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Abstract

An important element of effective athlete selection and training quality management is the monitoring of the
functional state. This process is based on the analysis and prediction of the dynamics of morph functional
features. The aimed of this paper is the recommendation of an innovative methodology for predictive selec-
tion in wrestling compared with martial arts, using Wald sequential analysis.

Six anthropometric indices and 20 goniometric indices were determined. Four physical development indices
were calculated on their basis. The 26 elite athletes were divided into groups. The first group 11 wrestlers
(Greco-Roman and freestyle wrestling), 18.36 +0.34 years. The second group 15 martial arts/combat sports
athletes (karate, taekwondo), 17.93 +0.26 years. A selection prognostic table was developed, containing phys-
ical development and goniometric indices. The selection procedure consists of evaluating the results, deter-
mining the corresponding coefficient, and summing up these coefficients until one of the prognostic thresh-
olds is reached.

The informativeness of the indices ranged from 286.95 to 9.80 The value of the positive (+) threshold was
20 (p<0.01), and the negative (-) threshold was 13 (p<0.05). Exceeding the positive threshold indicates an ath-
lete’s perspective in wrestling. Reaching a negative threshold corresponds to the perspective in martial arts.

The most significant predictors of selection are the indices of shoulder width, Erisman, and wrist power in-
dex. Simplicity, informativeness, and specificity of the used tests permit to recommend this method for using
in monitoring of the functional state of martial arts athletes.
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Tactics - plural noun the art
of finding and implementing
means to achieve immediate
or short-term aims [28].

Technique- noun a way of
performing an action [28].

Combat sport - noun a sport
in which one person fights
another, e.g. wrestling, boxing
and the martial arts [28].

Martial arts - plural noun
any of various systems of
combat and self-defence, e.g.
judo or karate, developed
especially in Japan and Korea
and now usually practised as
a sport [28].

Main relationship between
combat sport and martial
arts - “every combat sport
is martial arts but not vice
versa' [29, p. 18].

Tarung Derajat - is a martial
art originating from Indonesia
created by Haji Achmad
Dradjat. He developed

his technique through his
experience fighting on the
streets in the 1960s in
Bandung. Tarung Degrees

is officially recognized as

a national sport and is used as
a basic self-defence exercise
by the Indonesian Army and
Police Mobile Brigade [30].

Tarung Derajat - is a self-
defence art sport that utilizes
a combination of the power
of movement of muscles,
brain and conscience in

a realistic and rational way,

in the learning process and
training the movements of

all members and organs and
other important parts, in
order to possess and apply
five elements of moral power,
among others, namely;
strength, speed, accuracy,
courage and tenacity. Five
elements of moral power

are inherently dynamic and
aggressive in a system of
resistance or self-defence
movements, as well as
patterned in techniques and
tactics and defence strategies
that are practical and effective
for a defence [8].

Pencak silat - in Western
writings sometimes spelled
“pentjak silat” or phonetically
as “penchak silat”) is an
umbrella term for a class of
related Indonesian martial

arts. In neighbouring countries,

the term usually refers to
professional competitive silat.
It is a full-body fighting

form incorporating strikes,
grappling and throwing in
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INTRODUCTION

Selection and prediction problems are among the
leading problems in sports science. An important
element of effective athlete selection and train-
ing quality management is the monitoring of the
functional state. This process is based on the
analysis and prediction of the dynamics of morph
functional features.

Modern sports science is characterized by the
search and development of innovative methods
of training and evaluation of athletes’ training
efficiency. The leading place belongs to effective
methods of selection for various sports and pre-
diction of their skills. The implementation of inno-
vations makes it possible to solve strategic and
tactical issues of athletes’ training more quickly.

Various methods are currently proposed for
selection. In the study by Nagovitsyn et al. [1]
developed an original approach to selection in
martial arts. It is based on the analysis of the har-
monic stability of fighters’ results in competitions
during their sports career. The smaller is the devi-
ation of the harmonic mean from the arithmetic
mean of a wrestler, the more stable is his com-
petitive result.

Boronnikova et al. [2] used genetic analysis for
selection in martial arts. The obtained results
reflected the process of sport selection: in ath-
letes with a longer sport experience, favourable
genotypes and alleles were detected with a sig-
nificantly higher frequency than athletes with
short sport experience. Presence of favourable
genotypes should be considered along with other
factors that influence the progress of athletes in
sport career.

