Authors’ Contribution:

A Study Design

B Data Collection

C Statistical Analysis

D Manuscript Preparation
E Funds Collection

Background and Study Aim:

Material and Methods:

Results:

Bl ORIGINAL ARTICLE

Profiles of the ability to optimally use the limbs
muscle strength of combat sports athletes, racket
sports athletes and drummer as validation of the
accuracy of the recommended methods of measuring
this phenomenon

Artur Litwiniuk () 18P Tomasz Waldzinski () 22°€, Ewa Waldzinska () 28%,
Juris Grants (0 %8¢, Barttomiej Gasienica-Walczak () *AB°E

Faculty of Physical Education and Health, Biala Podlaska, Jozef Pilsudski University of Physical Education in Warsaw,
Warsaw, Poland

ZFaculty of Health Sciences, Lomza State University of Applied Science, Lomza, Poland
3Latvian Academy of Sport Education, Riga, Latvia
#Institute of Health Sciences, Podhale State College of Applied Sciences in Nowy Targ, Nowy Targ, Poland

Received: 19 November 2022; Accepted: 16 January 2023; Published online: 10 February 2023

AoBID: 15861

Abstract

The phenomenon of ability to optimally use the muscle strength (AOUMS) has not been explored in either
human motor science or other specialized sports science. The aim of this study is to find out whether athletes
and musician, who differ in many ways, but whose essence of motor activity is the use of the upper and low-
er extremities, differ in their individual AOUMS profile.

The eldest of the research subjects (age 59 years; 161 cm; 64 kg) is a combat sports and martial arts practi-
tioner and coach (aikido, boxing, judo, karate kyokushin, taekwondo ITF), with total 37 years of experience;
younger research subjects are: a tennis player and coach (49 years; 172 cm; 79 kg) 34 years of experience; ka-
rate athlete (22 years; 186 cm; 87.5 kg) 9 years of experience; box athlete (21 years; 175 cm; 78 kg) 4.5 years
of experience; table tennis player (20 years; 178 cm; 80.5 kg) 10 years of experience; drummer (19 years;
203 cm; 120 kg) almost 3 years of percussion play experience. The methods used were those recommended
by Kalina (2021): ‘diagnostic exercise systems.” Diagnosing of upper limbs AOUMS (quasi-apparatus version):
baseball throw (dominant hand first) in a relatively isolated posture (heels, buttocks and back pressed against
the wall), alternatively with eyes open and covered with goggles. Diagnosis of lower limb AOUMS (non-appa-
ratus version): long jump from standing posture. Identical patterns of force use in diagnosing upper and low-
er limbs were used (the first exercise with eyes open, the second exercise eyes covered) and then alternated:
50%, 25%, 75%, 50% , 35%, 85%. The series of six exercises ended with three trials with eyes open, each at
100% (the farthest throw/jump was the frame of reference for measuring the conformity of each score to the
model expressed in %). The subjects had no prior knowledge of the methods.

The young table tennis player showed the most accurate use of force (according to the model) - lower extrem-
ities: five times errors less than 3% and only once 7.14% (total 15.51%). A much older tennis expert twice less
than 3.5%, four times from 6.56 to 12.34% (total 43.5%). The hand profiles of dominant racket sports players
are similarly varied: table tennis player five errors less than 4 (once 8.83% with eyes open; total of 18.78%);
tennis expert twice less than 5%, four times from 14.57 to 22.03% (total 80.79%). The sum of combat sports
expert errors was: legs 32%:, dominant hand 37.5%, while drummer: legs 54.36%:, dominant hand 72.72%.
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Kinaesthetic differentiation
ability - is the total
coordination of motor abilities.
This ability allows for the
perception and control of body
movements.

Motor kinesthetic sensation
- ability to sense the position
and movement of our limbs
and trunk.

Proprioception - body ability
to sense movement, action,
and location. It's present in
every muscle movement.

Non-apparatus test - that
motoric test (exercise endurance
test) of the required reliability
(accurate and reliable), which
use does not require even the
simplest instruments [29].

Quasi-apparatus test - can
be conducted with simple
instruments (a stopwatch,

a ruler, a measuring tape,
etc.) [29].

