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Abstract

Development and recognition of new gymnastics element is subjected to the evaluation of
difficulty and structural complexity of the skill. The authority over the procedure lies with the
Technical Committee of International Gymnastics Federation (FIG TC) and thus the
classification of an element is a result of the subjective perception of its members. The present
article pursued two goals. First, a method of biomechanical modelling was used to present a
new gymnastics element “Dimic” on parallel bars. Second, as the element “Dimic” was
evaluated with the same difficulty and placed in an identical position as “Bilozerchev” element
in the Code of Points tables, the accuracy of the evaluation was tested by comparing
kinematical characteristics of both elements. Measured subject was a gymnast AD, who for the
purpose of the study performed both elements. Kinematic analysis was performed with the help
of APAS 3-D video motion analysis system, using a model with 17 points and 15 segments. A
comparison of kinematic characteristics (movement of body centre of gravity and the supporting
left hand, the amount of rotation around the longitudinal axis) revealed significant differences
in a non-support phase of elements both in structural characteristics and the difficulty of the
execution of the skills. It can be concluded that the placement of the “Dimic” skill in the Code of
Points seems incorrect. A method used in the study could in future be used in order to more
adequately place new skills into the Code of Points.

Keywords: new skills, evaluation, Code of Points.

INTRODUCTION

Based on the structural complexity of conditions. Conventional character of
movements (Matveev, 1977) in individual artistic gymnastics defines the process of
sports disciplines, gymnastics has been managing  sportsmen in  gymnastics.
categorised into a group of conventional Conventionality of sports discipline implies
sports, which are characterized with that all motion/movements must be
aesthetic and physically determined acyclic performed in the context of a particular
sets of structures that can be carried out motoric model (prescribed by the experts -
either in standard or varied external convention), which could be called the ideal
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model of movement (IMM). IMM is
determined with the biomechanical model
of movement and is prescribed in the
regulations (Code of Points) for the
assessment by the International Gymnastics
Federation (FIG). Evaluation of the athletes
in conventional sports is carried out by
judges evaluating the performance of
motion content, which athletes demonstrate
in competitions. The criterion of evaluation
is based on the comparison between the
IMM and actually performed movement by
each gymnast. Therefore, the number and
the complexity of the elements, which the
gymnast masters and is able to successfully
(in accordance with regulations) perform at
the competitions, primarily define success in
conventional sports (Kolar, Samardzija-
Pavleti¢, & Velickovi¢, 2015).

Elements in the Code of Points (FIG,
2013) are assigned different difficulty
according to the complexity of their
movement. In sports training theory, term
motor  structure  technique (element)
represents a certain form of motion, which
is standardized and identified by name.
Motor technique and IMM in the
performance of gymnastics elements are
determined with the biomechanical model
of movement and its kinematic and dynamic
characteristics (Kolar, Pileti¢, & Velickovi¢,
2005, p. 12-13). Biomechanical modelling is
used to reveal relevant physical -
biomechanical model for the selected
element or movement in order to describe
the movement and define the technique of a
particular element with physical values. The
physical description of motion is required in
arbitrarily selected data in order to predict
the movement with numerical values of its
quantity, such as velocity, acceleration,
force, etc.

Biomechanical models of the elements
can be used for the different purposes.
When used only for the sake of analysis and
description of motion, biomechanical model
needs to be properly interpreted and
described with calculated kinematic and
dynamic parameters (Davis, 2005; Heng,
2007; Linge, Hallingstad, & Solberg, 2006;
Manoni, De Leva, Carvelli, & Mallozzi,

