Greco-Roman wrestlers.
The homogeneity matrices were tested for equality
of covariance using Box’s M test. Data collinearity
was investigated in order to find correlations
between independent variables. The discriminant
function analysis model removed variables that
were highly linked (r > 0.70) with each other. The
characteristics that distinguished freestyle and
Greco-Roman wrestlers were determined using
the structural coefficient. For the interpretation of
linear vectors, a structural coefficient greater than
0.30 was considered significant.

Results

The characteristics and training experiences of
Greco-Roman and Freestyle wrestlers are presented
in Table 1. Age, height, Body Fat % and FFM values
of Greco-Roman and Freestyle wrestlers differed

significantly (p<0.05), yet without any significant
difference in terms of body mass, BMI, training
experiences and VO, _ values (p>0.05).

According to arm and leg anaerobic power
and capacity test results, there was a statistically
significant difference between Leg PD values of
freestyle and Greco-Roman wrestlers (p<0.05).
However, no significant difference was seen in both
leg and arm PP, RAP, AP and RAP values between the
groups (p>0.05) (Table 2).

According to postural sway test results, there
was a statistically significant difference in all sway
directions in double leg and right leg (p<0.05). But
there was no significant difference between the
groups in all left leg sway directions (p>0.05) (Table
3).

Agility, 5m, 10m and visual reaction of Greco-
Roman and Freestyle wrestlers were similar (p>0.05).
When the 20m and 30m sprint values are examined,
it is seen that Greco-Roman wrestlers are faster
than Freestyle wrestlers (p<0.05) (Table 4).

The administered power, sprint, visual reaction,
agility, and postural sway tests classified the
freestyle and Greco-Roman wrestlers correctly by
66,7% (Table 5).

Discussion

In this study, we examined the differences
between the performance parameters of Greco-
Roman and freestyle wrestlers. The results of the
study showed that, while the height (cm), fat% and
FFM (kg) of Greco-Roman and freestyle wrestlers
displayed similar characteristics, there was a
significant difference in body weight (kg), training
experience (years) and VO,  characteristics (Table
1). Although there was no significant difference
between the Peak Power (PP), Relative Peak Power
(RPP), Average Power (AP), Relative Average Power

Table 2. Comparison of leg and arm anaerobic power and capacity.

Leg Greco-Roman Freestyle t P ES

Peak Power (W) 922.6 +167.14 844.77 £210.50 1.586 118 0.40
Relative Peak Power (W/kg) 13.25 £2.08 12.96 £1.46 .608 .545 0.16
Average Power (W) 621.63+102.80 577.75 +£139.05 1.390 170 0.35
Relative Average Power (W/kg) 8.86 £0.62 8.84 £0.69 .078 .938 0.03
Power Drop (%) 63.64 £10.50 57.82 +6.94 2.535 .014 0.65
Arm Greco-Roman Freestyle t P ES

Peak Power (W) 800.78 +188.29 771.04 £185.24 .617 .540 0.15
Relative Peak Power (W/kg) 11.33 £1.80 11.93£2.12 -1.177 244 0.30
Average Power (W) 424.17 £82.52 395.29 £89.60 1.298 .199 0.33
Relative Average Power (W/Kg) 6.00 £0.52 6.08 +0.59 -.552 .583 0.14
Power Drop (%) 81.06 +10.84 80.79 £10.81 .094 925 0.02

ES - effect size
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Table 3. Comparison of postural sway.

