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Abstract. Parallel bars is one of the six apparatus of men's artistic gymnastics all-
around, based on the great variety of elements performed on this apparatus, as well as of
the performing styles and ways of their training. The aim of this paper is to analyze
previous studies on parallel bars exercises, and the systematization of research papers
related to parallel bars exercises. In code of points (COP) for judging, as many as 168
elements are shown (FIG, 2015) which are performed and which must be performed at
competitions on parallel bars. In previous studies there are only 22 elements (13.5%) and
they were mainly related to the analysis of the performance techniques of the above
mentioned elements. There are no studies dealing with the methodical process of
achieving the ideal execution of an element. This only points to the fact that the studies on
parallel bars exercises, although conducted over a long period of time, are still in their
infancy. Considering the great perspective of elements and the possibility of their
upgrade, it is necessary to start with the stuides of elements which are performed through
support on the upper arms.
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INTRODUCTION

In artistic gymnastics, around 5000 exercises are performed, grouped into various
structural groups. In the current COP for evaluation of the International Gymnastics
Federation for the men's gymnastics (FIG, 2015) are evaluated by complexity approximately
1000 exercises, different coordination complexity, grouped on six gymnastic apparatus of
mens all-around. The parallel bars is one of the six apparatus of men's gymnastics all-around
competition, where there are currently 168 elements divided into 5 structural groups (Group |
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— Elements in support or through support on two bars; Group Il — Elements starting in the
upper arm position; Group Ill — Long swings in hang on one or two bars; Group IV —
Underswings and Group V — Dismounts). The modern competitive composition on this
apparatus contains mostly elements of swing and elements with a flight phase selected from
different groups, which are performed with transitions from different positions of support:
support on upper arms and hangs, on one or two bars, in the lateral and frontal position. The
aim is to show the potential of this apparatus and the ability of competitors (FIG, 2015).

Considering the great variety of elements performed on this apparatus, as well as
performing styles and ways of their training, there are a variety of studies that have been
conducted. There is a need to systematize all previous studies and identify the directions
for further studies. The first individual to deal with the systematization of previous
researches in artistic gymnastics was Prassas (1999), who classified gymnastic elements
into five categories: 1) pushing from a hard or elastic surface, 2) rotation in a vertical
plane around a fixed or flexible horizontal axis of rotation, 3) rotation in a vertical plane
around a vertical axis of rotation, 4) rotation in unsupported phase, and, 5) dismounts.
The author points out that the research on parallel bars is not extensive (Table 1). Basket
to handstand was studied by Takei, Dunn, Nohara, & Kamimura (1995) who compared
the (traditional) inner and (newer) the outer grip of bars in the realization of basket to
handstand. Quasi-static movement and press to handstand were studied by Prassas et al.
(1986). Prassas (1994, 1995) also examined techniques of two basic elements: the
somersault backward to a handstand and back flip dismount. The dynamics of both
elements were studied by Prassas & Papadopoulos (1998). Finally, a case study of double
back somersault dismount was presented by Manon & Deleva (1993a), who also
investigated the different kinds of forward somersaults.

Table 1 Review of biomechanical researches into men's artistic gymnastics
(Parallel bars — Prassas, 1999)

Analyzed element on the apparatus Information provided by research
Somersault backward to handstand The initial speed, torque, position of the body,
the dynamics of the front swing

Basket to handstand Positions of the body and body parts, speed and
angular speed, the differences between the inner
and outer grip

Somersault forward and backward on the  Linear and angular speed of the swing
parallel bars

Dismounts (stretched somersault The initial speed, moment of inertia, dynamic of
backward, double tucked and piked swinging, positions and angles of the body parts
somersault backward)

Prassas, Kwon & Sands (2006) indicated that the biomechanical researches in artistic
gymnastics has grown considerably in the past few years. However, most researches are
still focused on several attempts of generalization. Consequently, the understanding of
principles and basis of this sport, although improved, remain marginal with gaps in the
knowledge pertaining to technical characteristics of movement throughout this sport. The
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authors provided guidance for future biomechanical researches in artistic gymnastics in
relation to the collection of data during the two-dimensional and three-dimensional
recording, image size, as well as the method of analysis of obtained results, description,
simulation and optimization, and statistical procedures. The authors suggested that
researches on the parallel bars are not extensive. Gervais & Dunn (2003) came to the
conclusion that with a successful dismount there is a larger vertical acceleration when
leaving the bars, but smaller angular momentum than with less successful dismounts.
Kolar, Andlovic, & Stuhec (2002), who investigated the forward somersault on the
parallel bars and came to the conclusion that the preparation swing is the most important
swing for execution of the forward somersault.

