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PART I
THEORETICAL AND PRACTICAL FUNDAMENTS
OF THE OINA GAME

INTRODUCTION

Oina is not just a game, it is a reason for pride, being the only national sport which is a part
of our cultural heritage alongside with “doina” and other traditions. Buiac (2018) stated that oina
“turned from a children’s game into a national Romanian sport” (p.83). We must add that
minister SpiruHaret understood that once oina was introduced in the school curricula, these
institutions would become the seed plot for great players who would later develop and promote
our traditional sport.

Postolache (1969) stated that “from long forgotten times until the present, Romanians have
loved to play oina. There fore this game was played with joy and happiness by generation after
generation” (p.213).

But like any other sport, oina has been the subject of change, having its ups and downs in
each time, gaining in dynamism by playing it in six players and also in spectacularity by playing
it in 8 players, on the beach and starting with 2013 by women players.

Being a dynamic game, oina helps players develop a beautiful and healthy body, they also
learn to work in teams, and since it is played in 11 players, it helps developing social skills on
and outside the field. At the same time, players can learn to master their emotions, to want to
become better, ambitious and competitive in order to reach their goal, and last but not least, oina

helps forming the Romanian identity and tradition because “All that is Romanian must not die”.



CHAPTER I
MOTIVATION OF CHOOSING THE THEME

1.1. Motivation of choosing the theme

During an oina game we have noticed that the way a player hits the ball can make the
difference in winning or loosing the game. The oina game is in a continuous evolution and there
is a slight difference between the teams who fight for the first places, in a way that all players are
very well prepared. By comparing the results of those teams when players play on catch
positions, we have noticed that the results are pretty much the same and that trainers use the
same techniques based on knowing their adversaries which makes the players realize a doubling
and a recovery of the ball. This puts the adversary in difficulty and makes the players gain as
many points as possible.

The difference between the way two teams play can be noticed when players must hit the
ball with a bat. This led to a biomechanical analysis of the hitting with a ball through measuring
the mechanical parameters of the movement and the temporal variations of the angles created
between different segments of the body (shoulders, trunk, hips, elbow and knee), the variation of
speed, force and of acceleration of the bat and also the player’s anxiety when offering and hitting
the ball.

1.2. The importance of the theme in sport literature

In the Romanian sport literature there are no studies to help us understand the importance
of hitting with a ball biomechanically speaking. This research is necessary for further studies
which can help trainers and other specialists to develop other ways for improving the hit of the

oina ball with a bat.

1.3. The purpose of the research

The purpose of this research is to describe in detail the hit with the bat in an oina game
through a biomechanical analysis, in order to get the necessary information to improve the shoot
with a bat, which may lead to an advantage over the other team. Later on trainers can analyse the
changes in the mechanics of hitting with the bat through the change of the speed of the

execution.



1.4. The objectives of the research

* To study the hits of the oina bat from a biomechanical point of view through measuring
the mechanical parameters of the movement, analysing the temporal variations of the
angles which are created among the different segments of the body (shoulders, hip, elbow
and knee), the variation of speed, force and acceleration of oina bat and also the co-
player’s anxiety when offering the ball in an oina game;

+ To evaluate the trajectory of the ball based on lab results measured in the lab and of
mechanical characteristics of the materials used,;

+ To determine the movement scheme of the upper limbs when hitting with the bat;

+ To estimate the kinematic parameters involved when hitting with the bat;

+ To improve the hit with the bat, to analyse and compare the hits based on the kinematic
values of the bat linked to the values of speed and acceleration of the torsion angle;

+ To develop different techniques when training players, based on the analysed parameters.
This technique helps trainers improve their players’ abilities because it uses new means

and methods.

CHAPTER I
THE OINA GAME

2.1 Introduction in oina game

We have noticed that the oina game has gained in dynamism and evolved in spectacularity
creating a new game conception. All these must be improved through research, studies or
measurements which can establish the best angles to hit the ball with an oina bat, the time

reaction of the defender and of the hitter.

2.2 Short history of the oina game
Why oina? Because oina was among the first sports included in the school curricula, next
to the gymnastics, at the end of the XIX century. As SpiruHaret stated “Oina can bring a new life
in the Romanian school, being a lovely sport and a true national Romanian sport”.
A definition of oina was given to us by Buiac&Beleu (2005), in their book Oina - the

perfect game: “a team game, which means no more than a free human activity, an attractive



experience, full of happiness throughout space and time, which has simple rules and which can

be played by everyone” (p.83).

2.3 Rules for practising the national sport — oina

Oina is played by two teams of 11 players each in two unlimited rounds, with a 5 minutes
break, on a rectangular field having the following measurements: for seniors/juniors I: 70m
length and 32m width (see figure. 1), for juniors Il/juniors I11: 58m/ length and 26.5m width. In
the first round, a team hits and the other catches, while in the second round the teams exchange
places. The team which gains the most points, wins.

2.4 The description of the materials used
The materials used in an oina game are: the oina ball which is spherical and must have 8
pieces of leather cut in equal curves and sewed among them. The ball is stuffed with natural hair

of horse, cattle or pig.The bat must be made by hard wood (Beachwood, phrasing).

Fig. 2 The oina bat



2.5 The player’s tasks when hitting the ball

Most of the time the trainer is the one who makes the tactics, depending on the player’s
experience, their physical abilities and qualities.

As in other sports, sometimes, in an oina game there are similar tactics and others which
may differ. Therefore the player’s ability to master a technique can influence various
combinations of the team’s tactics. The trainer is the one who knows whom of his players can hit
the ball the best (the players who can hit over 60-70m long), the players who can hit the best
from the point of view of the tactics, which players are the best defenders and the time in which a
player can make the run.

Considering the physical training of a player, the way in which they interact during the
training sessions, the trainer will decide which player will hit the ball first, second and third.

This order is essential in an oina game because it is decided according to the player’s
ability (one might hit the ball the farthest, one hits perfect tactics, the other one is a good
defender and so one).

These particularities of the players must be exploited in a good way, since the rules allow
forming groups when players enter the field. Depending on the players’ hits and on the score of

the game, the groups can be fixed and mobiles.

CHAPTER Il
A BIOMECHANICAL ANALYSIS OF THE OINA GAME

3.1 Historical analysis of the movement of the human body

Biomechanics is the science which analyses the movement of the human body and which
studies the interaction between the external forces and the locomotors system. Following the
biomechanical analysis a trainer can recommend exercises to improve some defficitary
movements of his players or practising others which are specific to this sport.

The mechanical behaviour of the human body undergoes the general laws of movement:

- the law of inertia: a body is resting or is moving fluently as long as there are no other
forces which may disturb it.

- the law of acceleration: a body’s acceleration is proportional with the force which acts

over it and disproportional with its weight.



- the law of action and reaction: for every mechanical action there is an equal reverse
reaction.

The movements of the human body is formed by a cartezian point of reference, formed
from 3 orthogonal plans: the frontal plan, the sagittal plan and the transversal plan and they can
be of translation and of rotation.