Sway Analysis (Eyes Open) Greco-Roman Freestyle t P ES
Double Leg Total (mm) 315.4+79.66 372.90 £102.34 -2.428 0.02 0.62
Double Leg Anterior-Posterior(mm) 230.5 £60.92 263.16 +64.78 -2.012 0.05 0.52
Double Leg Medial-Lateral(mm) 165.36 £52.66 206.73 +75.86 -2.453 0.02 0.64
Right Foot Total (mm) 1366.33 £272.49 1551.06 +437.47 -1.963 0.05 0.51
Right Foot Anterior-Posterior(mm) 865.13 +183.95 975.66 +345.49 -1.547 0.03 0.39
Right Foot Medial-Lateral(mm) 879.43 £187.65 1002.73 £236.09 -2.239 0.03 0.57
Left Foot Total (mm) 1350.40 +£348.21 1465.03 +566.88 -.944 0.35 0.24
Left Foot Anterior-Posterior(mm) 876.20 £278.30 920.40 +445.68 -461 0.65 0.11
Left Foot Medial-Lateral(mm) 853.90 +186.12 945.50 +279.89 -1.493 0.14 0.38
ES - effect size
Table 4. Comparison of agility, speed, and reaction.

Agility (s) Greco-Roman Freestyle t P ES
Pro-Right Side 2.65%0.15 2.65%0.11 .067 .947 0
Pro-Left Side 2.46 *0.12 2.49 £0.13 -.893 .375 0.23
Pro-Total 5.11+0.23 5.13+0.19 -.337 737 0.09
Sprint (s) Greco-Roman Freestyle t p EB
5m 1.06 +0.08 1.09 £0.09 -1.292 .201 0.35
10m 1.83 £0.07 1.86 +0.09 -1.265 211 0.37
20m 3.16 +0.10 3.23%0.16 -2.136 .037 0.52
30m 4.42 +0.14 4.57 +0.126 -2.812 .007 1.15
Reaction Greco-Roman Freestyle t p ES
Visual 48.73 +4.5 49.50 +5.6 -.586 .560 0.15

ES - effect size

Table 5. Classification of groups according to the discriminant function?

Predicted group membership

Original group n of cases

Greco-Roman Freestyle
Greco-Roman 30 %70 (21) %63,3 (19)
Freestyle 30 %36,7 (11) %30,7 (9)

a. 66,7% of original grouped cases correctly classified.

(RAP) values of leg and arm anaerobic power and
capacities between the groups, it was observed
that the anaerobic power capacity values of Greco-
Roman wrestlers were higher than those of Freestyle
wrestlers, which shows that there is a significant
difference between leg Power Drop (PD %) values
for both groups (Table 2).

When the literature is examined, it can be seen
that the number of studies examining the differences
in anaerobic power and capacity between wrestling
styles is limited. Demirkiran et al. examined
the differences between certain physical fitness
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parameters of young Greco-Roman and freestyle
wrestlers [3]. They found that, while lower extremity
anaerobic power and capacity values (except RAP)
were similar, arm anaerobic power and capacities
were higher in Greco-Roman style wrestlers. The
authors attributed this difference between the
two styles to the fact that Greco-Roman wrestlers
perform dynamic movements (i.e. lifting, throwing,
and resisting the opponent) both during training
and in competition, and that all techniques in the
Greco-Roman style involve the upper body.

In contrast, in a study by Kiling and Ozen the
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authors compared the anaerobic power values
of elite freestyle and Greco-Roman wrestlers, no
significant difference could be found between the
absolute and relative anaerobic values of the leg and
arm in both styles [24].

Similarly, Lopez-Gullon et al. did not find any
significant differences in arm anaerobic power
and capacity (absolute or RPP and AP) results [25],
which results support the findings of our study. The
results of studies examining wrestlers at different
competitive levels showed that elite male wrestlers
had higher leg and arm PP and MP values compared
to amateur wrestlers [15, 18, 26]. The authors
attributed this difference to higher lean body mass
and greater neural activation in elite wrestlers.

Garcia Pellares et al. (2012) compared female
wrestlers according to different levels of competition
(elite-amateur) and weights (light-middle). Their
study revealed that amateur wrestlers had lower
upper extremity MP and PP values compared to elite
wrestlers (17.3-23%) [7]. Against this background,
anaerobic power and capacity level seem to be
critical indicators of achieving high-level success
in wrestling [5]. Studies comparing the weights of
wrestlers showed that heavier wrestlers had higher
absolute arm and leg PP and MP values in both
genders [11, 15, 18, 25, 27, 28].

