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Abstract
Purpose: In the framework of motor skill learning and transfer, the objective of the present work is to highlight the 

kinematics during the technical execution of an “attack to the legs” in wrestling and compare expert wrestlers 
with wrestlers having a prior judo expertise. Moreover, this study aims to evaluate the effects of training on 
these characteristics.

Material: 10 male subjects were divided in two groups of five: the first group contains wrestlers with at least 7 years of 
wrestling practice. The second group contains two-year practice wrestlers with 5-year prior judo experience. 
Subjects had to perform a movement of attack towards the opponent’s legs (free style wrestling). A three-
dimensional analysis was carried, the displacement of seven passive markers placed over anatomical points 
was quantified (3-D motion analyzer, sampling rate 25Hz). The following parameters were calculated: 
angulation of the hip and of the knee, velocity and acceleration of the shoulder and of the wrist. The 
experiment was conducted twice: at the beginning of the wrestling training schedule and ten weeks later. 

Results: Results showed marked differences between the two groups in the kinematics of the movement. These 
results suggest interference between prior automatisms and learning new skill. The prior experience in 
judo would have influenced posture in this group. In the framework of skill transfer and dexterity, this study 
appears promising to investigate the processes involved in this motor control.

Conclusions: Although wrestling and judo are two sport disciplines that belong to the same group of combat sport, this 
work underlines the specificity of learning and indicates that acquisition of motor abilities in a speciality is not 
transferred inevitably in a positive way in another speciality of the same group.

Keywords: Transfer of learning, motor skill, postural control, wrestling, judo.

Introduction1

Combative sports with grasping are characterized by 
the existence of some common technical bases [1], which 
generate a comparison among the various disciplines based 
on these similarities. Athletic learning and training allow 
sportsmen to acquire new motor abilities [2]. However, 
sensory integration mechanisms and gesture automation 
differ according to the specificities of practiced sport 
[3, 4]. Former studies showed that sport training plays a 
significant role in postural control through the acquisition 
of new motor skills suitable for the nature of the activity 
[5]. Besides, sport training could support the choice of 
the strategy of posturo-kinetic coordinations adapted to 
the realization of the new motor task [6]. The perfect 
realization of every gesture could not be considered 
without the principal bases of any sport learning. These 
bases are the acquisition of particular motor program, 
the automatisation of the gesture through its repetition, 
and the optimal treatment of sensory information. The 
latter one is performed through the development of the 
treatment of specific sensory entries of the task [7]. 

However, there is a fundamental problem: can sport 
training have a general influence on activities other than 
those practiced during this training or are skills built 
by specific training? Wrestling and most other sports 
depend on a specific body form for the effectiveness of 
their techniques [8]. The ability to attack or to defend 
against an attack under any circumstance depends largely 
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upon the production of specific movement. It is frequent 
that judokas and wrestlers move from one practice to 
another, but this transition is sometimes accompanied 
by difficulties in learning this new skill while learning to 
master technical movements [9, 10].   

Hypothesis: While learning a new skill in a certain 
combative sport, prior practice in another combative 
sport would have an influence on performing this skill. 
Common posturo-kinetic control mechanisms would be 
responsible for this influence.

Purpose: In the framework of motor skill learning and 
transfer, the objective of the present work is to highlight 
the kinematics during the technical execution of an “attack 
to the legs” in wrestling, and compare expert wrestlers 
with wrestlers having a prior judo expertise. Moreover, 
this study aims to evaluate the effects of training on these 
characteristics. 

Material and Methods
Participants: 10 male subjects were divided in two 

groups of five: the first group contains wrestlers with at 
least 7 years of wrestling practice (called “wrestlers”)  
(mean age 22.8 ± 3.6 years, height 178 ± 10 cm, weight: 
82.8 ± 27.9 kg). The second group contains two-year 
practice wrestlers with 5-year prior judo experience 
(called “wrestler-judokas”) (mean: age 22.2 ± 2.7, height 
175 ± 62 cm, weight: 70.6 ± 12.2 kg). The average height 
and weight do not differ significantly between the two 
groups. 

Research Design:  Subjects had to perform a 
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movement of attack towards the opponent’s legs (free 
style wrestling). The opponent was represented by a 
support made up of a square base (2cm height) on which 
was fixed a vertical bar surrounded by foam 120 cm high 
and 10 cm wide.