3.2. The importance and the purpose of the biomechanical analysis of the oina game

Biomechanics in the field of physical education and sport has the purpose of improving the
movements and the technical executions of the players through measurements and analysis made
with the help of modern technology.

With the help of video equipment we can record the human movements in thousand times

per second in order to observe the particularities if rapid moves in the oina game.

3.2.1. The biomechanical of hitting with an oina bat
The hitting with an oina bat is a technical element through which the team can organise
its group defence or it can achieve points, according to a well-established tactics
(Potre&Frangulea 2011).
The hit with an oina bat has the following steps:
e Giving the ball to be hit
The oina game starts by a player giving the ball to be hit. The way a player gives it can
make the difference for the co-player when hitting it with an oina bat. The player who serves can
choose the position from which he serves. When hitting the ball the player chooses the best
moment. According to some specialists, this action can happen in three ways:
e visual information which are predictive and which regard the place where the ball
will be at a certain moment;
e coordination which is made through the correct positioning of the ball based on the
visual information and of cerebral commands which are received:;
e using the previous training to complete the missing information
Regan stated in 2011 that the retina catches binocular and monocular correlations of the
instant movement of the ball’s directions and also in depth in the case of a ball which moves at a

constant speed.



At the same time, Roata considered in 2018 that in order to have a good hit, the player
must take into consideration two points: the maximum height which must be reached by the ball
which leaves the palm, and the moment when the bat must hit the ball.

+ Hitting the ball with the oina bat

The ball is set into motion by hitting it with an oina bat. In order to follow the rules, the
hit mustn’t send the ball over the lines from the left and right of the field and it must be executed
only once by each player.

A player can hit the ball depending on the length and the weight of the oina bat (Daniel &
Russell, 2005), and also on the material of the bat (Vedula& Sherwood, 2004).

This is very important, tactically speaking and it can represent a key point in the match
because it can get extra points and therefore we can state that it is a good hit or it can solve a
tactical situation executed during the training sessions with the purpose of helping other co-

players which are not very good at the defence, but who have a great speed.

3.2.2. The biomechanical behaviour of the upper and inferior limbs when hitting
with an oina bat

In order to hit the ball with a bat held in two hands, the legs must be spread at the level of
the shoulders. The left leg is slightly in front of the other so that the top of the right foot is in the
half of the left foot. Both legs must be in a triple extension so that the player can do a balancing
act at the coxfemural articulation in the sagittal plan.

The abductor muscle of the hallux and the abductor muscle of the little toe make a static
action at the planetary dome. In this position, the limbs help creating the balance and the pelvis
makes only symmetrical moves in the sagittal plan, around the biacetabulary axis, with the help
of iliopsoasis muscles, maximum gluteus and ischiocruralismusles (Papilian, 1982).

The iliopsoas muscle has a static role when it presses on the femur allowing the pelvis not
to fall backwards. Therefore it is a very important stalibizator of the trunk.

During an oina game, the bat is held and the upper limbs are projected backwards to signal the
co-player waiting to serve at what height he wants to hit the ball.

After the ball is hit and has left the hand, the player who hits it continues the movement
through a rotation of the coxfemural articulation towards left, an external rotation towards the

left and an internal rotation towards the right side.



Then the weight centre moves from the left foot to the right one, through the action of the
tensor muscle of the wide fascia, the left leg standing on the top through the contraction of the
gastrocnemius muscle, solearius, plantaria helped by the Achilles’ tendon.

As the player changes the weight centre forward, the force on the front leg is 123% off the
weight of the whole body, as Welchetal stated in 1995. The baseball players succeed in speeding
the segment around its axis through spinning their hips and shoulders. The result of this kinetic
movement increases the hit of the bat during the hit.

3.2.3 The biomechanical behaviour of the trunk during the hit with an oina bat

The trunk spins easily from the left side to the right one flexing a little when waiting
for the ball to be served. The moment the ball has reached the optimal height, the trunk spins
with all its force towards the left along with the extension of the spinal column fact which will
give the bat the force and the speed for the hit.

The axial rotation of the trunk being calculated by Tagoetal, in 2005, as the angle
between the pelvis and the upper trunk in transversal plan, results in a bigger stress on the trunk
after the contact with the ball. Messier &Owen (1985) stated that the horizontal deceleration of
both hips, even before the contact of the bat with the ball was mostly due to the decrease of the

antero-posterior forces.



PART 11
CHAPTER IV
PRELIMINARY RESEARCH REGARDING THE OPTIMIZATION OF THE HIT
WITH THE BAT IN AN OINA BAT THROUGH A BIOMECHANICAL ANALYSIS

4.1. The premises of the research
The oina game being a national sport hasn’t been scientifically researched. Studies could
have led to the development to some standards in the training sessions. It hasn’t received any

objectives of the training programmes and the developing of some specific tests for movement.

4.2 The purpose of the preliminary research

The preliminary research has the purpose of measuring the mechanical parameters
of the movement by analysing the temporal variations of the angles created among different
segments of the body (shoulders, hips and also those parts responsible for flexion and
extension of the elbow and knee), the variation of speed, force and acceleration during the
hit with a bat, to determine the movement scheme of the upper limbs, stressing the values
of the kinetic parameters of the bat which are linked to the values of the speed and

acceleration of the torsion angle.

4.3. The hypothesis of the research

We assume that there is some qualitative repetitively of the cinematic parameters of
the three hits with the bat measured through video methods in the laboratory.

We assume that the hit with a bat in the lab is very closed to the real hit on the field,
in terms of speed and acceleration, and also of the angles that are formed when determining

the trajectory of the ball across the field.

4.4. Objectives of the preliminary research
1. Evaluation of the trajectory of the ball on the field based on lab measurements and of
mechanical characteristics of the sport materials used.
2. Calculating the movement scheme of the upper limbs when hitting with a bat, predicting the

cinematic parameters involved in the hit.



3. Finding the biomechanical parameters which allow the optimization of the training from the
point of view of general physical training and technical training.

4.5. Tasks of the preliminary research
1. Selecting the subjects;
2. Establishing the work methodology and the parameters which will be followed,;
3. Measuring the angles which are formed at the level of the arm and the trunk during the hit
with a bat;
4. The optimization of the technique of hitting with the bat, comparative analysis between the
hits with the bat based on the analysis of the cinematic parameters linked to the values of the
speed and acceleration of the torsion angle;
5. Formulating the conclusions of the preliminary research;

6. Disseminating the results.

4.6. Organising the research

Preliminary research was conducted between April the 1% — October the 1% 2018 on 6
subjects (6 boys having an average age of 42).

Table. 1 Values of the main anthropometrical parameters of the analysed subjects

Weight (kg) Height (m) IMC (kg/m?)
S1 87 1.75| 28.40816327
S2 59 1.72 | 19.94321255
S3 78 1.75| 25.46938776
S4 92 1.92 | 24.95659722
S5 83 1.77 | 26.49302563
S6 92 1.9 | 25.48476454

4.7. Stages of the preliminary research
The preliminary research was developed in three stages as following:

e the study of sports literature;
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e experimental measurement and recording of mechanical parameters during the hit with
the bat through the RSscan Platform;
e experimental measurement and recording of cinematic parameters of specific movement

when hitting with an oina bat;

4.8. Research methods
The utilised research methods were:
e the method of biographical study;
e the method of systematic observation;
e the method of pedagogical experiment;
e statistical method;

e mechanical and biomechanical methods of analysis.