Individual AOUMS profiles varied significantly with a clear representation of either the favourable impact of
years of practice (young table tennis player and combat sports expert results) or the low effectiveness when
trained too briefly (drummer profile). Innovative methods of measuring the AOUMS phenomenon meet the
criteria of relevance of the tools according to the purpose they are intended to serve. Although ‘diagnostic
exercise systems’ are not tests that could be subjected to a standardization procedure, however, used, ac-
cording to the author’s assumption, in a flexible manner, they can be widely applied in sports, military train-
ing, physical education or rehabilitation (a very good example of adapted physical activity).

kinaesthetic differentiation ability ¢ motor kinesthetic sensation e proprioception
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INTRODUCTION

The phenomenon of ability to optimally use the
muscle strength (AOUMS) has not been explored
in either human motor science or other special-
ized sports science. However, the phenomenon
so specifically named only broadens the percep-
tion of the possibility of measuring kinaesthetic
differentiation [e.g. 1-4]. The most important
issue in methodological terms is the way in which
the AOUMS phenomenon is studied in compar-
ison to existing methods of measuring kinaes-
thetic differentiation in a comprehensive rather
than selective approach.

Kalina’s [5, 6] proposals boil down to simple,
easy-to-use sets of exercises adapted sepa-
rately for the examination of lower limbs and
upper limbs, and, what is real, differing due to
the separate motor functions of the arms and
legs. Particularly cognitively important is the
possible variant of using open and covered eyes
alternately in the course of the experiment. An
important methodological element is also the use
of simple tools (sheets of paper) to control the
stability of the vertical posture of the examined
person in the case of measuring AOUMS upper
limbs, without the need to use complicated appa-
ratus. When throwing a baseball at a distance
resulting from the adopted model of using force
in relation to the perceived maximum force at
the time of the tests, these sheets of paper must
be pressed against the wall with the muscles

of the back and buttocks for the attempt to be
considered valid. Furthermore (again an impor-
tant methodological aspect), the measurement
of the maximum muscle strength of the tested
limb (limbs) is made with eyes open only during
three exercises that end a given set of exercises.

Kalina, however, did not make a complete assess-
ment of the accuracy of the proposed, more of
a method than specific tools for measuring
AOUMS. In general, he based the validation on
arguments regarding: criterion oriented valid-
ity - concurrent validity and predictive validity;
content validity; construct validity. However, he
put forward two hypotheses, whose positive ver-
ification would mean that the method and the
proposed tools for measuring the AOUMS phe-
nomenon (which can be created by the researcher
himself for the purpose of the specificity of the
analysed motor skills) would be the final proof of
the accuracy of these unique tools, enriching the
equally unique, new applied science - innovative
agonology [7, 8], which is related to many aspects
of also a new sub-discipline, namely the science
of martial arts [9-17].

Your hypotheses. H1: If the results of the mea-
surement of the phenomenon of the ability to
optimally use the muscle strength of people dif-
ferentiated in many respects (especially many
years of experience of specialized motor skills)
were very similar under conditions when the
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other evaluation circumstances are identical (the
same measurement model, due to the method
and tools used time of day, health condition of
the examined person, etc.), which means that
neither the method nor the tools (test, exercise,
set of exercises, etc.) meet the required validity.
H2: Any similarity discovered when measuring
the ability to optimally use the muscle strength
of people who differ in many respects, especially
long-term experience of specialized motor skills,
does not negate the accuracy of the method and
measurement tool used (if the condition of basing
the evaluation on these criteria has been met),
but it is indirect evidence of the existence of
a common neurophysiological factor that deter-
mines the stated state of affairs [5, 6].

The compilation of sets of exercises for lower and
upper limbs used in our validation studies, as one
coherent measurement system, is the closest to
the model of randomized research of the “power
precision” phenomenon of combat sports ath-
letes (n = 202 and control group n = 67 physical
education students) conducted by Stefaniak [4]
and based on highly specialized measuring equip-
ment. Among the remaining fundamental differ-
ences between the two research models is that
Stefaniak first determined the maximum values
of force (Fmax), then in various experimental condi-
tions (before warm-up, after warm-up, after train-
ing) the recovery of 50% of F_.. Stefaniak did not
distinguish between the dominant hand, only the
right and left. The best results were scored after
warm-up, the worst before physical effort. The
total of committed faults and diversity in preci-
sion between the limbs after training, especially
as far as the results before and after warm-up
are concerned may characterize the range of ath-
letes’ movements symmetry. The evaluation of
the results regarding dimorphism in the inter-
disciplinary approach, reveals that men manifest
a higher level of precision use of limb muscle
strength than the women. He also discovered
that the combat sports athletes of both sexes,
regardless of their sports levels, characterized by
of significantly greater this precision than those
who do not take martial arts [4].