The aim of this study is to analyze and systematize previous researches related to
exercises on the parallel bars. In this study a descriptive method was used — observation.
Scientific articles that were analyzed were collected on the internet by searching the
electronic publication of scientific journals in the databases of KOBSON, Mendeley,
PubMed and Google Scholar. During the search the following key words were used that
are related to the type of experimental treatment, the sample of respondents and outcomes
of experimental treatments: artistic gymnastics, parallel bars, exercises on parallel bars.

SYSTEMIZATION BASED ON QUANTITY OF PAPERS

This study included a total of 32 studies from the period from 1986 to 2013. For that
period it was noted that a maximum of four studies were published in one year.

Year 1986
Year 1987
Year 1988.
Year 1989.
Year 1990.
Year 1991.
Year 1992.
Year 1993.
Year 1994.
Year 1995.
Year 1996.
Year 1997.
Year 1998.
Year 1999.
Year 2000.
Year 2001.
Year 2009. _
Year 2010.
Year 2011.

Year 2002. -
Year 2003. -

Year 2004. _
Year 2005. _
Year 2006. _

Year 2007.

Year 2008. -
Year 2012, -

e —

Fi

Q

. 1 Number of studies per year

Thirteen journals were registered where the papers were published on the above
mentioned issues, of which eight magazines had the prefix "biomechanics" in their name .
This observation suggests that most of the studies are of a biomechanical character and
related to the analysis of the performance of element techniques. Most of them were
published in the proceedings of the conferences of the International Symposium of
Biomechanics in Sports. In these proceedings, a total of 10 papers were published. After the
mentioned symposium, most of them were published in the Journal of Biomechanics, five

papers, and in the Journal of Applied Biomechanics, four papers. In all other journals
three or fewer papers were published (Figure 2).
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International Symposium on Biomechanics in Sports

Journal of Biomechanics

Journal of Applied Biomechanics

Sports Biomechanics

Human Movement Science
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Sports Engineering
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Phisics Education

Journal of Sports Science

International Journal ofSports Biomechanics
Computer Methods in Biomechanics and Biomedical...

Applied Mechanics and Materials

Fig. 2 Number of papers per journals

SYSTEMIZATION BASED ON THE SUBJECT OF RESEARCH

The subject matter of the studies on exercises on parallel bars is quite diverse for the
analyzed period (Figure 3). In relation to all included studies, 35% (12 studies) treat the
problem of elements performed through the underswing (Underswings). After this group
of elements, in a slightly smaller percentage (23% - eight studies) we find studies of
elements that are performed by passing through the hang (long swings and a hang on one
or two bars) and elements that are performed from a support position (elements in support
or through support on two bars — 18% - six studies). The rest of the studies (by 12% or
four studies) treated the fifth specific requirement (dismounts) and other problems related
to the construction of apparatus and injuries. There were no studies of elements from the
second group (Elements starting in upper arm position). The aforementioned results are
partially consistent with the analysis of Prassas (1999), which states that the most
frequently investigated elements include: the somersault backward to handstand, basket
to handstand, somersaults backward and forward on parallel bars and dismounts
(stretched somersault backward, double tusked and piked somersault backward). Only
two studies treated the parallel bars as the apparatus, and the importance of elasticity of
the bars on the efficiency of exercises on parallel bars (Gros, Leikov, & Heisel, 1992;
Naundorf, Knoll, & Brehmer, 2009).
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Fig. 3 Subject of research in percents
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The first group — elements in support or through support on two bars

The following differences were studied:

1.
2.