4.9. Biomechanical and mechanical analysis

In order to obtain an improvement of the speed and the trajectory of the ball in an oina
game, this study is meant for achievement of an analysis of the cinematic parameters of some
particular points from the players’ body and from the utilised tool (the oina bat). The
experimental measurement of the trajectories of these points was achieved by using the complex
equipment VICON (which will be further described), and the biomechanical analysis of those
parameters was achieved with the software NEXUS as part of the video equipment.

From the point of view of the biomechanics we measured and analysed the angles formed
at the level of the upper limbs and the torsion angle and tried to link them with the speed of a
point of the bat where it is supposed to hit the oina ball.

Since the measurements specific to the hit with the bat have been done in the laboratory,
it was compulsory to simulate and calculate the trajectory of the ball on the field after the hit.

Hitting the ball with the bat is done in a very short time and this phenomenon has been
considered to be similar to a rubber clash. Through measurements with the same video

equipment VICON, we have calculated the parameter of the returning coefficient.
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4.10. The equipment used for measurements

Fig. 3 Techniques and InnovativeProcesses in Bioenginery Laboratory
The complex system of cameras and video editing VICON (https://www.vicon.com) is

part of the equipment of the Laboratory of Innovative Techniques and Processes in Bioinginery
(figure. 3) from the Research Infrastructure in Applied Sciences (INCESA) of the University of
Craiova. This system can predict and calculate the trajectories of the marked points on the
biomechanical system which is studied through continuous recording with 14 high-tech cameras:
(https://vicon.com/press/2015-12-02/vicon-vantage-helps-derby-university-search-for-the-

perfect-golf-swing) (Fig. 4).

[Eable network |

T
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I\ VICON Data =
acquisition hardware

Fig. 4 The diagram of the Vicon system with its 14 ultra-fast video cameras T/series
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After gathering the measurements and the data (the trajectories of the marked points) with
the soft ProCalc of the Vicon system we determined the angular amplitudes among various
segments of the real biomechanical system and we made a graphic variation of the cinematic
parameters (the trajectories of the marked points in comparison with the global reference of the
work space) and the angular parameters (in comparison with points set on the analysed subject’s
articulations).

The restitution coefficient (CR=v2/v1), represents the result of the speed of the ball after

the hit with the bat (v2) and its speed before its contact with the bat (v1).

4.11. Sport materials used and the experiment

4.11.1. The Oina Ball

We have selected 17 oina balls: 3 of them were completely new, and 14 were already
used and in different stages of ageing depending the number of games they had been used.

4.11.2. The Oina Bat
The oina bat is 1m long but its weight can vary.For this experiment there were used bats
made of Beachwood and acacia (figure. 2). The average diameters of the hit zone of the ball are

about 45mm.

4.11.3. The Experiment
The experiment concentrated on determining the restitution coefficient which can
influence the score in an oina game. We have made over 300 hits (bat-ball), with sending a

marked ball (figure 5) in free fall, from a vacuum pump set at an adjusted height (figure 6).

Fig. 6 Vacuum pump Fig. 5 Marked oina ball
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The balls were sent from two different heights:

H=1000 mm

H=1400 mm.

For each of the 17 balls we have made 3 recordings.

The experiments were repeated for the both kinds of bats.
The bats were carefully fixed on the ground.

4.11.4. Pressure Platform RSscan

e N LSRR W W W W =
o & cforlef Wl 6232 ] x| S|

Fig. 7 Image of RSscan platform — FootScan Gait Analysis soft

CHAPTER V
RESULTS OF THE PRELIMINARY RESEARCH
AND THEIR INTERPRETATION

5.1 Results of the evaluation of the sportive equipment used in the oina game

The data — the trajectories of the ball before and after the hit were recorded at a frequency
of 400Hz with the complex system Vicon.

The Nexus soft of the Vicon system allowed the calculation of the derived cinematic
parameters: the speed and the accelerations before and after the hit. These parameters were

utilised for finding the restitution coefficient.
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5.1.1 A statistic analysis of the experimental data resulted from the measurement of

the restitution coefficient

Tabel. 2 Values of the CR statistical parameters for all the 306 tries

Analysed Variable No. of Average CR | Average Square | Dispersion | Asymmetry
determinations Deviation
CR 306 0.4808 0.0649 0.004 0.477
Table. 3 Statistical values of CR depending on the tries
Type of CR No. of Average CR Average Dispersion
Determinations Square
Deviation
CRH_F1000 51 0.494912368 | 0.0541066281 | 0,003
CRV_F1000 51 0.511902216 | 0.0872269120 | 0,008
CRH_F1400 o1 0.451743138 | 0.0367144483 0,001
CRV_F1400 o1 0.470232453 | 0.0832437657 0,007
CRH_S1400 o1 0.486493663 | 0.0401105187 0,002
CRV_S1400 o1 0.469693553 | 0.0546267155 0,003

5.1.2. Interpretation of the results from measuring the restitution coefficient

1. Variation coefficient (the last column in Table 3) has at all tries, the value under 0.17, which

means that the dispersion is a small one and the average is strictly representative. That is why

there is no need for an analysis of the statistical data divided in groups, for example the division

in groups of the wear of the cover of the ball.

2. From Table 2 results an average value of the CR of 0.4808mg, and the average deviation is of

0.0649, which means an approximatively 68% of the CR values calculated experimentally

between the range of 0.4808+/-0.0649, which are between 0.4159 and0.5457.

3. From the analysis of the experimental data statistically interpreted we have drawn the

following conclusions:

e CRis smaller at the new balls which have never been used in a game (0). The biggest CR

values have been recorded at the balls with a wear degree of 1.
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e There is no correlation (correlation coefficient Pearson = 0.227) between the mass of the
ball and the CR for all the 306 measurements.

e There is a powerful correlation between the CR of the 17 balls, important for the balls
M1 with M5 and M14 and of medium intensity between the balls: MO with M6 and with
M13, M1 with M16, M2 with M4 and M13 with M16. Testing the signification of these
correlations was made with Test 1 and the value of the coefficient of signification is
under 0.01 (which shows a significant correlation).

e The values of statistic parameters were determined with SPSS V2.0 soft which calculated
the values of the CR measured experimentally.

e CHR_F1400= The coefficient of return, determined from the measurement of the height
of lift and fall, on a beeach cane from the height of 1400mm.

e CRH_S1400= Coefficient of Return, determined by measuring the height of rise and fall,
on an acacia cane from a height of 1400mm.

5.2. Results obtained through the analysis of the RSscan plantogram
e \We noticed that all the weight is distributed on the support leg, in our case the right foot,
while the left foot supports a lesser weight and has the role of equilibrium and for

preparing for the next step.