The purpose of the movement of attack to the legs is 
the simultaneous seizure of the two legs and the imbalance 
of the opponent backwards. 

Seven passive landmarks were placed over anatomical 
points to record the movement of the body: shoulder 
(acromion), elbow (olecranon), wrist (styloid process of 
the ulna), hip (anterior superior iliac spine), knee (fibular 
head), ankle (lateral malleoles) and head (temple).

The experiment was conducted twice (first test T1 
and second test T2) with a 10 week intervening period 
of wrestling training. All subjects had the same training 
schedule. 

Movements were recorded and analysed using the 3-D 
vision system -Biometrics- (sampling rate 25Hz)

Statistical Analysis: The analysis deals with the 
first two phases of this technical movement: Guard and 
departure towards the legs and arrival and seizure of the 
mast. The following parameters were calculated: 

The angle (α) determined by the head and the trunk 
and the angle of the hip (β), the value at the beginning of 
the movement (α1; β1), the minimal value of this angle 
(α2; β2) and its value at the end of the movement (α3; β3) 
when the subject seizes the support with the hand.  

For the angle of the knee (γ), the value at the beginning 
of the movement (γ1), the value corresponding to the 
angle (β2) at the same moment (γ2) and the value at the 
end of the analyzed movement (γ3).  

For speed and acceleration of the various markers, 
we recorded the values corresponding to the maximum 
and the times at which they appeared. We calculated the 
averages of the two trials for each parameter. For the 
analysis, we used nonparametric tests, Mann-Whitney’s 
tests to compare the results of wrestlers and wrestlers-
judokas. The evolution in (through?) time between the 
two tests (T1 and T2) was analyzed using Wilcoxon’s test. 

Results
When the subjects were tested for the first time, 

the angles calculated are closer among pure wrestlers 
than among the judokas. This difference reaches the 
significance level with regard to the angle of the knee at 
the beginning of the movement (γ1), the minimal value of 
the angle of the hip (β2), the angle of the hip at the end 

of the analyzed sequence (β3) (Mann-Whitney test:  U=1, 
p<0.02;  U=1, p<0.02;  U=1, p<0.02 respectively).  

The results of the evaluation carried out during the 
second test (T2), ten weeks after the first, at the end of 
the period of training are relatively similar to those of 
the previous test, the posture of the wrestlers seems more 
“crouched” compared with the movement realized by the 
wrestler-judokas. The wrestlers tend to keep the trunk 
more tilted (U=4; 0.05<p<0.10) at the beginning of the 
movement. Their leg is more bent at the beginning (γ1) 
and the trunk on arrival is more brought back towards 
the leg than that of the judokas (β3) (U=2, p<0.05; U=2, 
p<0.05 respectively). In a general way, the wrestlers adopt 
a postural attitude consisting of a lowering of the centre of 
gravity more significant than that of the wrestler-judokas 
from the start and a more marked slope of the trunk on 
the leg.

Among wrestlers, the results show a great stability 
of time regarding the parameters taken into account 
(Wilcoxon test, NS). In the wrestler-judokas, it is noticed 
that the angular values seem lower on average during the 
second test, the statistical analysis however states that 
these differences are not significant for any estimated 
parameter.  

Maximum speeds (Table.1) for both the first and the 
second test, of the various landmarks seem to be overall 
identical for the wrestlers and the wrestler-judokas. 
Between the first and the second test, these maxima do 
not evolve to a significant degree (Wilcoxon test, NS) 
among wrestlers, for the wrestler-judokas the difference 
is significant on the level of the knee (landmark 5) and the 
head (landmark7) (Wilcoxon test, Z=1.752, 0.05<p<0.10; 
Z =2.022, p<0.05 respectivly). In the second test, these 
subjects seem to improve the speed of movement 
execution.

Maximum speed is not reached more quickly (Mann-
Whiteny test, NS) during the two tests, except for 
wrestlers subjects at the level of the head in the first test 
(Mann-Whitney test, U=3, p<0.05). 

Compared to the initial test, speed is reached more 
quickly during the second test, for the shoulder as for the 
wrist (test of Wilcoxon: Z= -2,023, p<0,05; Z= -2,060, 
p<0,05 respectively) in wrestlers. For the wrestler-
judokas, it is at the ankle level that the difference is 
significant  (Wilcoxon test: Z= 2,022, p<0,05).