Psychophysiological techniques are widely used in
martial arts for selection and prognosis [3, 4]. They
allow estimate the functional state of the ath-
letes’ nervous system. An increase in the strength
of nervous processes and an improvement in the
reaction rate to different stimuli under the influ-
ence of regular training loads are confirmed. These
should be evaluated as predictors of the success
of taekwondo athletes [4, 5].

A promising way to improve the selection in mar-
tial arts is the use of functional tests and trials [5, 6,
3, 4]. The development of standards for such tests
makes it possible to significantly increase their
effectiveness. The aim of Franchini et al. [6] was

to develop such a table based on the results of the
Wingate test for judokas of different weight cate-
gories. The validity of the created table in assess-
ing the condition of the athletes was confirmed.

A set of tests used for the selection and predic-
tion of success in judo is presented in the study by
Jagietto et al. [5]. The authors used a physical fit-
ness test and a special physical fitness test in judo,
investigated aerobic and anaerobic performance
and studied the features of the athletes’ physique.
It is concluded that this approach improves the
accuracy of selection and prediction.

Alnedral et al. [7] investigated the correla-
tion between the quality of selection in Tarung
Derajat martial arts sports of Indonesia and sub-
sequent athletic success. Poor selection signifi-
cantly reduces the possibility of qualification and
reduces the chance of success.

The methodology of selection in Indonesia pen-
cak silat is proposed in another study [8]. The
basis of the methodology consists of criteria,
which ensure the reliability of performances at
competitions. Practical testing of this method
confirmed its effectiveness.

The importance of cross-cutting training and
selection in martial arts is discussed in the study
by Siegelman et al. [9]. A variant of such a selec-
tion was developed for sambo wrestling. The
developed approaches facilitate the selection
of the most promising persons for the prepara-
tion of highly qualified athletes. The continuity of
approaches increases the popularity of the sport.

Another study discusses the lack of a unified
methodological system of selection in martial
arts [10, 11]. The authors determined the depen-
dence of the dynamics of sports results of highly
qualified athletes on the procedure of sports
selection (on the example of Greco-Roman wres-
tling). The dependence of stability indicators on
the procedure of athletes’ selection was revealed.
Athletes who passed the selection procedure
show higher stability of competitive results.

Gaps in the selection system in taekwondo are
noted in the study by Lara et al. [12]. The system
of information collection and classification of ath-
letes is an effective tool for improve the selection
in this sport. The need for such a system is due
to the Olympic level of the sport.
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The development of effective techniques
depends on the selection of informative crite-
ria. Anthropometric characteristics and physical
fitness indices were used to predict competi-
tive success in female karate athletes [13].
Significant differences in agility, strength, and
overall physical fitness of elite athletes com-
pared with the sub-elite were confirmed. It was
suggested to emphasize the development of
these qualities in training.

Another study proposed the use of anthropomet-
ric indicators for the selection and prediction of
the physical fitness of judo athletes [14]. Linear
regression analysis confirmed the presence of
a correlation between the criteria under study.
It is concluded that training programs should be
aimed at increasing muscle mass and reducing
fat. The percentage of bone content can be con-
sidered in the selection of athletes.

The aimed of this paper is the recommenda-
tion of an innovative methodology for predictive
selection in wrestling compared with martial arts,
using Wald sequential analysis.

MATERIAL AND METHODS

Participants

The study involved 26 elite athletes (candidates
for master and master of sports), who were
divided into groups. The first group 11 wrestlers
(Greco-Roman and freestyle wrestling), age 18.36
+0.34)years. The second group15 martial arts/
combat sports athletes (karate, taeckwondo), age
17.93 +0.26 years. The average age and skill level
of the groups did not differ significantly.

Design

The study design included determination of
6 anthropometric indices and 20 goniometric
indices. Anthropometric measurements were
performed according to the requirements of
international unified methods [15]. Body length
and weight, chest circumference in the pause,
shoulder diameter, and handgrip force of both
hands were determined. We used a battery of
special indices based on the indices under study.

The amplitude of movements in the hand joints
was determined using an electronic goniome-
ter IGaging® (China). We performed 2-3 mea-
surements of the same movement and recorded
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the maximum values. Flexion, extension, abduc-
tion, and adduction were determined at the wrist
and shoulder joints. Flexion and extension were
determined on the elbow joints.

The shoulder width index was found as a ratio
of shoulder diameter (cm) to body length (cm),
expressed as a percentage. A value of 24% was
taken as the norm.