Fig. 8 The Plantogram obtained from the pression platform, at the moment of the hit with the
oina bat
We noticed an important difference between the right foot and the left one, with a bigger
pressure on the forefoot area which means an increased force on the hip muscle and paraspine

muscle whose action can reduce the risk of loosing the equilibrium during the hit with the bat.
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5.3. Results of the calculation of the cinematic parameters of the hit with an oina bat
through recordings and video analysis
Video measurements have been made in the Innovative Processes And Techniques
InBioenginery Laboratory.
5.3.1. Recorded data
We recorded the trajectories of characteristic points marked on the subject’s body. The soft
attached to the equipment interpreted the data obtained and gave information on the angular
amplitude, speed, angular and linear acceleration for the concerned areas involved in hitting the
ball with an oina bat.
We analysed the angles from the upper limbs to identify if the angles created at the level of
the upper limbs are created by the hit with the bat.

- The angle formed between the arm and the trunk for the upper left and right limb:

13 ngr best

Fig. 10 Variation of the angle between the right arm and the trunk
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- The angle formed between the arm and the forearm (elbow) for the upper left and right

limb when hitting with the bat:

Fig. 12 Variation of the extension flexion angle of the right elbow
The following average values of the kinematic parameters were obtained:
- The angular velocity at the level of the left arm is 347°/s, and at the right 504%s.
- Variation of the angular velocity of the angle of the left and right elbow at the hit with the bat:
- the angular amplitude at the level of the left elbow is 55°,14, and at the right one is 73°;
- Variation of the angular acceleration of the angle of the left and right arm at the hit with the bat:
- the angular acceleration at the level of the left arm is 7200°/s2, and at the right one is 12800°/s?;
- Variation of the angular acceleration of the angle of the left and right elbow:
- the angular amplitude at the left arm level is 41°,28, and at the right one is 39°,28;

- the angular velocity at the level of the left elbow is 722°/s, and at the right one is 620°/s.

18



- the angular acceleration at the level of the left elbow is 19300%s?, and at the right one is
20000°/s2,

5.3.2. Interpretation of the results of the measurement of kinematic parameters

From this analysis it follows that the players have an angular velocity at the level of the
right arm with 31.2% higher than the left one and an angular velocity of the left elbow with
14.2% higher than the right elbow.

This evolution of the angular velocity values, different right-left, requires the
development of an explosive type muscular force at the right arm, which limits possible injuries
and which stabilizes the kinetic chain of the upper right limb in speed force regime (Hennessey
& Johnson, 2000). On the other hand, at the level of the left arm, there is a need for a muscular
training programme in which the focus should be on the developmentof the isometric force,
which allows stabilization of the left upper limb, which has the role of taking over the force
generated by the contralateral segment.

The complex system of recording and analysis VICON, allowed to visualize the
trajectory of the bat maneuvered by the sportsman in the movement of the hit with the bat and
the decomposition in the horizontal and vertical components of the speed of the bat tip (Figure.
13), specifying the position of the sportsman, when these components of the speed are

maximum.

269743 {(Mean: 542989 Stdev: [f022 45)

-9 142128 (Mean: -723.643 Stdev] 4284.29)

Fig. 13 The trajectory of the tip of the bat and the variation of the velocities of the tip of the bat
in the field direction and in the vertical direction. The current position is where the bat hits the
ball.
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At the same time, it was observed that the value of the torsion angle acceleration is zero
or has a very small value, so the speed of the same angle is maximum. The torsion angle of the
sportsman was established as the rotation angle around the axis of the spine, between the axis of
the shoulders and the axis of the pelvis.

In the work in extenso, the following graphs are presented, for the 6 sportsmen in the
experimental group:

- the variations of the components of the angular velocity of the point on the bat where it hits the
oina ball, specifying the position where the horizontal speed (blue curve) and vertical speed (red
curve) are simultaneously maximum;

- the position of the sportsman (seen from above), when the two components of the speed
specified above are maximum;

- the variations of the acceleration and the speed of the torsion angle, specifying the position at

which the components of the aforementioned speed are maximum.

Table.4 The values of the kinematic parameters of the bat correlated with the values of the speed

and acceleration of the torsion angle

The name of The speed of the tip of the bat (of No. Frame ] Torsion )

the'z subject the oina ball) correspondmg angle . Torsion

being to maximum acceleration | angle speed

analyzed (mm/s) speed (deg / s2) (deg/s)
X y z

S1 19995 | 456 13758 295 -830 -138

S2 17053 |-3381 | 13509 318 -1251 -59.39

S3 25509 | -4154 | 14368 209 -2115 -83.41

S4 19528 | 1775 12041 181 -2118 -131

S5 24242 | -1328 | 14597 167 -1509 -44.68

S6 21646 | 2200 15380 177 -490 -102
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Fig. 14 Subject S1 - Speed of the tip  Fig. 15 Subject S1 -Position of the body
of the bat when hitting the ball

It can be seen in figure. 14, for the S1 sportsman, the variation of the angular velocity of
the point on the bat where he hits the oina ball (the horizontal speed is the blue curve and the

vertical speed is the red curve). The two components are simultaneously maximum.

B
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Fig. 16 Subject S1 - Angle acceleration of Fig. 17 Subject S1 — Angle speed of

torsion torsion
Also for the S1 sportsman, the variations of the acceleration and the speed of the torsion

angle are maximum (red curve) when the ball should be hit with the bat.
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5.4. Conclusions following the biomechanical analysis of the torsion angles
1. The times at which the player should hit the ball with the bat have been chosen so that the
speeds of the bat in the direction of the field (red curve) and vertical direction (blue curve) are
maximum.
2. At these times, the values of the torsion angle accelerations have the values close to zero, so
the speeds of this angle have maximum values or close to the maximum.
4. Since the speeds are maximum, there is a transfer of energy from the bat to the ball at the
maximum Kinetic energy value that the bat can have, taking into account that Ec = mv2 / 2.
5. The speed of the ball will be equal to the speed of the bat multiplied by the coefficient of
return, which is vo=viXCR.
6. For all players it is a good synchronization of the maximum values of the speed of the bat in
the direction of the field and in the vertical direction.
7. The higher the speed of rotation of the bat, that is when the speed of variation of the torsion
angle is higher, the higher the horizontal velocity of the ball.
8. The higher the linear velocity in the vertical direction of a point on the bat, which is

considered to hit the ball, the higher the vertical velocity of the ball.

5.5. Conclusions of the preliminary research

The specific results of the biomechanical analysis of the hit with the bat can represent a
possibility of developing the specific programme of physical training for the correct execution of
the hit of the oina ball with the bat in order to obtain points and to make a difference in the
games in which the teams have close values.