different somersaults performed in support (Manoni & De Leva, 1993b);

wherein it was established that the maximum value of all the analyzed kinematic
parameters was determined for the most difficult exercises (double somersault
forward tucked to upper arm support);

the dynamic phase of swing forward which is performed due to the stretched
somersault backward and stretched somersault dismount;

5/4 somersault forward straddled to support and swing backward as a preparation
for the mentioned element (Kolar et al., 2002 — where it was noted that during the
swing in performing 5/4 somersault forward straddled to support, power and
torque are significantly greater than with the preparation swing);

successful and unsuccessful attempts of execution of stretched somersault
backward (Prassas, 1994 — wherein the identified kinematic parameters are in the
highest correlation with the marks given by qualified judges);

strength element, press to handstand with stretched arms (Prassas et al., 1986 — the
torque measurement could not specify the source of errors for gymnasts who have
difficulties learning and performing the analyzed strength element);

in addition to the above mentioned procedure, there is also the mathematical
modeling of the elements of the swing in support on parallel bars and the system
gymnast-bars (Linge, Hallingstad, & Solberg, 2006).

If we look at all the elements from first group that are represented in the COP (FIG,
2015), it can be seen that only 20% of the total number of elements (29 elements) were
studied.

The second group — elements performed in support or through upper arm support

No research has been recorded that examines this group of elements, while in the
COP as many as 27 of these elements are represented.

The third group — elements performed through a hang

Researches of this group of elements on the parallel bars are directed in the following
directions:

1.

One group of studies deals only with the glide kips, or elements where the post
active transfer of kinetic energy from the legs to the torso is represented (Popov,
1989). The focus is primarily on the following elements: glide kip and casts to
hang. Prassas et al. (2008) conducted research in order to examine the factors that
affect the result of successful execution of the glide kip on the parallel bars, where
the performance was evaluated by qualified judges. The authors present a system
of kinematic parameters which explain the evaluation of the judges with 72%.

The second group of studies deals with the giant swing or Kenmotsu element,
through a comparison of successful and unsuccessful attempts or by comparison
with giant swings to other apparatus. Prassas, Ostarelo, & Inoraj (2004) have dealt
with the problem of kinematics of giant swing, comparing successful and unsuccessful
attempts, and concluded that the success/failure in the realization of giant swing
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on the parallel bars can be more sensitive to the timing of actions of gymnasts than
to any other issue. Tsuchiya, Murata & Fukunaga (2001) compared giant swing on
the parallel bars with giant swing on the high bar and concluded that for effective
training of giant swing on the parallel bars the coach must take into account the
characteristic differences between apparatus. Giant swing on the parallel bars is
compared with giant swing on other apparatus in the research Prassas and Ariel
(Prassas & Aviel, 2005; Prassas, 2011), which state that with a few exceptions, the
results of the research on giant swing on the parallel bars reveal similar patterns of
movement with forms of movement of giant swing on other apparatus. Marked
differences are seen in the patterns of movement of the knee, elbow and radio ulnar
joint, which is attributed to the limitations imposed by the design of apparatus.

3. One comprehensive study took into account the problem of comparing certain
kinematic characteristics of seven exercises on the parallel bars that are performed by
passing through a hang on two bars, the difference between the elements (Bolkovic &
Cuk, 1995). They concluded that the speed of CBG (center of gravity of the body) is
lower during exercises of lower difficulty values, gradually increased with the
difficulty of the exercise and is the largest with the most difficult exercises. Also the
speed of the CBG in the preparatory phase is significantly higher during exercises with
bent knees.

From a total of 32 elements in this group, which are represented in the COP, eight

elements were explored, which is approximately 25%. The most common are studies of
giant swing.

The fourth group — underswings

It examines the problems linked exclusively to the element of basket to handstand. Only
one study deals with swing in the underhang (Delignieres, Nourrit, & Micaleff, 1998).

The research of the element basket to handstand can be systematized into studies
dealing with the kinematic analysis and descriptions of technique, studies that compare
successful and unsuccessful attempts and finally studies that compare different elements.