1992a; 1992b; Marinsek, Kolar, Pileti¢, &
Kugovnik, 2006; Prassas, 1994; Prassas &
Ariel, 2005; Tsuchiya, Murata, & Fukunaga,
2004; Velickovi¢ et al., 2011). Further use
of such biomechanical model is in the
planning of methodical procedures or in the
planning of physical preparation for
analysed movement (Cuk, 1996; Veli¢kovic,
2005; Velickovi¢ et. al., 2013). In the
evaluation of methodical procedures, it is
necessary to adequately explain each
methodical step, its adequacy and
advantages over other steps, and the reasons
for skipping individual methodical steps and
shortening the methodical process (Kolar,
Andlovic-Kolar, &  Stuhec,  2002).
Identification of errors during movements or
detection of inconsistency in  the
performance of the elements requires a large
number of repetitions of an element
(Gervais & Dunn, 2003; Hiley, Wangler, &
Predescu, 2009; Kolar, Pileti¢, Kugovnik,
Andlovic-Kolar, & Stuhec, 2005; Prassas,
Ostarelo, & Inoraj, 2004; Velickovi¢, 2005).
Introduction of new elements requires
mathematical  modelling of already
accomplished movements, when a different
body position is foreseen in the movement
performance (e.g. straight instead of tucked
position) or when rotation around the
longitudinal or transverse axes is added to
already accomplished movements (Cuk,
1996; Cuk, Atikovi¢, & Tabakovié, 2009).
Biomechanical model of skills can also
be used to compare skills and find
differences or similarities in the technique
and complexity of elements (Cuk, 1995;
Manoni, De Leva, Carvelli, & Mallozzi,
1992b; Velickovi¢ et. al., 2005). Such
comparisons should also be used when
setting a difficulty of skills and their
placement in the FIG Code of Points,
particularly in cases of new skills that have
previously not been included in the tables.
The study aims to fulfil two goals. The first
is a presentation of a new gymnastics
element “Dimic” on parallel bars. The
second is to use kinematic characteristics of
the skill for testing the correctness of the
decision made by the FIG Men’s Technical
Committee (MTC) about the difficulty of
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the skill and its placement in the Code of
Points.

Element “Dimic” on parallel bars has
been performed for the first time on
September 2 2011 at the World Cup series
competition in Ghent (qualifications).
Evaluation of an element from the FIG
MTC was following (FIG, 2013):

e clement was placed in a group I of

elements on parallel bars,

e clement was categorised as a D

difficulty element,

e clement was placed in box 110

together with Bilozerchev element.

As “Dimic” and “Bilozerchev” were
both placed in box 1.10 in the Code of
Points (see Figure 1), consequently
gymnasts are not allowed to perform both
elements in the routine. Nevertheless, the
following comparison of kinematical
parameters will reveal that the elements are
different in their movement structure.

METHODS

The sample is represented by A.D (age
27 years; body height 1.72 m; body mass 64
kg) a Slovenian men’s artistic gymnastics
national team member, a multiple medal
winner on parallel bars at the World Cup
competitions. Measured participant has
performed both elements in competitive
exercise (Bilozerchev between 2004 until
2011; Dimic from 2011 onwards).

Measurements and data analysis were
carried out in standard method, as
prescribed by 3D Ariel Performance
Analysis System (APAS). As part of the
kinematic analysis, digitization of the 15-
segment model (Dempster, 1955) of
competitor was conducted. Measurements
were performed on 07/09/2011 in Ljubljana
(SLO). Measured participant performed
both elements in training. Both elements
were recorded with the help of two
synchronized DVCAM - Sony - SR - 300
PK cameras, with a S0Hz framerate. Before
recording, and for precise space calibration,
two reference frames were videotaped
(1m?), which were positioned in the middle
of the parallel bars. Centre point of the

coordination system was at the centre
between the bars (Figure 5). For research
purposes, successful (without technical
errors) execution of each element was
evaluated by three international judges and
selected for further analysis.

For the presentation of new gymnastic
skill “Dimic”, a model by Smolevskij
(1992) was used to present a theoretical
biomechanical model of the element.