The aim of this study is to find out whether ath-
letes and musician, who differ in many ways, but
whose essence of motor activity is the use of the
upper and lower extremities, differ in their indi-
vidual AOUMS profile.

Litwiniuk A et al. - Profiles of the ability to...

MATERIAL AND METHODS

Participants

The eldest of the research subjects (age 59 years;
161 cm; 64 kg) is a combat sports and martial
arts practitioner and coach (aikido, boxing, judo,
karate kyokushin, taekwondo ITF), with total
37 years of experience; younger research sub-
jects are: a tennis player and coach (49 years;
172 cm; 79 kg) 34 years of experience; karate
athlete (22 years; 186 cm; 87.5 kg) 9 years of
experience; box athlete (21 years; 175 cm;
78 kg) 4.5 years of experience; table tennis
player (20 years; 178 cm; 80.5 kg) 10 years of
experience; drummer (19 years; 203 cm; 120 kg)
almost 3 years of percussion play experience.

Study design

The methods used were those recommended by
Kalina [5, 6]: ‘diagnostic exercise systems’: model-
execution “2 x 160 UMS”, i.e. using 160% of mus-
cle strength in total, 6 with eyes open, 6 with
eyes covered (in total, alternately, 12 exercises).

Diagnosing of upper limbs AOUMS (quasi-appa-
ratus version): baseball throw (dominant hand
first) in a relatively isolated posture (heels, but-
tocks and back pressed against the wall), alterna-
tively with eyes open and covered with goggles.
The quality of isolated posture was controlled in
such a way that the tested subject had to press
4 sheets of paper against the wall with the mus-
cles of the back and buttocks. The attempt was
considered valid if the card or cards did not fall
during the throw of the ball. The throw distance
was determined using a measuring tape with an
accuracy of 1 cm [6].

Diagnosis of lower limb AOUMS (non-apparatus
version): long jump from standing posture. After
making a jump from the set line, the tested per-
son made a turn on the heel of the foot closer to
the starting line, and the measure of the distance
was the number of feet (if the last foot either
crossed the starting line or had no contact with
it, then the distance was subjectively estimated
with an accuracy of 0.1 of the length of that foot;
the result was saved, e.g. 6.4) Individual results
were recorded in the AOUMS test documenta-
tion cards recommended by Kalina [5].

Identical patterns of force use in diagnosing
upper and lower limbs were used (the first exer-
cise with eyes open, the second exercise eyes
covered) and then alternated: 50%, 25%, 75%,
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50%, 35%, 85%. The series of six exercises ended
with three trials with eyes open, each at 100%
(the farthest throw/jump was the frame of refer-
ence for measuring the conformity of each score
to the model expressed in %). The subjects had
no prior knowledge of the methods.

The ordinal variable and AOUMS profile
evaluation criteria

The ordinal variable when determining the rank-
ing positions (RP) of the subjects was always the
smaller value of the estimated error or the sum of
the errors of the analysed indicator (conformity
of the result to the model). The main ordinal vari-
able (sum of Index AOUMS) was the value of the
sum of Index AOUMS for lower limbs, dominant
hand and non-dominant hand.

The muscle strength indicator (UMS) in relation
to the model value is the proportion of exer-
cises whose error in relation to the model value
is not greater than 5% to the number of exer-
cises of a given diagnostic system. In the model
used, there are 12 of these exercises (6 for open
eyes and 6 for covered eyes). Index UMS for
12 exercises (in brackets for 6): very high 1 and
also 0.916 and 0.83 (1 and 0.83); high 0.75 and
0.667 (0.667); average 0.58, 0.50, 0.416 (0.50);
low 0.33 (0.33); very low 0.167 and 0.08 (0.167);
insufficient (0.00). The absolute compliance of
the performed exercises with the model or with
errors of less than one percent would mean an
outstanding level of AOUMS [5, 6].

RESULTS

The leader of the most general ranking of results
(sum of Index AOUMS) turned out to be the table
tennis player (81.5% of the sum of errors in rela-
tion to the model), while the tennis player closing
the list made these errors more than three times
more (203.24%). Representing racket sports
players differed in the profiles of the use of mus-
cle strength (UMS). The leader revealed a ten-
dency to overuse lower limbs muscle strength,
and a deficiency when using upper limbs muscle
strength. The profile of a tennis player is a tes-
timony to the overuse of the muscular strength
of all limbs, with almost three times more non-
dominant hand than lower limbs. A similar pro-
file was found only in the case of the boxer, but
with smaller disproportions of individual limbs.
The fact is that there is a separation between the
first and second positions of the Index AOUMS
for limbs among the respondents. Although the
sum of these indicators is the most favourable for
the boxer (2+1+4), the leader is the table tennis
player (1+2+5) due to the smaller sum of all mis-
takes made (Table 1).