Erisman index was found to be the difference
between the chest circumference (cm) and half of
the body length (cm). Proportional physical devel-
opment is characterized by a positive value of this
index. Its value in athletes is not less than 5.8 cm.

The power index was determined as the ratio of
the handgrip force (kg) to the body weight (kg),
expressed as a percentage. A value of 50%-75%
was taken as the norm.

Livi index (LI) was determined by the formula
(Equation 1):
LI = CCP/BL (Eq. 1)

where: CCP is the chest circumference in the
pause (cm), BL is the body length (cm).

The average Ll is equal to 50%-55%.

Statistical analysis

Statistical analysis of the obtained data was per-
formed using licensed MS Excel. We determined
the median of the used indices and calculated
the prevalence of indices more and less than the
median in each group.

Wald sequential analysis [16, 17] was used as
a tool to solve the problem of prognostic selec-
tion. The method is a prognostic table, which
includes indices coefficients and their informa-
tiveness. Predictive selection coefficients were
calculated using the formula (Equation 2):

PC =10x log {[(p1 x D1/S))/[(p2 x D2/S)]} (Eq. 2)
where:

PC is predictive coefficient;

S is the total number of people in the group;

D1 is the number of test persons who had a value
more than the median value in group 1;

D2 is the number of test persons who had a value

© ARCHIVES OF BUDO SCIENCE OF MARTIAL ARTS AND EXTREME SPORTS

addition to weaponry. Every
part of the body is used and
subject to attack. Pencak silat
was practiced not only for
physical defence but also for
psychological ends. There are
hundreds of different pencak
silat styles (aliran) and schools
(perguruan) which tend to
focus either on strikes, joint
manipulation, weaponry,

or some combination

thereof [Wikipedia].
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more than the median value in group 2;

pl is the probability of exceeding the median
value in group 1;

p2 is the probability of exceeding the median
value in group 2.

The predictive coefficients in the case of the
value lower than averages were found similarly.

The informativeness is calculated by the formula
(Equation 3):
I=PCx0.5x[(p1xD1/S)l/(p2x D2/S)]. (Eq.3)

where, | is the informativeness; other designa-
tions are the same as in the Equation 1.

RESULTS

The main result of our research comes down to
explaining the methodological procedures for
creating this method. The empirical data, as the
most important element of these procedures,
are presented in Table 1. The table consists of
the name of the indices, the value of its coef-
ficients for the selection in wrestling and mar-
tial arts, and informativeness. The indices in the
table are placed in the order of decreasing infor-
mativeness. This approach reduces the number
of steps in the selection procedure and decreases

the probability of errors. The indices with infor-
mativeness less than 9.80 were excluded from
the Table 1.

The method of selection is as follows. Participants
were examined anthropometrically and gonio-
metrically. Anthropometric examination includes
determination of body length and weight, chest
circumference, shoulder diameter, and handgrip
force. The shoulder width, Erisman and Livi indi-
ces, and power index were calculated based on
these indicators.

Goniometric examination includes the determi-
nation of abduction, reduction, and flexion of the
wrist joints. A goniometric study of the ampli-
tude of movements in the elbow and shoulder
joints was performed. These indicators had less
informative value. Therefore, they were excluded
from the table.

The results obtained are compared with those
given in the table. If the values are equal to or
more than those given in the table, a positive
coefficient is chosen. If the indicators are less
than those given in the table, a negative coef-
ficient is chosen. The coefficients were consis-
tently summed up. If in the process of summation,
a value of +20 or -13 is reached, the selection
process is considered to be completed. In the first
case, an athlete is recommended for wrestling.

Table 1. Predictive selection method in wrestling compared with martial arts.

Coefficients of selection

Indices Informativeness
wrestling martial arts

Shoulder width index of more than 24 % 16.32 —2.08 286.95
Erisman index of more than 5 cm 11.55 —2.08 152.29
Abduction of the wrist left joint more than 49.90° 3.39 -3.88 66.74
Wrist power index of the left hand at least 50 % 9.51 -1.29 47.02
Abduction of the wrist right joint more than 40.55° 2.02 =217 23.83
Reduction of the wrist right joint more than 42.0° 2.02 =217 23.83
Flexion of the left wrist joint more than 70.8° 2.02 =217 23.83
Livi index of more than 50 % 9.12 —-0.32 15.03
Reduction of the wrist right joint more than 40.10° 135 -1.21 9.80
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He would be suitable for such training with 99%
probability (p<0.01). In the second case, the ath-
lete is recommended for martial arts. The prob-
ability of a correct recommendation is 95%
(p<0.05). If none of the thresholds is reached,
a decision is made about the uncertainty of selec-
tion. Here, additional studies are recommended.