Sample of variables is represented with
selected kinematical parameters (trajectories
and angles), describing the most significant
differences in the movement of both
elements. For the purpose of the research,
following parameters were calculated:

e path (trajectory) of the body centre
gravity in z-axis (D_BCG z Dimic
and D BCG_z Bilozerchev);

e path (trajectory) of the supporting arm
in z-axis (D_L wrist z Dimic and
D L wrist Bilozerchev);

e rotation of the hip joint around
longitudinal axis (ROT hips Dimic
and ROT hips_Bilozerchev);

e rotation of the shoulder joint around

longitudinal axis
(ROT _shoulders Dimic and

ROT shoulders_Bilozerchev)
Finally, wvelocity in  horizontal
(V_BCG_x_ Dimic) and vertical

(V_BCG_y Dimic) axes in the element
“Dimic” was calculated in order to

appropriately present the new gymnastics
skill.

RESULTS

Element “Dimic” on parallel bars is an
element from group I, consisting of the
elements performed in or through support
on both bars. Movement in element
“Dimic” can be described in two ways
(Figure 2):

e as a “stutkzkehr” forward with 1/4
turn to handstand sideways on 1 rail
(Bilozerchev with 1/2 turn), or

e as a % turn in forward swing in
support with hop to opposite bar into
handstand on one bar, facing out.
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e According to the position of the
gymnast in relation to the apparatus
during  the  performance  of
movement  (Smolevskij, 1992),
“Dimic” skill can be divided into:

e support part (Figure 2; positions 1 to
7,

e non-support part (Figure 2; position
8) and

e support part on both hands on one
rail (Figure 2; positions 9 and 10).

Support part of the skill is represented

with a movement from the handstand to the
high forward swing (see Figure 2; positions
1 — 7). Movement in this part of the skill can
be approximated as a suppressed motion of
a two-segment stiff body (Opavsky, 1971).
In execution of the movement, the centre of
gravity of a subsystem forearm-upper arm
lies above the supporting area. Thus, the
entire system is supported above the point
of contact (grip) with the apparatus and acts
as a supported pendulum. The centre of a
second subsystem head-torso-legs acts as a
suspended pendulum and lies below the
shoulder axis, which represents a meeting
point of both subsystems. A supporting area
for the entire system is relatively small and
as a result maintaining of balance in swing
is difficult. In order to achieve swinging
with large amplitudes, it is imperative that
both mentioned subsystems are
simultaneously coordinated in opposite
directions (Marinsek, Kolar, Pileti¢, &
Kugovnik, 2006, p. 40). This leads to
oscillation of the body centre of gravity
(BCG) as close as possible to the vertical
line, which runs through the supporting
area. Nevertheless, the execution of more
difficult skills in support on parallel bars
require oscillation of the BCG in forward
and backward direction that is larger than
allowed by the supporting area. Such
deviations away from the supporting area
allow the gymnast a better exploitation of
swing that is required for the execution of
the succeeding skill (Marinsek, Kolar,
Pileti¢, & Kugovnik, 2006, p. 40). This is
achieved with an intermuscular coordination
of the entire system and the strength of arms
and wrists, which enables a strong grip of

the bars and results in a dynamic balance of
the entire system. Dynamic balance is a
term, which describes keeping the BCG
above the supporting area whilst the entire
system (i.e., gymnast) is in motion (Kolar et
al., 2005). The aim of dynamic balance is to
achieve positions enabling most optimal
execution of movement with only small
adjustments. According to the criterion of
the direction of force acting (Smolevskij,
1992), the supporting part of the skill can be
divided into an accumulation phase (see
Figure 2; positions 1 — 5) and work phase
(see Figure 2; positions 6 — 7).
Accumulation phase is represented
with a downward movement from the
position of handstand to the position of
lower vertical (see Figure 3; from t=0.0s to
t=0.52s). The characteristic of the
accumulation phase is that the body moves
in the same direction as the gravity acts,
resulting in the positive acceleration of the
body (+a). In work phase the gymnast
moves from lower vertical into forward
upward swing, in the opposite direction to
the gravity acting, which decelerates the
body (-a). According to this, gymnast
should acquire the highest velocity at the
point of transition from accumulation to the
work phase. However, some authors have
found that the movement of the BCG when
swinging on parallel bars is similar to the
yo-yo movement as seen when looking at
the trajectory of BCG, which describes the
U-path and not the circular path (Kolar,
Andlovic-Kolar, & Stuhec, 2002; Mannoni
et al. 1992a). The phenomenon could be
explained with the elasticity of the parallel
bars, acting on the gymnast according to the
action-reaction principle and the oscillation
of the shoulders (supported pendulum
motion) (Kolar, Andlovic-Kolar, & Stuhec,
2002; Kolar et al., 2005). In the moment,
when gymnast starts to move shoulders
backward (when suspended pendulum
crosses the horizontal position in the
accumulation phase; Figure 2; position 4),
BCQG starts to move closer to the supporting
area (angle in the shoulder joint (¢) is
getting smaller). As a result, radial force
(Fr) increases whilst the tangential
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component of the force (Ft) decreases,
whilst the force of gravity (Fg) is
represented with a product of gymnast’s
mass and the acceleration due to gravity
near the surface of Earth (9.8 m/s?) (see
equations la and 1b).