The table tennis player is also the leader in the
ranking of the lower limbs UMS indicators with
the dominant hand indicators (Table 2).

Among combat sports athletes, the leader is the
boxer. AOUMS profiles of boxer and karate (last
RP in this group) athletes indicate a tendency
to use excessive muscle strength. Multi combat

Table 1. Ranking position (RP) of the surveyed people according to the ordinal variable: from the lowest total (sum) value of the

Index AOUMS.

Ranking position

Difference model-execution “2 x 160 UMS”

Person Index AOUMS for:
= sumofindex  theuse of musde ——

sum profile AOUMS strength (UMS) . . non dominan
Index limbs 9 lower limbs dominant hand hand

table tennis UMS quality modified
1 14245 player 81.05 by circumstances 8.57+ 18.17—- 54.31-
2 24+1+4 boxer 84.23 UMS excessive 22.64+ 10.34+ 51.25+

multi combat UMS quality modified _ _ _
3 AT sports athlete n.47 by circumstances 30+& 38.82 22.65+&
4 44343 karate athlete 111.95 UMS excessive 34.79+ 29.69+ 47.47+

UMS quality modified _

5 6+5+2 drummer 134.28 by circumstances 54.66+ 46.82+ 32.8+&
6 5+6+6 tennis player 203.24 UMS excessive 37.14+ 75.88+ 90.22+
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Table 2. Ranking position (RP) of the lower limbs UMS indicators with the dominant hand indicators.

Open eyes Cover eyes
RP below x% 50% over x% RP below x% 50% over x%
1 Table tennis Table tennis Table tennis 1 Table tennis Boxer Karate
2.14 +1.67 2.86+0.3 0.71+3.6 2.14+1.67 0.00+3.01 0.07 +3.48
) Karate Boxer Tennis ) Multi CS Table tennis Table tennis
3.36 +6.27 441 +6.37 1.62 +4.64 0.00 + 6.07 7.14+1.52 0.71+2.85
3 Boxer Karate Karate 3 Boxer Multi CS Tennis
471+6.03 7.53+7.94 4454421 2.94+4.52 5+4.6 3.18+2.46

sports athlete is the most labile in this regard.
The sum of combat sports athletes errors was:
legs 32%:, dominant hand 37.5%, while drummer:
legs 54.36%:, dominant hand 72.72% (Table 3).

The young table tennis player showed the most
accurate use of force (according to the model)
- lower extremities: five times errors less than
3% and only once 7.14% (total 15.51%) (Table 4).
A much older tennis expert twice less than 3.5%,
four times from 6.56 to 12.34% (total 43.5%).
The hand profiles of dominant racket sports
players are similarly varied: table tennis player

five errors less than 4 (once 8.83% with eyes
open; total of 18.78%); tennis expert twice less
than 5%, four times from 14.57 to 22.03% (total
80.79%) (Table 4).

The individual profiles of the tested athletes (Table
3 and 4) and the drummer (Table 5) positively ver-
ify both of Kalina's hypotheses. Therefore, they are
empirical evidence (also Figures 1 to 4) that the
method recommended by him, including unique
tools (exercises and set of exercises, as well as cri-
teria for evaluating the results) meet the expected
criteria of relevance.

Table 3. The results of combat sports athletes listed by ordinal variable: from the lowest total value of Index AOUMS (see Table 1).

Criteria for the use of force:

Eyes . o Difference
Body part standard podeianddifessnceslCohantEum model-execution :)\?ol:ﬁl\:les
&sum below x% 50% over x% sum 2% 160 UMS
Boxer: age 21 years, training experience years 4.5 (total value of Index AOUMS 84.23)
open 4.71%+ 4.41%+ 8.82+ 17.94+ 17.94+
very high (0.83 Index)
lower limbs covered 2.94%+ 0.0%* 1.76*+ 4. 7%+ 47+ AOUMS; tendency to
UMS abuse
sum 7.65+ 4.41%+ 10.58+ 22.64+ 22.64+
open 6.03+ 6.37+ 5.62— 18.02+&— 6.78+
average (0.50 Index)
dominant hand covered 4.52%+ 3.01*+ 3.97*%— 11.5+&— 3.56+ AOUMS; tendency to
UMS abuse
sum 10.55+ 9.38+ 9.59— 29.52+8&— 10.34+
open 13.05+ 16.92+ 8.38+ 3835+ 38.35+
low (0.33 Index)
non dominanthand  covered 4.72%+ 8.46+ 0.27%*%— 13.45+-&— 12.9+ AOUMS; tendency to
UMS abuse
sum 17.77+ 25.38+ 9.1+&— 52.25+&— 51.25+
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Criteria for the use of force:

Eyes . o Difference
Body part standard model and differences (%) and sum model-execution ﬁ?ol},",“:
&sum below x% 50% over x% sum 2160 UMS

Multi combat sports athlete: age 59 years, training experience years 37 (total value of Index AOUMS 91.47)

open 5%+ 10+ 0.00 15+ 15+
very high (0.83 Index)
lower limbs covered 0.00 5*— 10— 15— 15— AOUMS; tendency to
excessive UMS
sum 5%+ 15+&— 10— 30+&— 30+&—
open 0.33**+ 8.64— 11.55— 20.52+&— 19.85—
low (0.33 Index)
dominant hand covered 6.07— 4.6*+ 17.5— 28.17+&— 18.97— AOUMS; tendency to
UMS deficiency
sum 6.4+8&— 13.24+8&— 29.05— 48.69+&— 38.82—
*. *__ _
open 10+ 4.54%+ 2.15 16.69+& 12.4+ high (0.667 Inde)
non dominanthand covered 2.23%+ 2.69%— 9.79— 147148 10.25— ﬁOMUS'\ng"a“ty e
by circumstances
sum 12.23+ 7.23+8&— 11.94— 31.4+8— 22.65+&—

Karate athlete: age 22 years, training experience years 9 (total value of Index AOUMS 111.95)

open 3.36%+ 7.53+ 4.45%+ 15.34+ 15.34+
average (0.50 Index)
lower limbs covered 6.51+ 13.01+ 0.07%*— 19.59+8&— 19.45+ AOUMS; tendency to
UMS abuse
sum 9.87+ 20.54+ 4.52%+8&— 34.93+8&— 34.79+
open 6.27+ 7.94+ 4.21%+ 18.42+ 18.42+
low (0.33 Index)
dominant hand covered 6.21+ 8.55+ 3.48*— 18.24+8&— 11.27+ AOUMS; tendency to
UMS abuse
sum 12.48+ 16.49+ 7.69+8&— 36.66+8&— 29.69+
open 11.21+ 15.04+ 4.07*— 30.32+8&— 2218+
very low (0.167 Index)
non dominanthand  covered 6.5+ 13.28+ 551+ 25.29+ 25.29+ AOUMS; tendency to
UMS abuse
sum 17.71+ 2832+ 9.58+&— 55.614+&— 47.47+

Table 4. The results of racket sports players listed by ordinal variable: from the lowest total value of Index AOUMS (see Table 1).

Criteria for the use of force:

Eyes : o Difference
Body part standard model and differences (%) and sum model-execution ﬁ?,,uﬁ'\,":
&sum below x% 50% over x% sum 2160 UMS

Table tennis player: age 20 years, training experience years 10 (total value of Index AOUMS 81.05)

open 2.14*— 2.86%+ 0.71%*— 571 +&— 0.00
very high (0.83
lower limbs covered 2.14%+ 7.14+ 0.71%*— 9.99 +&— 8.57+ Index) AOUMS; slight
tendency to UMS abuse
sum 4.28%+&— 10.00+ 1.42%— 15.7 +&— 8.57+
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Criteria for the use of force:

Eyes . 0 Difference
Body part standard model and differences (%) and sum model-execution ﬁ?fﬁh:les
& sum below x% 50% overx% sum 2% 160 UMS
open 8.83— 0.3**+ 3.6%— 12.73+&— 12.13— .
very high (0.83
. . . - _ _ Index) AOUMS; slight
dominant hand covered 1.67* 1.52* 2.85* 6.04 6.04 tendency to UMS
deficienc
sum 105+48—  182%48— 645 1877+8— 18.17— Y
open 8.92— 9.8— 12.84— 31.56— 31.56—
very low (0.167 Index)
non dominanthand  covered 0.49*+ 7.25— 15.98— 23.72+&— 22.75— AOUMS; tendency to
UMS deficiency
sum 9.41+&— 17.05— 28.82— 55.284+8&— 54.31-