Given the illustrated results (table.2), it seems that 
the peak of acceleration among wrestlers is higher than 
for the judokas during the first test.  Nevertheless, this 

Table 1. Peaks of speeds (m/s) on the level of the various landmarks for the wrestlers and the wre-judokas during the 
first and the second test. Average values and standard deviations

     Test

Group

Landmark 1 Landmark 2 Landmark 3 Landmark 4 Landmark 5 Landmark 6 Landmark 7

T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2

Wrestlers
2.135 
(±0.46)

1.681 
(±0.54)

2.345
(±0.41)

1.865
(±0.24)

2.729
(±0.62)

2.223 
(±0.41)

1.449 
(±0.23)

1.665 
(±0.23)

2.285 
(±1.38)

2.411
(±1.45)

2.900 
(±2.4)

3.483 
(±2.00)

1.990 
(±0.15)

1.59 
(±0.55)

Wrestlers- 
judokas

1.688 
(±0.43)

1.727 
(±0.18)

1.875
(±0.35)

2.115
(±0.14)

2.575 
(±0.8)

2.753 
(±0.8)

1.444 
(±0.34)

1.813 
(±0.49)

1.359 
(±0.81)

1.925 
(±1.1)

1.529 
(±1.84)

2.313 
(±1.83)

1.736 
(±0.30)

1.560 
(±0.23)
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difference is statistically significant only for the shoulder 
(landmark 1) (Mann-Whitney test, U=3, p<0.05). During 
the second test, the subjects of the two groups present 
similar maximum accelerations. For the wrestler-judokas, 
as with the speed, acceleration of the knee seems to have 
improved (Wilcoxon test, Z=2.022, p<0.05). 

Regarding the time of appearance of the acceleration 
peak, the statistical analysis does not make it possible to 
show differences with regard to the sporting origin of the 
subjects (Mann-Whitney test, NS). Between T1 and T2, 
there is an evolution for the ankle (landmark 6), both for 
the wrestlers and the wrestlers-judokas (Wilcoxon test, 
Z=1.752, 0.05<p<0.10; Z= 2.022, p<0.05).  

Discussion
We showed, during the first evaluation, which postural 

attitudes of the two groups are different at the beginning 
from the movement at the end. The wrestlers without a 
previous judo experience adopt a postural attitude of low 
guard (bent on the legs, trunk inclined forwards) more 
marked than that of the subjects having a previous judo 
experience, the difference not being significant on the 
level of the cephalic segment. In addition, their trajectory 
during the movement is characterized by a slope of the 
trunk more marked towards the lower limb, which is 
bent at approximately 110°. This difference between 
the two groups cannot be explained by morphological 
characteristics (size, weight) since the two groups do 
not differ statistically compared to these variables. In 
addition, the two groups respected the instructions related 
to the finality of the movement, since the seizure of the 
support was carried out strictly on the same level.  

In the group of wrestlers, the control of the adversary 
results in a direct seizure of this one. The low guard 
reducing the distance with the adversary allows a better 
stability by lowering the centre of gravity of the wrestler. 
The position of high guard upright ensures a lower stability 
because of the high position of the centre of gravity and 
the reduction of the basis of support [11].  Moreover, 
the rise in the guard is accompanied by a reduction of 
the defence possibilities and by an increase in muscular 
efforts in order to maintain a balance.  The kinematic data 
from the study among wrestlers is in agreement with the 
realization of this technical gesture by experts [11]. 

To carry out the requested technique, judokas of origin 
seem influenced by their knowledge of the judo practice. 
In judo, guard position is high (compared to that of the 
wrestling) with a catch of the adversary’s kimono jacket, 

which allows the mutual control of candidates [12, 13]. 
The judoka’s postural balance takes into account these 
high supports of hands on the adversary. The realization of 
the legs attack in the wrestler-judokas could be influenced 
by the “Moroté-Garé” technique in judo. It differs from 
the legs attack in wrestling concerning control sought 
by the adversary. In wrestling, it is at legs level, in judo 
the action is more carried towards thighs and basin, the 
starting position not allowing to reach very quickly lower 
areas of the body.  