(a) Fr=Fg * cos¢

(b) Ft=Fg * sin¢

Increase of the radial force component
results in the increase of the force acting on
the surface (larger part of the body mass is
above the supporting area). As the force
acting on the parallel bars also increases, the
bars bend due to their elasticity (Figure 2;
position 5), which results in decreased
vertical velocity and increased horizontal
velocity of the BCG (see Figure 3; from
t=0.33s to t=0.52s). After the body passes
the lowest point of the movement (see
Figure 3; t=0.52s), gymnasts enters Work
phase and executes the movement from the
lower vertical to the moment of release with
supporting arm (see Figure 3; from t=0.52s
to t=0.93s). During this movement, the force
acting on the parallel bars continues to
increase for a short period (reaction
principle) and thus helps the BCG with
upward acceleration, transpiring in larger
vertical and smaller horizontal velocity of
the BCG (see Figure 3; from t=0.52s to
t=0.72s) (Marinsek et al., 2006; MarinSek &
Kolar, 2007). Gymnasts achieves the
highest vertical velocity (see Figure 3: Vy =
296 m's!; t = 0.68 s) just prior to the
release with the take-off arm (in this case
right arm) and transition to the one-arm
support (i.e., left arm) (see Figure 3: t =
0.72s).

Eccentric push sideways (in Z-axis)
with a take-off arm and the leaning on the
supporting arm results in the transverse axis
of the gymnast moving away from the
vector of angular momentum. The direction
of the latter allows the body of the gymnast
to commence rotation around the
longitudinal axis (Yeadon, 1999), which is
enabled by beginning the turn in a contact-
way (see Figure 2; positions 6). The turn
around the longitudinal axis is initiated with
the turn of the hips in the direction of the
turn (see Figure 4; t=0.66s) and the turn of

the shoulders, which first move into the
opposite direction (see Figure 4; from
t=0.66s to t=0.81s) and then in the same
direction as the body (see Figure 4; from
t=0.82s). Movement in this part of the skill
can be described as the combination of
translation and rotation around the
longitudinal axis. Gymnast uses
accumulated energy in order to execute
desired movement on the supporting arm to
the point of high forward swing (see Figure
2; position 7), whilst performing the turn
with the hips for 117.9°and shoulders for
87.2° around the longitudinal axis (see
Figure 4; from t=0.72s to t=0.93s).
Movement on the supporting arm in the
work phase ends when the gymnast
performs an eccentric take-off from the
parallel bars also with the supporting arm
(see Figure 2; positions 7). At this time,
gymnast begins a non-support part or
execution phase (see Figure 3 and 4; from
t=0.93s to t=1.31s) of the element. The
direction of the eccentric take-off with
supporting arm in the Z-axis is opposite to
the push from the take-off arm in the
moment of the transition onto supporting
arm. This leads to the body moving in Z-
axis into opposite direction to the supporting
arm (see Figure 2; positions 7 - 9). The
gymnast uses accumulated energy from the
support part of the skill in order to execute
desired movement in the non-support part of
the skill. Linear momentum acquired in the
support part of the skill will determine if the
gymnast will be able to end the skill in the
desired final position, whereas the angular
momentum mostly defines whether the
gymnast will be able to perform required
rotation around the longitudinal axis in the
non-support part (execution phase) of the
skill. In the execution part of the skill a
gymnast performs turn with the hips for
94.6° and with shoulders for 162.1° around
the longitudinal axis (see Figure 4; from
t=0.93s to t=1.31s). The movement in the
execution phase can be described with the
Principle of conservation of angular
momentum  (Prassas, 1999). Angular
momentum is a vector product of linear
momentum (G) and the lever (r) or the