1. Kinematic analysis and description of performing techniques:

a) Velickovic, Kolar, & Petkovic (2006) investigated the basket with % turn to
handstand and give their kinematic analysis through four stages (two gravity
and two antigravity);

b) Guo & Jihe (2013) gave a kinematic analysis of the basket to handstand with %2
turn, which was performed by the top Chinese gymnast Teng;

c) Velickovic et al. (2011) conducted a study with the aim of performing a
kinematic analysis and determining the kinematic model of the element. The
movement is divided into a gravity phase (fall phase) and antigravity phase;

d) Yamada & Sato (2013) also worked on the kinematics of the basket to
handstand, but they focused on angular momentum. They indicated that
moments in the shoulder and hip joint are not correlated with the parameters of
the movement speed up, but significantly correlated with the movement speed
downward and forward;

e) Hiley & Yeadon (2012) examined two different ways of performing the actual
element. They used three optimization criteria for generating the performed
techniques of the basket to handstand and making simulation models: minimizing
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the peak moments in the joints, minimizing horizontal velocity before release
and maximization of angular momentum.

2. Comparing successful and unsuccessful attempts in order to detect the most
important kinematic parameters enables successful execution:

a) Hiley, Wangler and Predesku (Hiley, Wangler, & Predescu, 2009) worked on
the optimization of the basket to handstand through the analysis of successful
and unsuccessful attempts. Optimum simulation resulted in improved
performance through a combination of increased vertical speed and height of
center of gravity of the body in the unsupported phase;

b) Takei & Dunn (1996), based on the results of their study, indicated the
successful performance of the basket to handstand was more likely when
withdrawal of the hands is assisted with maximum effort until the center of
gravity of the body and torso are found high above the bars to allow the release
of bars at a high TT position, the high corner of the body, high vertical speed,
horizontal speed backward and angular inertia;

3) Velickovic et al. (2013) predicted the successful execution of the basket to
handstand and as the most important parameters cited the angular velocity of
the retroflexors in the shoulder joint, speed of the center of the shoulder joint
and angle values in the shoulder joint in first gravity phase, and then based on
the speed of the center of gravity of the body (CBG), speed of the shoulder
point and angular value in the hip joint in the second gravity and speed of
CBG, angle value in the shoulder and hip joint, as well as the angular velocity
of anteflexion in the shoulder joint in the third anti-gravity phase.

3. Comparison of different basket to handstand elements:

a) Takei, Dunn, Nohara, & Kamimura (1995) studied different grips during the
execution of this element and give priority to the internal grip.

b) Velickovic et al. (2005) compared the basket to handstand with the basket to
handstand with % turn. Taking into account the differences in the first two
gravity phases, they propose the basket to handstand as a methodical step in
training of the basket to handstand with % turn.

c) Yamada, Nishikawa, Sato, & Sato (2009) compared the baskets to handstand
with % and full turn around a longitudinal axis, that is, compared different
techniques (early and late turns) of performing turns around a longitudinal axis
with the above mentioned elements.

For this group of studies we can conclude that the focus of the work was exclusively
related to the study of the element Basket to handstand and its variations. The elements
cast to support and shot up to handstand on one bar have not been explored yet.

The fifth group — dismounts

This group deals with a wide variety of elements (23 elements in FIG COP), but did
not significantly study the selected period (five studies, or less than 25%). Only the back
rotation, double tucked somersault and stretched somersault were studied.

Manoni & De Leva (1993a) gave a biomechanical analysis and described the performance
of double back somersaults. Gervais et al. (2003) compared good and bad executed dismounts
double somersault backward and suggested the best differentiation between good and bad
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attempts. Naundorf et al. (2009) examined the elasticity of the bars during the execution of the
mentioned dismount and indicated that the typical force-time curve for gymnasts of
different performance levels is useful for fault detection of execution.

The stretched backward somersault on two occasions was explored by Prassas (1994;
1998). In the first case, the correlation of kinematic parameters and the evaluation of
judges was determined, and in the second case compared it to the front swing, which is
realized in the execution of element somersault backward to handstand and dismount
stretched somersault backward (already mentioned in the case of the first group).

It is important to note that there is a lack of studies that take into account forward
rotation and rotation around the longitudinal axis of the body. Few studies also focused
on the dismounts performed passing through a hang.