The analysis of the video recordings made revealed that the equipment used to measure
three-dimensional movements is efficient. After analyzing the data recorded using the complex
VICON Figure. capture and processing system, it has been demonstrated that it can be used in
determining the motion of the upper limbs when hitting with the bat, estimating the kinematic
parameters involved during the use of the bat and measuring the angles that are form at the level
of the arm and between the arm and the trunk, but also the torsion angle that we consider the

most important.
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PART 111
EXPERIMENTAL RESEARCH ON THE OPTIMIZATION OF THE HIT WITH THE
BAT IN THE OINA GAME BY BIOMECHANICAL ANALYSIS

CHAPTER VI
ORGANIZATION AND DEVELOPMENT OF RESEARCH / RESEARCH
METHODOLOGY

6.1. The premises and hypotheses of experimental research

6.1.1. The premises of experimental research

The training in the oina game is decisive both in the tactics of the game and in the level
of individual technical improvement of the hit with the bat, in which respect the coach, in order
to achieve a progress in performance, from the junior level I, must also be documented and keep

up with the latest research to get a senior level.

6.1.2. Purpose of experimental research

The experimental research aimed to achieve a hit with the bat in order to analyze the
values of the kinematic parameters of the bat correlated with the values of the speed and
acceleration of the torsion angle to validate or invalidate the hypotheses formulated in relation to

the designed training project.

6.1.3. Hypotheses of experimental research
1. We suppose that the optimization of the hit with the bat can be done based on the analysis of
the kinematic parameters of the bat.
2. Suppose that there could be a correlation between the kinematic parameters of the bat and the
values of the speed and acceleration of the torsion angle.
3. Suppose that the torsion angle of the trunk is a biomechanical parameter by which we can
efficiently speed the tip of the bat during the hitting.
4. Suppose that the introduction of special programmes of technical and physical training for this

type of training will contribute to the improvement of the hit with the oina bat.
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6.1.4. Objectives of experimental research

1. Performing some measurements and comparative analyses of the values of speed and
acceleration of the torsion angle during the hit with the oina bat, between the subjects before and
after the specific training.

2. Carrying out measurements and analyses regarding the correlation of the speed of the bat,
both vertically and horizontally with the speed and acceleration of the torsion angle before and
after the specific training.

3. Carrying out measurements and comparative analyses between the executions and the
efficiency of the hits with the oina bat performed by the subjects.

6.1.5. The tasks of experimental research
1. Selection of the group of subjects according to the inclusion criteria;
2. The classification of the subjects by the type of player according to the regulation of the
Romanian Oina Federation;
3. Segmental biomechanical analysis;
4. Data recording;
5. Analysis and interpretation of results;

6. Drawing up the final conclusions.

6.2. The organization of the research

6.2.1. The place of the experimental research

The research was carried out in the Laboratory of Innovative Techniques and Processes
in Bioengineering, from the Research Infrastructure in Applied Sciences (INCESA), using the
complex image capture and processing equipment, in the Training Room of the C.S.M. BAILETI
PROGRESS, but also on the football field in Bailesti. Regarding the part of theoretical
foundation, mainly focused on data and information collection, it has also been carried out in
other locations, such as: Lucian Blaga Central University Library Cluj-Napoca, National
Research Institute for Sport Bucharest, the Library of The Faculty of Physical Education and
Sport Cluj-Napoca.
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6.2.2. Subjects included in experimental research

The experimental research was carried out between October 2018 - December 2019,
during which the documentation on the game of oina, referring data, theoretical foundations of
the biomechanical analysis were continued. The criteria for including the subjects, the evaluation
methods used, the measurement techniques, the intended parameters were established.
In order to make the best selection, we studied the results obtained by the girls' teams at national
level, choosing as subjects for research the components of the team from C.S.M. Bailesti

Progress.

6.2.2.1. Characterization of the team

All the subjects included in the research had the quality of junior sportsmen Il and I of
the C.S.M. BAILESTI PROGRESS, legitimated within the Romanian Oina Federation, members
of the same team, following previously established training plans, having the same annual

training programme, therefore, the selection of these players was made by the coach.

6.2.2.2. The influence of anxiety in the hit with the bat on the subjects

The hit of the ball with the bat has a greater degree of difficulty in terms of finding the
optimum balance between the maximum height of the trajectory of the ball and its length, being
also linked to the way the co-player offers the ball to achieve the hit.

Thus, the fear of being hit or missing the hit of the ball, the concern of not delivering a
ball at the height required by the co-player or of not performing a hit that will bring points to the
team, the anxiety, uncertainty and distrust in the strength of their co-player lead to the
performing of a defective hit, at a bad timing or lack of coordination, which can put their mark

on the game.

6.2.2.3. Anthropometric characteristics, segmental morphological characteristics
The measurements were made on a batch of 17 sportsmen, aged 16-18 years from the
C.S.M. Biilesti Progress practitioner of the game of oina, who simulated in the laboratory the

strike with the specific bat of the game of oina.
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Table. 5 Values of the main anthropometric parameters of the analyzed subjects

Sportsmen Height [m] Weight [kg] IMC [kg/m?]
S1 1.68 64 22.68
S2 1.68 50 17.72
S3 1.78 60 18.94
S4 1.65 55 20.20
S5 1.64 55 20.45
S6 1.66 62 22.50
S7 1.69 58 20.31
S8 1.65 53 19.47
S9 1.62 49 18.67
S10 1.72 60 20.28
S11 1.64 58 21.56
S12 1.67 53 19.00
S13 1.60 50 19.53
S14 1.60 55 21.48
S15 1.62 97 36.96
S16 1.51 37 16.23
S17 1.63 49 18.44
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Table. 6 Calendar of research stages

2018 Etapa/lunile

01

02

03

04

05

06

07

08

09

10

11

12

Cercetarea preliminara

Documentarea n literatura de specialitate

Testare materiale sportive

N PR >

Tnregistrarea parametrilor de presiune cu
platforma RsScan

w

Evaluarea biomecanica si analiza rezultatelor
nregistrate

Cercetare experimentala

Selectia subiectilor si testarea initiala

Analiza biomecanica a executiilor

w| N |

Implementarea programului de antrenament
specific

Reevaluarea jucétorilor si validarea
rezultatelor

Prelucrarea, analiza si interpretarea
concluzilor finale

2019 Etapa/lunile

01

02

03

04

05

06

07

08

09

10

11

12

Cercetarea preliminara

Documentarea in literatura de specialitate

Testare materiale sportive

N R P>

Inregistrarea parametrilor de presiune cu
platforma RsScan

w

Evaluarea biomecanica si anlaliza rezultatelor
nregistrate

Cercetare experimentala

Selectia subiectilor si testarea initiala

Analiza biomecanica a executiilor

w| N |

Implementarea programului de antrenament
specific

Reevaluarea jucitorilor si validarea
rezultatelor

Prelucrarea, analiza si interpretarea
concluzilor finale

6.3. Research methods

* The method of bibliographic study

* Observation method

» The method of the pedagogical experiment

* Test method
* The investigation method

* Case study method
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» Methods of biomechanical analysis

* Graphical and table method.

* Statistical method

Among the methods of partial research applied in statistics, the selection process holds

first place today in terms of actuality and practical value. The objective of the research within the
selective method is not to know the partial collectivity but to characterize the total collectivity
from which the analyzed sample was selected. In this study, the selective research was carried
out on a limited selection community, given the small number of sportswomen performing the

game of oina and being legitimate at the national clubs.