Science of Gymnastics Journal

87

Science of Gymnastics Journal



Kolar E., Pileti¢ S., Bedenik K., Samardzija Pavleti¢ M., Stuhec S., Veli¢kovié S.: KINEMATIC...

Vol. 9 Issue 1: 83 - 96

product of angular velocity and the moment
of inertia of the body (J), which is equal to
the product of the lever squared (r’) and
mass (m) (see equations 2a, b and ¢):

(a) I=Gr=(mv)r
(b) I=Jo=Muo)o
(c) J = mr?

A gymnast can use the work of muscles
in order to change the moment of inertia of
the system. By reducing or increasing the
distance of the take-off arm (with the
supporting arm in extended position - see
Figure 2; position 8) from the axis of
rotation, the gymnast also reduces or
increases body moment of inertia and
consequently increases or reduces the
angular velocity. This enables a gymnast to
control angular velocity in the execution of
turning around the longitudinal axis in non-
support part and precise ending of the
execution phase of the skill (Marinsek et al.,
2006; Yeadon, 1999).

Non-support part of the skill ends at the
moment when a gymnast grabs the opposite
rail with the take-off arm, finishing in a
support part with both hands on one rail
(see Figure 2; positions 9 and 10). Due to
the acting of forces, the support part with
both hands on one rail can be -called
amortisation phase (see Figure 4; from
t=1.31s to t=1.52s), when a gymnast
finishes the rotation of the body around the
longitudinal axis into support position (see
Figure 4; hips for 35.2° and shoulders for
21.1°). Similarly to the work phase, in the
amortisation phase gravity acts in the
opposite direction to the muscular activity.
When a gymnast lands in handstand, the
impact of torques of all external forces onto
the body of the gymnast has to be equal to
the angular momentum in non-support part,
allowing the gymnast to finish the skill in
still position (Kolar & Pileti¢, 2005, p. 23).

A comparison of elements “Dimic”
and “Bilozerchev” on parallel bars reveals
some similarities between the skills. Both
elements start in the same position
(handstand in support on both bars) and
continue their movement in the same
direction into forward swing in support.

They are both performed on the same
supporting arm (left arm).

Both elements end in the same final
position (handstand in support sideways on
one bar facing out); nevertheless, an
important difference in these positions can
be noticed. Final position of “Dimic” skill is
on the opposite bar from the supporting arm
in handstand facing out while the final
position of “Bilozerchev” skill is on the
same bar as the supporting arm in handstand
facing out. Identified difference indicates
that the body centre gravity and other body
parts in execution phase of the element
“Dimic” travel on a longer path in z-axis
(deviation from centre of parallel bars — see
Figure 6: the difference in the position of
the BCG is 0.706m and the difference in the
position of the supporting left arm is
0.592m) in comparison to the element
“Bilozerchev”. During the “Dimic” element
— from the beginning of work phase on both
hands (t=0.52s) to the end of amortization
phase (t=1.52s) — the BCG travelled
0.440m, which compared to the element
“Bilozerchev” (travel of the BCG is
0.259m) reveals a difference of 0.181m
(69.9%). Similar results have been noticed
for the supporting left arm, which from the
beginning of work phase on support hand
(t=0.72s) to the end of amortization phase
(t=1.52s) travelled 0.595m in element
“Dimic” and only 0.003m in element
“Bilozerchev”, showing a difference of
0.592m.