In study aimed at determining the hierarchy of
success factors in wrestling regardless of style and
weight class, Cieslinski et al. found that the peak
strength of upper extremity muscles was at the top
of the success factors in wrestling [29]. As a result,
previous studies have reported that anaerobic power
and capacity are important variables to accurately
distinguish between successful and unsuccessful
athletes, regardless of wrestling style, age category
and weight [5]. However, due to the different
results between studies, further studies should be
conducted in the future.

To the best of our knowledge, no study was
conducted yet to compare the postural sway
values of Greco-Roman and Freestyle wrestlers. In
this study, freestyle wrestlers were found to have
higher postural sway values than Greco-Roman
style wrestlers. However, this difference was not
statistically significant. One of the reasons why
freestyle wrestlers have higher postural sway values
may be because they have less muscle mass and less
leg anaerobic power. Furthermore, the hamstrings
of freestyle wrestlers are more extensible than
those of Greco-Roman wrestlers because freestyle
wrestlers do more flexibility exercises during
training, whereas Greco-Roman wrestlers do more
lateral trunk bending than freestyle wrestlers.

Few researchers in the literature have examined
the reaction times of wrestlers [29, 30, 31]. In our
study, no significant difference was found between
the visual reaction times of Greco-Roman and
freestyle wrestlers (p>0.05).
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In the study examining the reaction times of
Greco-Roman and freestyle wrestlers, Mirzaei et al.
reported that there was no difference between the
reaction times between the groups , which result
is similar to that of our study [31]. Gierczuk et al.
examined the changes in reaction times of Greco-
Roman wrestlers and the relationship between their
reaction times and their technical and tactical actions
during a match, as a result of which they found that
elite wrestlers showed a smaller improvement in
reaction time and performed more technical and
tactical moves during a match. There are studies
where the ability to react quickly at sub-maximal
intensity is reported to be an important factor in
determining the outcome of competition [32].

Cieslinski et al. reported that the response time
to light signal was an important success factor in
wrestling[29],because duringamatch,wrestlersneed
to properly record, process and counter the different
moves of their opponents. Therefore, reaction time
in wrestling is of particular importance and should
not be ignored in determining performance.

The sprint and change of direction values of
Greco-Roman and Freestyle wrestlers in our study
are given in Table 4. There was no significant
difference between 5m, 10m, visual reaction and
agility values in both groups (p>0.05). However,
there was a significant difference between the 20m
and 30m sprint values in both groups (p<0.05).

Baic et al. did not find a significant difference
between the 20m sprint values of Greco-Roman
and freestyle wrestlers [33]. Lopez-Gullon et al.
determined that there was no difference between
the 10m sprint values of the Greco-Roman and
freestyle wrestlers according to weight [25]. Mirzaei
et al. showed in their study that the 40 yard sprint
values of Greco-Roman and freestyle wrestlers were
similar [31]. Demirkiran et al. found in their study
a significant difference between the 10 m and 30
m sprint and agility values of Greco-Roman and
freestyle wrestlers [3].

Conclusions

Contrary to expectations, it was seen that the leg
anaerobic power values of Greco-Roman athletes
and the arm anaerobic values of freestyle wrestlers
were higher than other style wrestlers, with minor
difference. Styles showing similarity in agility and
acceleration speed parameters were superior to
Greco-Roman style wrestlers in terms of postural
sway, visual reaction, and speed values. This finding
can be associated with the balance and speed
superiority of Greco-Roman wrestlers, especially
in leg anaerobic power. As a result, Greco-Roman
wrestlers can be said to give greater importance to
strength and strength-enhancing parameters, while
the methods of workout in different wrestling styles
have influence on anaerobic power, balance, and
reaction characteristics.
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