Table. 7 Statistical parameters for the total collectivity and for the selected collectivity

Parameter analyzed | HEIGHT WEIGHT
the whole the whole
collectivity collectivity
the selected
collectivity the selected
collectivity
Average 1.65125 1.64875 | 56.5480769 56.4375
Standard deviation 0.0624684 0.059203 | 9.66715971 | 12.4738059
Median 1.65 1.645 56 55
Module 1.64 1.68 60 55
The minimum value 1.45 1.51 37 37
The maximum
value 1.79 1.78 97 97
Number of subjects 104 17 104 17
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CHAPTER VII
SPORTS TRAINING - BASIC PROCESS FOR OBTAINING

SPORTS PERFORMANCE IN THE OINA GAME

7.1. Sports training

As it is well known, the training of sportsmen is influenced by physical, technical,
tactical, theoretical and psychological training. The importance of all these in oina is given by
the competition calendar, slightly different from other sports branches as it starts in May and
ends in December. The trainer, depending on the possibilities of the club, referring to the
material basis: the insufficiently large room for playing the game of oina with 11 players,
establishes the planning and type of the training taking into account the particularities of the age,
training and health of the athletes.

The athlete who evolves in batting must adapt according to the evolution of the game and
the score by trying through the hit that he performs to score points or if he does not create an
advantage for teammates, thus allowing them to form fixed, mobile or semi-mobile groups.

It is well known that any failure with the bat can create a big disadvantage for the team
that performs the batting since some of the teammates will have to enter the game to be played.
Athletes need to understand that the ball must be hit with the bat, giving it a trajectory that
allows teammates the greatest advantage. For a better knowledge of the technical and tactical
elements we must have a good theoretical training, which depends on the ability of the coach and

the collectivity from which the team is formed.

Control tests
1. The hit with the bat / Simulation of the hit with the bat against time - 30 sec.
In particular, the execution speed is monitored (number of hits performed within 30 seconds).
2. The hit with the bat of the ball positioned on a support at a height determined on the basis of
anthropometric criteria.
This exercise aims to change the trajectory of the bat (the ball being thus hit at the optimum

height), so the correction of individual mistakes that can lead to a weak hit. At the same time, the
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aim is to hit the ball in the lower third of it to give both height and length to the trajectory of the
ball.

3. The player offers his bat for the ball (self-propelled ball), about 90-100 cm (the equivalent of
the length of the bat) upwards, to hit the ball at an angle of about 40%-45° from the bottom up.
Through this exercise the subject improves his coordination and speed of execution, he must
form his skill of hitting the ball at a certain point (called by us the optimal point).

4. The strike with the bat of a ball offered by the teammate. There will be 10 bats in the form of a
contest, with the aim of perfecting the strike itself, following the correction of individual
mistakes and making extra points.

5. The player is positioned facing the wall with a 1 kg medicinal ball, held at chest level with
outstretched arms. In 30 seconds he will try to perform as many throws with the ball in the wall.
This exercise aims to develop the specific strength (at the level of the torso and upper limbs, the

muscles involved in twisting the torso).

7.2. Training programmes for the hit with the bat in the oina game

The program contains exercises for developing the speed of the execution and the much-
needed explosive force in the batting, but also exercises in which the athletes learn and
strengthen their skills of hitting the ball from a certain angle to obtain a trajectory according to
the situation of the game. The number of repetitions has been increased being adapted according
to the particularities of each player and the tasks they have, according to the number they occupy
in the batting grouping. The correct execution of the movements was followed in order to
correlate the torsion angle with the speed of the bat on the two axes, horizontal and vertical.
Based on the identified evidence, we will try to develop a methodology to optimize the batting in

the game of oina.
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Training programme 1

Programme 1 Description Instructions Dosage
1
Execution of
the batting
| with the batat 6 halves, for
Simulation ofthe | .oim 30 seconds,
batting in the air | speed pause 1
minute
without a ball throughout
the entire
round
5 sets of 10
The player offers his : balls each of
To hit the ball the two

bat (self-propelled
ball), at
approximately 90-100

at an angle of
about 40°-45°
from the

athletes, one
performs 10

cm (the equivalent of | 1om hits and the
the bat length) other
upwards retrieves the
balls. The
players rotate
between
them.
Left - right
. . focus on the
Side passes with 1kg torso torso 6 halves, for
medicine ball on the 30 seconds,
wall pause 1
minute
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CHAPTER VIII

PRESENTATION AND INTERPRETATION OF RESULTS

8.1. The results of the application of the questionnaires in order to characterize the
team from the point of view of the influence of anxiety in the hit with the bat

50
40
30
20
10

Anxiety level

0
Anxiety  Anxiety  Anxiety
level high level levellow
trait medium trait
trait

Chart 1 Anxiety level

OAnxiety level

@ Total number of the girls

8.2. Interpretation of anxiety test results in order to characterize the team

Given the distribution of scores on state anxiety level, we can say that most girls experience

high anxiety under special conditions, respectively in competitive conditions. This form of

anxiety can have the following effects:
- Major shortcomings in breathing control;
- The imaginative visualization can be distorted,;

- Progressive muscle relaxation is not performed properly;

- Consciously asks for certain techniques of cognitive restructuring and control of

maladaptive thoughts.
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8.3. CASE STUDY
Sports woman S1
Anthropometric data: Age 18 years old, Height 1.68 m, Weight 64 Kg
Initial biomechanical evaluation in the laboratory of the S1 sportswoman, for the hit with the

oina bat

$1 2018 hit no. 1

uuuuu

o 7018 The speed of the bat along the fiel [mm/s]
=) 018 The speed of the bat in height Z [mm/s]
o 7018 100X The speed of the torsion angle [deg/s]

— 7018 The acceleration of the torsion angle [deg/s2]

Fig. 18 The results of the measurement of the no.1 hit, performed in the S1 sportswoman's
laboratory, before participating in the specific training: the variation of the speed of the bat tip
along the field (blue curve), on height (red curve) and the kinematic parameters of the torsion

angle of the S1 sportswoman.
It can be seen from the Figure. above that the maximum moments of the speed of the bat
(at a point where it hits the oina ball), along the field (blue curve) and in vertical direction (red
curve) are offset. The extreme moment of the speed of the torsion angle (green curve) is before
the maximum moment of the speed of the bat along the field (blue curve). These parameters
influence the trajectory of the ball on the field, which plays an important role in obtaining the

extra points that are necessary in the evolution of the game when the team evolves "at bat".
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$12018 hit no. 2
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o 7018 The speed of the bat along the fiel [mm/s]

=) 018 The speed of the bat in height Z [mm/s]
o 7018 100X The speed of the torsion angle [deg/s]

— 7018 The acceleration of the torsion angle [deg/s2]

Fig. 19 The results of the measurement of hit no. 2, made in the S1 sportswoman's laboratory,
before participating in the specific training: variation of the speed of the bat tip along the field
(blue curve), on height (red curve) and kinematic parameters of the torsion angle of the S1
sportswoman.