DISCUSSION

The method of selection in wrestling compared
with martial arts is based on the indexes of phys-
ical development and goniometric indices. The
legitimacy of the selection criteria is confirmed
by the available literature data. The indices illus-
trate the level of athletes’ muscle development,
their strength. This quality is one of the main for
success in martial arts.

The informativeness of physical development
indices for predicting success in sport has been
confirmed by a number of studies [18-21]. The
indices are characterized by simplicity, clarity,
and informativeness. The quantitative nature
of the indices predetermined their use in mon-
itoring the functional state of martial arts ath-
letes [18]. The availability of the developed
scales of the indices assessment greatly facili-
tates their evaluation and allows their use for
improving training. The dynamics of the indices
in the process of training make it possible to
evaluate its effectiveness. This should be eval-
uated as the implementation of the feedback
principle. This principle refers to the basic prin-
ciples of the monitoring design.

The consideration of the specific impact of the
sport on the athlete’s body is critical in the selec-
tion and prediction of success. Flexibility and an
increase in the amplitude of movements in the
joints are essential to success in martial arts.
This is what led to the inclusion of goniometric
indices in the methodology. Goniometry is quite
effective for the prognosis in such sports, where
flexibility and stretching determine the achieve-
ment of success. Artistic swimming is one of such
sport. The possibility of using goniometric indi-
ces and flexibility tests for selection and predic-
tion in this sport has been confirmed [22]. The
developed method was also based on the use of
sequential analysis.
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The results obtained confirm the available litera-
ture data. Goniometric indices made it possible to
differentiate martial arts athletes according to the
level of training [23]. It was confirmed that static
and dynamic joint flexibility contributes to a high
level of performance and can be used for initial
selection and evaluation of training effectiveness.
Similar results were obtained in another study [24].
The use of goniometric techniques confirmed the
large amplitude of movements in the main joints.
It was shown that the level of flexibility refers to
predictors of success in karate and jiu-jitsu.

The developed method of selection is based
on the Wald sequential analysis. This method
is widely used in biomedical studies [16, 17]. Its
important advantage is the possibility to choose
the prognostic probability. It can vary between
80%-99.9% depending on the selected thresh-
old value (8-30 points).

This method is widely enough used in sports sci-
ence for selection, prediction of success, and
growth of sportsmanship [22, 25]. The advan-
tage of this method compared to other methods
is the consideration of the informativeness of
the used indicators. The indicators are arranged
in the selection table in the order of decreas-
ing informativeness. It allows to improving the
quality of selection and prognosis, focusing on
the most significant criteria. Indicators with less
informativeness are excluded in the table. This
allows simplifying the selection procedure, reduc-
ing the number of techniques used, and remov-
ing unimportant criteria.

To obtain a reliable result, 7-10 indices should be
included in the table [17]. The developed method
included 9 indices. This allows it to be considered
informative.

Statistical and mathematical methods are widely
enough used in sports science for selection and
prognosis. In the study by Nagovitsyn et al. [1],
the perspective of Greco-Roman athletes is esti-
mated by the closeness of average arithmetic
and average harmonic performance. However,
the proposed method has a significant disadvan-
tage - it is retrospective and cannot be applied
in novice athletes. Whereas the method devel-
oped by us is intended for use exactly at the ini-
tial stages of training.

© ARCHIVES OF BUDO SCIENCE OF MARTIAL ARTS AND EXTREME SPORTS
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Binary logistic regression models were used to
predict the competitive success of women in
karate [13]. The results obtained make it possible
to classify the athletes according to their skill level
and to predict their athletic success in the future.

Lara and Estévez [12] suggested using developed
models to improve the selection of taeckwondo
athletes. These models are based on methods
such as the “Decision Tree” and “Reference Vector
Method"”. Their implementation in the practice of
the Taekwondo Federation of Ecuador confirmed
their effectiveness.

A significant advantage of the sequential analy-
sis method is considering the informative value
of the indicators used. With the proximity of the
value of selection coefficients, different locations
in the table cause different values of the signs.
The informativeness of the indices determines its
contribution to the selection procedure. Similar
results are given in another study [10, 11]. The
insufficient objectivity and informativeness of
motor tests used for selection in Greco-Roman
wrestling is determined.