Tennis player: age 49 years, training experience years 34 (total value of Index AOUMS 203.24)

open 6.56+ 9.74+ 1.62*+ 17.92+ 17.92+
low (0.33 Index)
lower limbs covered 10.06+ 12.34+ 3.18%— 25.58+8&— 19.22+ AOUMS; tendency to
UMS abuse
sum 16.62+ 22.08+ 4.8%+&— 43.5+&— 37.14+
open 14.57+ 18.84+ 4.64*+ 38.05+ 38.05+
low (0.33 Index)
dominant hand covered 22.03+ 18.26+ 2.46*— 42.75+8&— 37.83+ AOUMS; tendency to
UMS abuse
sum 36.6+ 370+ 7.1+8&— 80.8+&— 75.88+
open 24.95+ 24.83+ 57+ 55.48+ 55.48+
very low (0.167 Index)
non dominanthand  covered 13.44+ 16.67+ 4.63%+ 34.74+ 34.74+ AOUMS; tendency to
UMS abuse
sum 38.39+ 41.5+ 10.33+ 90.22+ 90.22+
Table 5. The results of musician (drummer).
Eyes Criteria for the use of force: Difference
H 0
Body part standard metelandrifieisnessl N ian S model-execution AOUMS profile
&sum below x% 50% over x% sum 2% 160 UMS
Drummer: age 19 years, training experience years 3 (total value of Index AOUMS 134.28)
open 1833+ 4.67*+ 6.33+ 29.33+ 29.33+
very low (0.167 Index)
lower limbs covered 12.33+ 7.33+ 5.67+ 2533+ 2533+ AOUMS; tendency to
UMS abuse
sum 30.66+ 12.0+ 12.0+ 54.66+ 54.66+
open 1114+ 21.36+ 3.86%— 36.36+8&— 28.64+
very low (0.167 Index)
dominant hand covered 14.77+ 12.5+ 9.09— 36.36+&— 18.18+ AOUMS; tendency to
UMS abuse
sum 2591+ 33.86+ 12.95+8&— 72.72+8&— 46.82+
open 1.0%+ 3.2%— 17.0+ 21.2+8&— 14.8+
average (0.500 Index)
. AOUMS;
nondominanthand  covered 9.0+ 2.0%— 25.0— 36+8&— 18.0— UMS quality modified
by circumstances
sum 10.0+ 52— 42.0+&— 57.24+8&— 32.8+&—
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Figure 1. Profile AOUMS of box athlete.
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Figure 2. Profile AOUMS of table tennis player.
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Figure 3. Profile AOUMS of musician (drummer).
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Figure 4. Profile AOUMS of tennis player.

DISCUSSION

The research results provide a lot of evidence
that the proposed, original tool for diagnosing
a very important property of the human body,
i.e. AUOMS (the ability to optimally use muscle
strength), meets the methodological criteria for
the accuracy of diagnosing this phenomenon [5, é].
The author of the AUOMS concept clearly empha-
sised that he is not proposing a test that measures
the AUOMS phenomenon, but only puts forward
sets of exercises that, if certain methodological
criteria are met, can provide valuable informa-
tion about the ability to use the neurophysiologi-
cal potential of the human being in a wide range
of motor functioning (daily physical activity, reha-
bilitation, preventive kinesis, sport, music educa-
tion, military, rescue and police training, etc.). In
these circumstances, the classic test-retest proce-
dure (after all, sets of exercises are not tests) based
on the “test-retest” method loses its importance.
Therefore, the validation procedure had to be pri-
marily based on verifying on hypotheses put for-
ward by Kalina. In accordance with the custom of
respecting scientific correctness, the author of this
unique, innovative methodological proposal was
not involved in this validation procedure.

We included few athletes and only one musician
in our study, which may raise some concerns and
criticism. However, there are enough similarities
and especially enough diversity between them to
prove that, for the purposes of this validity pro-
cedure, the criteria for methodological correct-
ness have been met.

.35 .85 .100 .100 .100

dominant upper limb == == non-dominant upper limb

The element that connects all the examined peo-
ple is the use of both lower and upper limbs in
their specific motor activity. The first imposing
differentiating factors are the different propor-
tions of use of lower limbs relative to the upper
limbs by the drummer and by the athletes stud-
ied. In the racket sports group, the need to dif-
ferentiate the use of upper limbs (measured, e.g.,
by the number of steps taken during a match) is
determined by the difference in the size of the
tennis court or the size and specificity of table
tennis. However, the similarity may apply to the
number of actions performed with the dominant
hand by tennis and table tennis players.