An explanatory hypothesis of these differences 
between the two groups of subjects could be the 
degree of expertise in wrestling. One can to a certain 
extent consider that the installation of posturo-kinetic 
coordinations supporting the movement required for 
experts “wrestlers” can be compared to beginners. 
Thus, Béraud and Gahéry showed, in the case of French 
boxing, a reorganization of posturo-kinetic coordinations 
that accompany the movement, under the effect of sport 
training [14]. Compared to this possible positive influence 
on the performance of the acquisition of new sensorimotor 
plannings during sport training [4, 15], the difference 
between the two groups of the study could be explained by 
a different use of sensory information following training, 
with a more selective and specific treatment at the expert 
subjects. The vision undoubtedly plays a very significant 
role, a possible attack appropriateness generally begin 
with a visual treatment from information, which could 
explain the rectified position of the head of the attacker. In 
the same way, Perrot [16] specified that the role of vision 
in the control of the static postural balance decreases with 
the expertise level, for karate experts and French boxing 
fighters.

Whatever the subjacent factor of training effects [17], 
in our study we could, to a certain extent, consider that 
wrestler-judokas are beginners concerning wrestling, 
which could explain postural differences with the other 
group (7 years of practice at least). An argument in favour 
of this explication is that we observe wrestler-judokas 
improving the realization of the movement when they are 
tested after the training period of ten weeks compared to 
the initial test. Nevertheless, if our results are compatible 
with this assumption, it is not possible now to uncover 
the mechanisms (motor programming, sensory data 
processing). This assumption must however be nuanced 
by the fact that these judokas subjects had a two years old 
practice of wrestling before the initial test and are thus not 
really beginners, even if they do not reach the expertise 

Table 2. Peaks of acceleration (m/s²) on the level of the various landmarks for the wrestlers and the wre-judokas 
during the first and the second test. Average values and standard deviations

     Test

Group

Landmark 1 Landmark2 Landmark 3 Landmark 4 Landmark 5 Landmark 6 Landmark 7

T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2

Wrestlers
15.748 
(±4.86)

13.111 
(±3.21)

17.225 
(±5.22)

14.526 
(±7.15)

23.205 
(±5.23)

16.989 
(±8.08)

11.828 
(±1.86)

11.51 
(±4.20)

18.774 
(±9.65)

16.869 
(±12.15)

26.856 
(±20.12)

25.523 
(±13.53)

14.556 
(±1.02)

11.979 
(±5.17)

Wrestlers 
-judokas

10.459 
(±3.07)

10.880 
(±1.29)

12.428 
(±3.62)

14.428 
(±6.56)

16.428 
(±7.20)

19.410 
(±8.83)

12.517 
(±3.35)

12.417 
(±4.54)

12.729 
(±6.74)

16.294 
(±8.62)

14.111 
(±12.99)

22.228 
(±16.29)

9.711 
(±0.98)

9.515 
(±2.27)
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level of the other group.  
The hypothesis of a negative transfer or an absence of 

transfer between both sport practices is also to explore. The 
existence of interference or absence of transfer between the 
two motor skills -judo and wrestling- are to be considered 
to explain the results [18]. Although this movement is a 
basic technique in training programs, the fact of having 
practised judo affects the postural attitudes of the subjects 
in the realization of this one. Moreover, this effect of the 
former practice of judo is particularly meaningful since 
these effects appear while at the same time these judokas 
have already made wrestling for two years. This is to be 
compared to the study of Travlos [19], which indicates 
that the increase of the number of training tests for a task 
can alter the transfer of learning on a new task. We can 
think that learning judo was accompanied, on the central 
organization level of the movement, by a “rigidification” 
of control. Thus, subjects with a previous experience in 
judo would have a good representation of the general goal 
of the action but not of the execution of the movement 
[20]. Bernstein points out that, with regard to the transfer 
abilities, a great confusion in the comprehension of the 
phenomenon comes from the fact that for a long time, the 
transfer was only considered through external similarity 
or composition of the movements [21]. According to him, 
the transfer is based on the use of previously acquired 

automatisms; these automatisms are not movements but 
corrections controlling the movement and its components. 
In other words, a transfer is manifested by the existence 
of groups of similar corrections at the level of the control 
of the movement. In other words, a transfer takes place by 
the existence of similar groups of corrections at the level 
of the control of the movement. From this perspective, we 
can also consider that the nervous processes of control 
would be different between these two fighting sports, 
which are the judo and the wrestling, compared to the 
movement to be carried out and that there would thus not 
have a possible positive transfer. Thus, although these 
two sport disciplines belong to the same group of combat 
sport, this work underlines the specificity of learning and 
indicates that acquisition of motor abilities in a speciality 
is not transferred inevitably in a positive way in another 
speciality of the same group. 
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