It is observed at this hit, that the extreme moment of the speed of the torsion angle (green
color curve) appears before the maximum moments of the speed of the bat (at a point where it
hits the oina ball), along the field (the blue curve) and vertically (the red curve). At the same
time, they are offset between them and the two maximum moments of the speeds of the tip of the
bat.

Specific training programme for the S1 sportswoman

The S1 sportswoman evolves the last one at the batting, in the position number 11, in the
order established by the regulation, having a great concentration power. Therefore, in the specific

training programme for this sportswoman, a greater precision of the hit with the bat of the oina
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ball placed on the support (placed on the sportswoman’s axis of symmetry) was insisted on, at a
fixed height, based on the anthropometric criteria. This programme led to a sportswoman's habit
of hitting the ball in the perpendicular position of the bat on the axis of the shoulders. In this
position, the maximum velocity of the bat tip appears on the two axes: vertical and horizontal.
In order to obtain the temporal coincidence of the speed of the bat tip with the speed of the
torsion angle of the sportswoman, the general training programme described above was

followed.

Evaluation of the S1 sportswoman, for the hit with the oina bat

The analysis of the 10 hits with the bat by categories of
results, for the S1 sportswoman

Hits over the bottom line 2 points over 65 meters I %

Hits in the back zone 2 points 60-65 meters —— 3

Hits between the flags 1 point 60-65meters | g

Hits in the three-gaurter zone 1 point 45-60 meters 2
Hits out of the edge lines .2 1
Hits inside the field 0-45 meters — %
Missed hits ~SESG_—T————=—S_ 2
0 0,5 1 1,5 2 2,5 3 3,5
M Final testing 10 hits to the bat Initial testing 10 hits to the bat

Fig.20 Comparative analysis of the hits with the bat, made in the field by the S1 sportswoman, at
the initial and final testing (after participating in the specific training)
There is an improvement of the batting with the bat by 10% for the hits in the three-
quarter zone hits in the 45-60m area, which bring 1 additional point compared to the initial test
and with 10% for the back zone (hits in the area 60-65m, which bring 2 additional points)

compared to the initial test.
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The analysis of the 7 hits on the field with the ball on the fixed support
for the S1 sportswoman

7
6
6
5
1
4
3
3 . .
2 2
2
1 1 1 1 1 1 1
. H BN HE B HE
0
Hits in the ball Missed hits Hits inside the field Hitsin the field n Hitsin the field n  Hitsin the field
65m 60-65m 45-60m 1-45m
M Initial testing hits to the bat on fixed support M Final testing hits to the bat on fixed support

Fig. 21 Comparative analysis by types of hits, performed in the pitch by the S1 sportswoman, at
the initial and final testing (after participating in the specific training), with the ball seated on a
fixed support

It is observed in the S1 sportswoman, after training, an improvement by 14% of the
strikes in the three-quarter zone (strikes in the area 45-60m, which bring 1 additional point)
compared to the initial testing and by 14% over the back zone (strikes over 65m, which bring 2
additional points) compared to the initial test.

The analysis of the 10 strikes in the pitch with the self-offered ball and
the ball offered by the teammate to the S1 sportswoman

10 ] 9 ] 9
5 3 433
2 2 2 2 2 2 2 2 2 2 2
1 1 11 1 l
o - S EEN 11 EEE
Hits in the ball Missed hits Hits inside the field Hitsin the field Hits in the field Hits in the field

65m 60-65m 45-60m 1-45m

| Initial testing hits to the bat self-propelled ball
B Final testing hits to the bat self-propelled ball
M Initial testing hits to the bat ball offered by the co-player

Final testing hits to the bat ball offered by the co-player

Fig.22 Comparative analysis by types of strikes, performed in the pitch by the S1 sportswoman,
at the initial and final testing (after participating in the specific training), with the self-offered

ball and the one offered by the teammate
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It is observed in the S1 sportswoman, after the training, that the number of missed hits
decreased, compared to the initial test, and it increased the hits in the three-quarter zone by 10%
(hits in the 45-60m zone, which bring 1 additional point) compared to initial testing. Having a
consistency in the 2-point hits, which determines the establishment of the place that she will
occupy when the team evolves "at bat", depending on the position duties.

The final biomechanical evaluation in the laboratory of the S1 sportswoman, for the hit with the

oina bat

512019 hit no. 3

uuuuu

nnnnn

e 2019 The speed of the batalong the field X [mm/s]
e 2019 The speed of the batin height Z [mm/s]
e 7019 100X The speed of the torsion angle [deg/s]

s 2019 The acceleration of the torsion angle [deg/s2]

Fig.23 The results of the measurement of hit no.3, made in the S1 sportsman’s laboratory, after
participating in the specific training: the variation of the speed of the bat tip along the field (blue
curve), on the height (red curve) and the kinematic parameters of the torsion angle of the S1
sportswoman.

It can be seen in hit no.3, that the two maximum moments of the speed of the bat (at a
point where it hits the oina ball), along the field (blue curve) and in vertical direction (red curve),
coincide with the extreme moment of the torsion angle speed (green color curve).

The temporal coincidence of the speed of the bat tip with the speed of the torsion angle of the

sporstwoman was obtained based on the general training programme described above.
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$12019 hit no. 4

e 2019 The speed of the batalong the field X [mm/s]
e 2019 The speed of the batin height Z [mm/s]
e 7019 100X The speed of the torsion angle [deg/s]

s 2019 The acceleration of the torsion angle [deg/s2]

Fig. 24 The results of the measurement of hit no.4, realized in the laboratory of the S1
sportswoman, after participating in the specific training: the variation of the speed of the bat tip
along the field (blue curve), on the height (red curve) and the kinematic parameters of the torsion
angle of the S1 sportswoman.

It is observed from the previous imagine, that the maximum moments of the speed of the
bat (at a point where it hits the oina ball), along the field (blue curve) and in vertical direction
(red curve), coincide. The extreme moment of the speed of the torsion angle (green color curve)
is almost coincident with the maximum moments of the speed of the bat, with a slight difference
in advance, of 5 frames (0.02 s).

In the first test of the batting with the oina bat (initial) on the field of June I, from balls
offered by the teammate, self-offered, batted from the fixed support, there were recorded 629 of
battings, 37 for each subject, where there were 208 hits to score, 173 from the field, 29 from
outside the line and 219 were missed (410 when the bat hit the ball and 219 failed to hit it.).
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At the final test, there were 629 hits, 37 for each subject, where there were 355 hits to
score points, 172 hits in the field, 12 hits outside the sidelines, and 90 missed hits (539 hits in
which the bat hit the ball and 90 in which it did not hit), with a 70% progress on hit points.
Subjects had a much more accurate hit mechanic biomechanics, being much more accurate in
batting, managing to gain much easier points.

We were able to determine what methodical indications can be used during the workouts
knowing that the angular velocity at the right arm is higher than the left one and that the angular
velocity of the left elbow is greater than the right elbow, imposing the development of a
muscular force of explosive type on the level of the right arm and left forearm, but also a
programme of muscular training in which the emphasis must be placed on the development of
the isometric type force, which will allow stabilization of the upper left limb and the right
forearm.