In combat sports (in the case of the tests included
in the category of hitting the opponent), the dif-
ferentiating factor is another acceptable way of
using upper limbs during a sports fight (dispro-
portionately more often during training). A karate
athlete also uses lower limbs directly for offen-
sive and defensive actions. A boxer uses them for
preparatory activities only and when he defends
himself by jumping backwards or sideways.

Our research provides evidence that the impact
of all of the listed factors (apart from those
not mentioned) is to some extent mapped in
very different results between individuals as
well as in cases of high convergence of results
(and thus documented identity of adaptive
effects regardless of the differences in special-
ized motor activity or the great similarity of the
organic background of the compared individuals).
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Therefore, the suggestion of the author of the
concept of measuring the AUOMS phenome-
non to combine the analysis of indicators con-
cerning the lower limb UMS with dominant hand
indicators turned out to be accurate. The rank-
ing of the leaders of this compilation of results
based on 12 sub-indices (Table 1) provides evi-
dence that the results of high UMS compliance
with the model suggest a high neurophysiologi-
cal potential, rather than the impact of adaptive
factors (training, participation in sports compe-
titions, concert activity in the case of musicians,
etc.). The leader of this ranking, a table tennis
player, made a mistake below 5% eleven times
(so in 91.66% of the trials), but only once did
he make a slightly larger error (7.14% during the
50% UMS lower limbs trial). The boxer, second in
this ranking, made errors below 5% three times,
so he met the criterion of optimal use of muscle
strength (OUMS) in 75%.

We are by no means diminishing the impor-
tance of the training impact factor. The leader
of both separate rankings, i.e. the table ten-
nis player, is penultimate on the list of Index
AOUMS for non-dominant upper limbs. In his
sports motor activity, the main manipulations
are performed with the dominant hand, so there
are no grounds to claim that a very high level of
AUOMS found in him is mainly the effect of the
neurophysiological potential and other organic
components. It is also, to a large extent, the
effect of the modifying environmental impact.
This line of reasoning is confirmed by the results
obtained for the drummer. He is second to last
in the main ranking (Table 1). Moreover, he is
the only respondent who was not listed in the
ranking of the leaders of the combination of
UMS lower limbs results with dominant hand
indicators. However, the analysis of the UMS
non-dominant upper limbs phenomenon (based
on six different tasks, and therefore also on six
indicators) shows an average Index AOUMS
(0.50). The higher one (0.667) belongs only to
the multi combat sport athlete, i.e. the oldest
of the surveyed persons.

For example, the observation results quoted
above allow for many implications as well as many
important questions to be asked. Therefore, in
our opinion, they are sufficient presumptions to
recommend sets of exercises based on the meth-
odological findings of Kalina [5, 6] for the use of
current diagnostics of the AOUMS phenomenon

in each of the possible areas of human physical
activity - as long as there are no medical contra-
indications. The real diagnostic value of this cat-
egory of non-apparatus and/or quasi apparatus
(or compilation as in these studies), sets of exer-
cises will only be confirmed by comparing empir-
ical data with parallel research using high-quality
modern equipment.

Similar phenomena for mapping joint position
and feeling force (in active reproductive mode,
where study participants actively made joint
movement stopping at a point where they felt
they had reached the target position or recog-
nized the mapping of a remembered level of
strength, and passive reproductive, where joint
movement performed passively with a device
moving at a constant speed) are measured, for
example, using a Biodex System 4 Pro dyna-
mometer (Biodex Medical Systems, Inc. Shirley,
NY, USA). It is hypothesized that the reason
for the increased proprioceptive efficiency in
athletes may be the selection of people with
innate predispositions or the improvement of
motor control induced by training. It may include
peripheral changes (e.g. increased sensitivity of
muscle and tendon receptors) as well as central
changes (in terms of information processing and
facilitation) [18-22].