Additionally, important difference
between the two elements was revealed in
the amount of rotation around the
longitudinal body axis (y-axis) in the
execution phase of each element. In the
element “Dimic”, body rotates for
approximately % of a turn (see Figure 7,
269.1° hips and 276.3° shoulders) around
the longitudinal axis, whereas in the element
“Bilozerchev” body rotates only for around
Ya of a turn (Figure 7, 87.6° hips and 88.2°
shoulders) around the longitudinal axis.
Difference between the elements in the
amount of body rotation around the
longitudinal axis is more than 2 turn or
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207.2% 1in hips rotation and 213.3% in
shoulder rotation (see Figure 7).

(Bilozerchev - Peters) (Dimic)

T QT i S —

I—i
v

Figure 1. Box 1.10 in Men’s artistic gymnastics Code of Points (FIG, 2013).

‘] %, 1
E TOGEASGO!): TOIGERS( i m z

Figure 2. Element “Dimic” on parallel bars.
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Figure 3. Velocity of the body centre of gravity (BCG) in vertical and horizontal axes in
element “Dimic” and description of different phases of an element according to the Smolevskij’s
(1992) model.
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Figure 4. Rotation of shoulders and hips around the longitudinal axis.
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Figure 6. Comparison of paths of BCG and supporting arm (left wrist) during both
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Figure 7. Comparison of hips and shoulders rotation around the longitudinal axis during both
elements.

Table 1
Comparison of the evaluation of elements with similar movement structure and different
quantity of turns around the vertical axis.

Element group Turl.ls Box Number .
(apparatus) Element around vertical (FIG, 2013) Difficulty
PP axis in (°) ’
Swing backward with 180° 1.68 B
Y turn hop ’
Swing backward with turn Swing backward with 270° 169 C
(parallel bars) % turn hop to handstand ’
Swing backward with o
1/1 turn hop to handstand 360 170 D
Backward uprise to o
handstand 0 11.26 B
Backward uprise to Backward uprise with 5
handstand Y turn hop to handstand 180 1127 ¢
(parallel bars) Backward uprise with
% turn hop to handstand on 270° 11.28 D
1 rail
. . . Flying giant swing 5
Flying g}ant swing backward with 1/1 turn 360 1.45 C
backward with turns Giant swing
(high bar) backward with hop 3/2 turn 240 1.63 C
Tkatchev stretched 0° 1116
Tkatchev Tkatchev stretched 180° .17 E
(high bar) with %2 turn
g Tkatchev stretched 360° 11118 F

with 1/1 turn
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DISCUSSION

An analysis of kinematic parameters of
movement in the element “Dimic” on
parallel bars has revealed that the skill is
performed in support on the bars and
consists of the support and non-support
parts. In the support part, when gymnast
moves from handstand to the high forward
swing, the activity of the gymnast aims to
produce sufficient linear and angular
velocity in order to execute desired
movement in a non-support part. During the
non-support part, gymnast moves the BCG
and all other body parts approximately 0.7m
away from the supporting arm (see Figure
6) and rotates the body around the
longitudinal axis by approximately 2 turn
(see Figure 4). Combined with the rotation
of body on a supporting arm in the support
part of the skill, the total rotation equals to
approximately % turn (see Figure 7).
Movement in the non-support part of the
skill mainly depends on the efficient
swinging in the support part of the skill
(Kolar, Andlovic-Kolar & Stuhec, 2002;
Manoni, et al., 1992a; 1992b). Movement in
the non-support part of the skill represents a
basis for the evaluation and classification of
the skill by the experts according to the
difficulty aspect and structural
characteristics of the skill. The experts from
the FIG MTC have matched the element
“Dimic” in the Code of Points (FIG, 2013)
with the “Bilozerchev” elements both from
the aspect of difficulty and from the
structural complexity of the movement. The
authors of the study consider this act as
incorrect, as the movement of the skills
differs in both difficulty and structure,
particularly in the non-support part of the
elements.