SYSTEMATIZATION BASED ON THE SAMPLE OF PARTICIPANTS AND ATTEMPTS

The sample of participants in the study ranged from 1 to 16, which indicates the difficulty
of collecting a larger sample when trying to process problems of exercises on parallel bars.
There are two exceptions when it comes to the sample of participants. In both cases the studies
included 53 participants, 53 contestants who took part in the national championships in Japan
and in United States, 1995 (Takei et al., 1995) and 53 contestants who took part in the national
championships in 1990 (Takei et al., 1996).

Several studies included only one participant, who performed one or more attempts of
different elements (Kolar et el., 2002, Velickovic et al., 2005, 2006, 2011, 2013; Wang Yao,
& Li, 2009; Guo et al., 2013).

Most of the participants were elite athletes. However, there are studies that dealt with
the comparison of elite and average competitors (Prassas & Kelley, 1986; Deligniéres et
al., 1998 Prassas, 2011).

The sample of attempts is very diverse and ranges from 1 to 15 attempts per competitor.
The sample of attempts can be systematized in the following way:

1. The sample of participants (one or more gymnasts) perform a single successful attempt
of an exercise which is the subject of study (Gervais et al., 2003; Velickovic et al.,
2005, 2006; Prassas et al., 2008). These studies were carried out with the aim of
providing a kinematic analysis and description of movement.

2. The sample of participants (one or more gymnasts) make a few successful attempts at
an element which is the subject of research, which includes most of the research papers
(Bolkovic et al., 1995; Takei et al., 1996; Kolar et al., 2002; Prassas et al. 2004;
Prassas et al., 2005; Yamada et al., 2009; Hiley et al., 2009; Prassas, 2011; Velickovic
et al., 2011, 2013; Hiley et al., 2012). These studies were carried out with the aim of
providing a kinematic analysis and description of movement and determining the most
important parameters for successful execution.

3. The sample of participants (one or more gymnasts) perform one or more successful
and unsuccessful attempts of the same element in order to make comparisons and find
errors in the performance technique (Prassas et al., 2004; Velickovic et al., 2013).
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SYSTEMATIZATION BASED ON METHODS OF ANALYSIS OF MOVEMENT

The method of kinematic analysis of movement is used in most studies. For further
processing of the data, kinematic parameters of movement are taken, as well as goniometric
parameters of mutual relations of various body parts, body relations, apparatus and areas.
The systems for obtaining kinematic parameters are very different, and the most influential
ones are the following:
1. Systems with a non-invasive approach (without using markers): APAS - motion
analysis system (Prassas et al, 1994, 1995, 1998, 2004, 2008, 2011; Velickovic et al,
2005, 2006, 2011, 2013); CMAS - system (Bolkovic et al., 1995; Kolar et al., 2002);
EMG - elite motion analyzer system (Deligniéres et al., 1998).

2. Systems with an invasive approach (with the use of markers): EMA - the elite motion
analyzer (Deligniéres et al., 1998); MCS - motion capture system (Hiley et al., 2009).

Plenty of researchers who focused on kinematic parameters, by using the inverse dynamic
analysis, also calculated the dynamic parameters (Prassas et al., 1986; Kolar et al., 2002;
Linge et al., 2006; Tsuchiya et al., 2001; Yamada et al., 2009). Naundorf et al., (2009) also
calculated kinetic parameters from kinematic parameters. Using a synchronized 2D video
analysis of movements of bars and gymnasts’ performance (2 cameras), they calculated the
force based on special calibration.

Cerulli, Caraffa, Ragusa, & Pannacci (1998) are the only ones who conducted a study
using data obtained from EMG (electromyography) analysis. The subject matter of this study
were shoulder injuries. The aim of heir biomechanical study was to make an EMG record of
shoulder muscles during exercises on the parallel bars and steel rings and determine possible
causes of injury.

Gros et al. (1992), using a special devices for dynamometry, examined the differences
between the old and newly constructed bars and they are the only ones who dealt with the
problem of parallel bars as apparatus and direct measurement of force. Similar studies have
been conducted by Naundorf et al. (2009), but without the use of direct force measurement.