From the available results of research carried
out with the use of the identical model of sets
of exercises, but only based on measuring the
OUMS lower limbs, an identical non apparatus
version tool is the publication on the impact of
a week-long, intensive alpine skiing training of
physical education students on the AOUMS [23].
The leaders of this study, identified with Index
AOUMS for lower limbs 10.55+; 10.6+&-;
11.67+&-; 16.11+ are behind the leader of our
research (table tennis player: 8.57+). However,
they are significantly ahead of the second one
(boxer: 22.64+) in terms of quality. The student of
physical education with the Index AOUMS score
of 63.07- (closing the list) is clearly inferior to
the drummer we studied (54.66+). Only as a side
note, we emphasize that the effects of intensive
training in alpine skiing with the use of another
qusi-apparatus tool were previously measured
by Litwiniuk et al. [24] or by Gasieica-Walczk
et al. [25] in various phases of intense physical
effort, differing in content and motor experience
of athletes (professional ice hockey player and
amateur mountain biking).
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The only results of case studies concerning the
measurement of the AOUMS upper limbs phenom-
enon using identical quasi apparatus tools, but with
a different set of exercises model are available, as an
example, in the publication recommending this tool,
which is also a method of measuring, documenting
and interpreting the results [6]. The violin teacher,
with nearly fifty years of professional experience,
did not make a single error exceeding the 5% cri-
terion when performing individual tasks (exercises)
- the AOUMS index was therefore equal to 1.0.
In addition, she flawlessly controlled a stable body
posture, which means that during the exercises,
a sheet of paper pressed against the wall by the
muscles of the violinist’s back and buttocks never
fell out. Personality, experience [26] and postural
stability [27, 28] can make the difference when per-
formance this set of exercises.

In this study, we omitted two aspects of diagnos-
tics, which are an immanent part of the method,
whose most important elements, however, are
the models of sets of exercises and the unique
measurement formula (compilation of non appa-
ratus and quasi apparatus - about those unique
tools see more in Kalina and Jagietto 2018 [29]).
We did not measure heart rate (HR) or motiva-
tion on a scale of 1 to 10 before, during and after
sets of exercises, as recommended by the cre-
ator of the method of measuring AOUMS in gen-
eral and specific methods [5, 6]. We share the
view that the measurement of HR and motiva-
tion makes sense in circumstances where the
models described in this paper or similar will be
used either as a form of warm-up before a train-
ing session, therapy, etc. or in the course of
a given motor activity lasting at least 30 min-
utes, and especially longer. Regardless of respect-
ing the adopted assumption, we observed a high
level of involvement of all surveyed individu-
als and a growing interest in the results of the
measurements.

The above-quoted study of students after the
end of the alpine skiing course provides evidence
of the validity of such reasoning. The fourth-
ranked student before the alpine skiing course
Index AOUMS for lower limbs was 16.11+, and
under the influence of specific measures and new
motor experiences related to learning skiing, it
decreased to 5.72+&- (she became the leader
of the results at the end of the course) The

Litwiniuk A et al. - Profiles of the ability to...

phenomenon turned out to be bipolar: the leader
from before the course (10.55+) with the result
of alpine skiing 63.58+ moved to the penultimate
RP after the course. This, in a way, paradox of
results migration is not isolated and divides stu-
dents into two groups in this respect. However,
the researchers (as they clearly emphasize) did
not control other variables that could have such
a radical impact on the migration of results, so we
will not speculate, either. However, this is proof
of the high sensitivity of these original research
tools, and, therefore, they are useful in recording
the short-term influences of the internal (con-
cerning the human body) and external environ-
ment, in conditions of limited access to precise
diagnostic equipment.

CONCLUSIONS

Studying the AOUMS phenomenon in the pop-
ulation of athletes and instrumental musicians
has the advantage that in most cases it is easy
to define the range of motor activity of these
people. Also, the usefulness of these simple
tools in diagnosing lower and upper limbs in
these areas of human motor activity is not ques-
tioned. However, we see a wide application of
this method of measuring the AOUMS phenom-
enon, especially in preventive and therapeu-
tic practice, but also in clinical diagnostics, and
even as an element of self-assessment of one’s
own neurophysiological potential. In particular,
matching the results of clinical trials based on
the latest measurement technology may become
the best method of verifying the usefulness of
these simple tools, which do not require expen-
sive equipment, in the above-mentioned areas of
diagnostics. Precisely defining the motor activity
of people, even in popular professions (firefighter,
miner, driver, agricultural worker, policeman,
etc.) is not easy, unlike the simple possibility of
diagnosing AOUMS, i.e. the neurophysiologi-
cal potential in general terms. The found devi-
ations from the published results of repeated
models can be the basis for investigating the
causes. Therefore, we recommend the method
of measuring the AOUMS phenomenon as safe,
easy to use and available to virtually anyone who
can read with comprehension and is motivated
enough to use the available tools based on sci-
entific knowledge.
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