A comparison of kinematic parameters
of movement between the “Dimic” and
“Bilozerchev” elements revealed important
differences in the non-support part of the
skills, which are crucial in both elements
and determine their structural description,
complexity and difficulty. Successful
execution of “Dimic” skill requires from the

gymnast to perform larger movement of the
BCG and other parts of the body in space
(translation). Additionally, the gymnast
needs to perform approximately 2 turn
more (rotation) than in the skill
“Bilozerchev”. Findings indicate that these
two skills have from the kinematic
characteristics point of view different motor
structure and that “Dimic” skill is more
complex than “Bilozerchev” skill. Both
kinematic characteristics of movement (path
in meters and change of angle in degrees)
are in both skills mostly performed in a non-
support part (i.e., execution phase).
According to the principles of conservation
of linear and angular momentum, both
quantities remain constant in a non-support
part (as there are no external forces acting
upon them). Consequently, it is evident that
successful realisation of »Dimic« skill
requires considerably larger amount of
linear (translation of body) and angular
momentum (rotation of body) in comparison
to skill “Bilozerchev” (in the element
“Dimic”, the displacement of BCG is larger
by 0.181m or 70%, the displacement of
supporting left arm is larger by 0.595m, the
rotation of hips is larger by 181.5° or
207.2% and the rotation of shoulders is
larger by 188.1° or 213.3%). It can be
concluded that “Dimic” skill is more
difficult than the “Bilozerchev” skill.
Findings in kinematic characteristics
between the skills confirm the hypothesis
that the initial classification of “Dimic” skill
in the Code of Points (FIG, 2013, p. 116)
seems incorrect and unjust to the gymnasts
who can perform both skills and wish to
include them in their competition routines.
Classification also appears inconsistent with
some other decisions about placing the skills
into the Code of Points (FIG, 2013).
Namely, skills with the execution part being
performed mostly in the non-support part
that increase in the amount of turns around
the longitudinal axis, are characteristically
awarded higher difficulty or/and structurally
into different, independent boxes in the
Code of Points (FIG, 2013). Some examples
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of such classification are presented in Table
1.

CONCLUSION

Development of new skills in artistic
gymnastics is a process linked to a technical
knowledge  of individual  gymnast,
theoretical knowledge of a close coaching
team and the creativity of everyone involved
in the process. A result of such process is a
new gymnastics skill that has to be
successfully performed in an official FIG
competition in order to be evaluated through
the decision of the FIG MTC. Evaluation
process is an important part of the process
as it determines the difficulty of the skill
and its classification in the FIG Code of
Points according to the structural
characteristics of the skill. Evaluation
process is carried out independently of the
creators of the new gymnastics skill and
entirely depends on the group of experts
within the FIG TC, i.e., on their knowledge
in the area of rational judgement of
structural complexity of gymnastics skills.

The article used a method of
biomechanical modelling and an analysis of
kinematic characteristics of movement in
order to present a new gymnastics element
“Dimic” on parallel bars. According to the
opinion of authors, the skill seems
incorrectly classified by the FIG MTC in the
Code of Points (FIG, 2013, p. 116). Namely,
a comparison with skills that the FIG MTC
members matched in both difficulty and
structural complexity revealed that the
“Dimic” skill is more complex from the
aspect of kinematic characteristics and
provision of linear and angular momentum
than the skill “Bilozerchev”. Furthermore,
the study revealed that the classification of
“Dimic” skill did not follow the guidelines
for classification of other skills, which are
similar in the type of movement, but differ
one from another in the amount of rotation
around the longitudinal axis in a non-
support part of the skill. As a result, the
authors suggest that the FIG MTC places
the element “Dimic” in a separate box in

Code of Points and classify the skill as a D-
value element.

Finally, the authors consider the
classification of new skills and evaluation of
their difficulty to be a complex process,
which should not be left only to the
subjective judgement of experts. The
process should be primarily based on the
use of methods that allow precise
understanding of technical characteristics
and motor structure in new skills. The
article presents such method and its use.
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