It was chosen to record the variation of the acceleration and the speed of the torsion angle
to see which methodical indication is more correct to determine the point on the bat where it hits
the oina ball, specifying the position where the horizontal speed and the vertical speed of the bat
are simultaneously maximum.

It is advisable to hit the ball when the tip of the bat has the maximum speed and not when
it decelerates executing a correct movement from the biomechanical point of view, in this way
we have a greater force of hitting the ball correlated with a better precision. The graphical
recordings made show that the equipment used in the analysis of biomechanical movements is
efficient, the subjects being able to make a progress that cannot be observed with the naked eye.
Seeing that the hit with the oina bat has a very short run time, | have been following the key
moments since the bat leaves to hit the ball, the moment of impact with the ball and its
deceleration. This helps us correct the executions to increase the efficiency of the hits with the
bat, implicitly the efficiency of the points obtained. We can thus develop the explosive force that
will support a batting as efficiently as possible.

All the conclusions presented above justify us to say that the biomechanical analysis and
the type of training developed and experienced by us have been validated and can be applied by

sportsmen to perform the hit with the oina bat.
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These results were reflected in the 2019 competitive year, when the women's team of the
C.S.M. ProgressBailesti won the National Championships of Romania in June I from Caseiu
Cluj-Napoca and seniors from Horia - Constanta.

8.4 Initial and final results at batting with an empty bat for 30 seconds and at wall

hits, with 1 kg medicine ball made in 30 seconds.

The evolution of the number of hits to the batin the air in 30
seconds, before and after the specific training (number of

hits)
35
30
25
20
15
10
5
0

S1 S2 S3 sS4 S5 S6 S7 S8 S9 S10 S11 S12  S13 S14 S15  S16 S17

M 30s the hit to the batinitial testing M 30s the hit to the bat final testing

Fig. 25 The evolution of the numbers of hits with the bat performed in the air in 30 seconds

| tested the subjects to observe their execution speed in the beat with the walking stick,
empty for 30 seconds. Compared to the first test, an improvement of the execution techniques
was observed. The athletes had the biomechanics in the battle with the more accurate foot stick,
but also a higher execution speed. The progress made by sportsmen between 15 and 40%, with
the exception of the S6 sportswoman who has a setback, because the beating with the empty

baton was made from the spot, being left-handed, she cannot take the step added.
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Evolution of the number of hits to the wall, with the 1 kg
medicine ball , produced in 30 seconds,before and after the
specific training (number of hits)
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s1 52 S3 sS4 S5 S6 S7 S8 $9  S10  S11 S12 513 S14  S15  S16 S17

m 30s the hit to the wall with the 1 kg medicine ball initial testing

=

%]

=

%]

B 30s the hit to the wall with the 1 kg medicine ball final testing
Fig. 26 The evolution no. of hits to the wall, with the medicine ball of 1 kg, realized in 30
seconds.

We tested the sportsmen to develop their explosive force in the batting with the oina bat,
using the medicine ball on the wall for 30 seconds. The sportsmen had a much better evolution
after the specific training. The progress made by sportsmen is shown in figure. 26, each having
an improvement between 12 and 40%.
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CHAPTER IX
CONCLUSIONS OF THE EXPERIMENTAL RESEARCH

In order to keep up with the evolution of sports performance in the oina game, we must
know the elements that generate or limit a progress in its evolution. With the help of the
biomechanics, specialists can identify new elements that prevent certain deficiencies that appear
during the hit with the oina ball, improving the training methodology by correctly using the
parameters that play a role in the batting of the ball.

In order to carry out efficient bats, we must have a physical training that optimizes the
factors of the sports training to make the difference, to win the game. The evaluation of the
physical training of the sportsmen must be performed periodically through tests and control tests.
Thus, we designed / elaborated the samples from the final experiment, taking into account the
physiological characteristics to determine the type of exercise according to the ability of each
spotrsman to respond to the training demands and the peculiarities of the role in the oina game.

The modernization of the investigation equipment and the training means correlated with
the interdisciplinary collaboration of the specialists can bring great benefits to the development
of the oina game.

As a result of the study, based on the results obtained, we can say that the torsion angle of
the trunk is a biomechanical parameter with which we can improve the speed of the bat tip
during the hit correlated with a training programme for sportsmen to hit the bat in order to gain
points, which can bring victory.

In the research activity we used information obtained from studying the few specialized
documents, some materials regarding the training of oina players, but also comparison with other
sports that use the bat to hit the ball. These helped us to better understand the parameters that
influence the batting.

Performing some measurements and comparative analysis of the values of speed and
acceleration of the torsion angle during the hit with the oina bat have shown us the correlation
that exists between them and the speed of the tip of the bat, determining that we recommend to
the coaches more attention in the training of batting with the bat.

The design and elaboration of the training project of the batting with the oina bat have

been the subject of a pedagogical experiment being carried out in full accordance with the
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training standards specific to the training, based on a set of general and specific objectives, but
also complex structures of exercises specific to the oina game, with direct reference to the batting
with a bat, with direct effect on the torsion angle of the trunk.

As observed in all the frames in the graphs, the torsion angle accelerations have values
close to zero, so the speeds of this angle have maximum values and coincide or almost coincide
with the maximum moments of the bat speed in the direction of the field (red curve) and in the
vertical direction (blue curve), thus having a good synchronization resulting from the workouts.

9.1. Limitations and own contributions to the research

Limitations - The purpose and objectives of the research were stopped at the level of a
case study on the SCM ProgresulBailesti team, so the results cannot be generalized, but in order
to have a wider effect this programme can be applied on several teams at national level. A
limitation of our research is given by the few sources of documentation that aim at training under
all aspects of the oina players.

Contributions - The actuality and the necessity of the approached topic has determined
us to use scientific research equipment at the highest level of performance in the oina game, thus
contributing to the enrichment of the research in the field of Sport.

A personal contribution is the elaboration of the work programmes in the batting with the
bat, these being realized as a result of the complex laboratory evaluations. We consider this
approach a useful one in our field, offering the possibility to other coaches to put this into
practice.

The creation of an algorithm for biomechanical analysis of the upper limb and the trunk
in the oina game opens the way to conduct extensive research, which will allow a training based
on scientific evidence in the oina game.

The elaboration of control samples is an element of novelty brought by this research.

Recommendations

As a result of the measurements and analyzes carried out, as well as the conclusions
drawn from the research activity carried out, we propose:

- Awareness of the sportsmen that they must hit the ball with the oina bat when it has the

maximum speed on both the horizontal axis and the vertical axis at an angle of 40-45 degrees;
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- The connection between the velocity of the bat tip, the speed of the torsion angle and the length
of the hit is materialized by the number of points obtained from the hit with the oina bat;

- Organizing trainings in order to correlate the biomechanics of the bats with the tasks of each
sportsman, depending on the number that he occupies when performing the batting;

- Use during the training by as many sportsmen as possible of the successfully experienced
training, representing a starting base, in the preparation of hitting the ball with the oina bat in the
performance teams;

- Development of a methodical guidance for the batting with the oina bat training project and the
extension of the biomechanical analysis for other technical elements.
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