SYSTEMATIZATION BASED ON METHODS OF ANALYSIS OF RESULTS
In terms of these criteria, studies can be systematized as:

1. Studies that only deal with the description of kinematic parameters where the
results were obtained in order to determine the model of techniques of analyzed
exercises. These studies are the most common ways of explaining the subject
matter of the research (over 60% of the recorded works). This group also includes
studies which conducted a simple comparison of the obtained results between:

a) the same kinematic parameters, of different gymnasts who perform the same
element (most common),

b) the same kinematic parameters, of different gymnasts who perform different
elements (fewer studies than in the previous group).

2. Statistical procedures, as an aid in solving research problems and the formulation
of final conclusions are not frequently represented in studies of exercises on
parallel bars. The most commonly used procedures are the correlation analysis and
analysis of differences:
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a) Correlation analysis:
= Pearson’s correlation coefficient:
— Used to determine the relation between kinematic parameters and
judges’ evaluation (Prassas, 1994);
— Used to determine the relationship between the same kinematic
parameters of gymnasts who perform similar elements (Kolar et al.,
2002);
— Used to determine connections between the different kinematic
parameters of the same element (Yamada et al., 2013).
b) Statistical significance of differences of arithmetic means:
= T—test:
— For differences in kinematic parameters between successful and
unsuccessful attempts (Prassas, 1994; Takei et al., 1996);
— For differences in kinematic parameters between two similar elements
(Prassas et al., 1998; Tsuchiya et al., 2001);
= Nonparametric tests:
— For differences in kinematic parameters between two similar elements
(Man-Whitney test — Prassas, 2011);
— For differences in kinematic parameters between successful and
unsuccessful attempts (Median test — Gervais et al., 2003).
¢) Regression analysis:
= The influence of a selected set of kinematic parameters on the efficiency of
execution estimated by judges’ evaluation (Prassas et al., 2008);
= Determination of kinematic parameters that have the highest influence on
the successful performance of an element (Velickovic et al, 2013).

CONCLUSION

Research papers that deal with exercises on the parallel bars mainly use kinematic
methods of analysis of movement. Methods which calculate dynamic parameters are
used to a substantially lesser extent . In the COP for judging, as many as 168 elements are
shown, which are performed and which can be performed at competitions, on the parallel
bars. Only 22 elements were investigated (based on the collected works) out of 168
elements. This only points to the fact that studies on exercises on parallel bars, even if
conducted over a long period, are still in their infancy.

Considering the great prospect of elements and the ability of upgrading, it is necessary
to start with the research of elements which are performed through support on the upper
arms (second group), since there is no research that examines this group of elements.
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SISTEMATIZACIJA DOSADASNJIH ISTRAZIVANJA VEZBI
NA RAZBOJU

Razboj je jedna od Sest sprava muskog gimnastickog viseboja, i imajuci u vidu veliku raznovrsnost
elemenata na ovoj spravi, kao i stilova izvodenja i nacina njihove obuke, postoji i veliki dijapazon
istrazivanja koja su sprovedena a vezana su za ovu spravu i vezbanje na ovoj spravi. Cilj ovog rada su
dosadasnja istraZivanja vezbi na razboju i sistematizacija istraZivackih radova vezanih za vezbanje na
razboju. U Pravilniku za ocenjivanje prikazano je cak 168 elemenata (FIG, 2015) koji se izvode i koji
se smeju izvoditi na takmicenjima na razboju. Od tog broja istrazeno je samo 22 elementa (13.5%) a
uglavnom su istrazivanja vezana za analizu tehnike izvodenja pomenutih elemenata. Nema
istrazivanja koja se bave metodskim postupkom dolaska do idealnog izvodenja nekog elementa.
Cinjenica je da su istrazivanja vezbi na razboju, i ako sprovodena u dugom vremenskom periodu, jos
na pocetku. Imajuci u vidu veliku perspektivnost elementa i mogucnost nadgradnje, neophodno je
zapoceti sa istrazivanjima elemenata koji se izvode kroz potpor na nadlakticama.

Klju¢ne reéi: sportska gimnastika, razboj, sistematizacija.