Another study [8] used a selection method
based on the comparison of real and ideal ath-
letes. The method was called Technique for Other
Preference by Similarity To Ideal Solution method.
Calculating the proximity of the data of a real ath-
lete to the ideal athlete allows for quality selec-
tion and prediction.

A cluster analysis of morph functional indices of
judo athletes of different levels was performed to
predict their performance [5]. It is concluded that
the applied method allows determining the fac-
tors that are most strongly associated with con-
dition performance in judo.

The analysis of elite athletes’ state was used
to develop a predictive selection method. The
choice of this design is based on the fact that high
levels of certain indicators allowed these athletes
to reach a high level of proficiency. This study
design allows for a significant increase in the
effectiveness of the analysis. It is supported by
the available results. In a study by Sung et al. [26]
confirmed the correlation between morph func-
tional indicators and training organization in elite
taekwondo athletes. The main tool for the state
control was the determination of physical devel-
opment indices and somatotype components.

The shoulder width index is the most informa-
tive of the indices used. It should be evaluated
as the most powerful for wrestling selection. This
index illustrates the development of shoulder gir-
dle muscles. This increase suggests an increase in
muscular strength. This is a factor for increasing
success in wrestling. This conclusion is confirmed
by the available results [18]. Wrestlers and kick-
boxing athletes had a better development of the
shoulder girdle compared with the representa-
tives of martial arts. The results confirm the avail-
able data on the importance of shoulder width
and indices based on this criterion for the selec-
tion and prediction of success [27].

The Erisman index must be recognized as quite
powerful and informative. This index allows
evaluating the development level of chest and
back muscles. The development of these muscle
groups should also be evaluated as a predictor of
selection and success in wrestling.

It is interesting, that the sum value of the first
two indices for the selection in wrestling is 27.87.
This is significantly higher than the threshold
value for 95% probability (+ 13). This fact should
be interpreted as a confirmation of the impor-
tance of the development of the chest, back, and
shoulder girdle muscles for success in wrestling.
Also, such a significant value of the first two indi-
ces made it necessary to increase the probability
of selection in wrestling to 99% and set a thresh-
old value of +20.

The presence of the power index in the table can
be explained by the specifics of wrestling. The
quality of a hold depends on the clinch. It is the
basis for the effective hold. This index is deter-
mined by the strength of the wrist and forearm
muscles. The power index shows the strength
level of these muscles. The value of the power
index of 50% or more indicates a high level of
wrist and forearm muscles development. The
results obtained coincide with the available
data [18, 25].

The Livy and Erisman indices allow estimating
the proportionality of the physique, the corre-
spondence of the main anthropometric indices
to each other, illustrating the development of the
muscle groups. Their analysis allows us to con-
clude that their increase due to the growth of the
muscular component of the somatotype is the
most optimal for wrestling. This is proved by the
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high value of prognostic selection coefficients.
Simultaneously, harmonious physical develop-
ment is more significant for the martial arts. This
is proved by the low values of prognostic selec-
tion coefficients.

The determination of the amplitude of move-
ments of the joints of the upper extremities is
conditioned by the specificity of sports. Martial
arts are characterized by striking, which requires
more range of motion. Victory in wrestling is
achieved by effectively executing holds. A hold
may be performed when there is an effective
clinch. Therefore, power index and range of
motion of the wrist joint are important predic-
tors of success in wrestling. In martial arts, the
hands are used to punch and to block. The move-
ments are performed at the elbow and shoulder
joints, and the importance of the wrist joints is
less. This decreased the prognostic coefficients
and informativeness. Less informativeness and

Podrihalo O et al. - Methods of predictive...

less value of coefficients in goniometric indices
of elbow and shoulder joints caused the refusal of
their use in the method of prognostic selection.
Probably, the goniometric indices of the joints of
the lower extremities would be promising indices.
This will be the task of further studies.

CONCLUSIONS

The conducted studies allowed developing
a method of prognostic selection in wrestling in
comparison with martial arts. The technique is
based on the Wald sequential analysis, includes
physical development and goniometric indices.
The most significant predictors of selection are
the indices of shoulder width, Erisman, and wrist
power index. Simplicity, informativeness, and
specificity of the used tests allow recommend-
ing this method for use in monitoring of the func-
tional state of martial arts athletes.
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