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Abstract

Introduction. The issue of asymmetry is becoming more and more widespread, causing considerable difficulties for
sportspersons. The aim of this study was to assess dynamic asymmetry of complex reaction time in female épée
fencers from different sports classes. Material and methods. Study participants comprised 45 female fencers divided
into 3 groups. The RT-S5 test of the Vienna Test System was used to record reaction time and motor time in response
to visual and audiovisual stimuli. Conclusions. The study found differences in complex reaction time between fencers
of different sports classes. Champion-class fencers showed a very high dynamic asymmetry. Considerable differences
in complex reaction time were found depending on the type of stimulus involved.
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Introduction

The issue of morphological and dynamic asymmetry is be-
coming more and more widespread in sports, causing consid-
erable difficulties for sports persons. These difficulties are often
overlooked or neglected by trainers. Unilateral training fre-
quently makes it impossible for the trainee to perform well in
sports. Contemporary sport involves physical strain that, com-
bined with an excessive number of asymmetrical exercises,
leads to numerous injuries, such as bone cysts, deformations of
joints and the spine, and increased cross-section of muscles [1].
Many athletes suffer from detrimental changes that fairly
quickly eliminate them from sport for ever. “Contemporary
competitive sport as well recreational sport must not deform, let
alone incapacitate” [2]. We frequently witness a premature end
to the careers of promising sportspersons, who at a young age
experience health problems resulting from an excess of asym-
metrical exercise. This study assesses the degree of dynamic
asymmetry based on complex reaction time.

In fencing, the ability to react quickly is a major factor in
determining performance. Experienced fencers recognize their
opponent's intentions by noting initiating actions, such as flex-
ing shoulder muscles or flexing the muscles of the supporting
leg. However, the more skilled the opponent, the better they are
at coordinating their own movements and the more difficult it is
to recognize their intentions and, consequently, to prepare for
defensive actions [3]. These factors depend primarily on the
fencer's experience, which is why fencers are very often most
successful at the ages of 25-35 years.

Simple reactions are predominant in the constantly chang-
ing conditions of a sports duel, but the complex reaction time
of fencers is becoming more and more important. According to

Czajkowski, “A whole plethora of excellent, world-class fencers
can be named whose movements were not particularly quick,
but whose reactions were extremely accurate” [4].

One should also consider differences in reaction time de-
pending on the type of stimulus involved. In addition to visual
stimuli, touch (“feeling the iron”) also plays a vital role in fenc-
ing; however, the importance of touch in fighting is unfortu-
nately decreasing, especially in épée fencing. This is caused by
a shift away from complex technique and towards speed-based
actions and simple actions, with limited “contact with the iron.”
Aural stimuli in conjunction with visual stimuli also play a cer-
tain role: for example, in elements of legwork such as jumping
forward to close the distance to the opponent or the rhythm of
steps [5].

The aim of this study was to assess dynamic asymmetry
in terms of complex reaction time in female épée fencers of
different sports classes.

Material and methods

Study participants comprised N=45 female épée fencers
divided into 3 groups (Tab. 1).

Group I comprised n=15 champion-class and international
champion-class fencers. These fencers, who are part of the pri-
mary representation of Poland, have won medals at Polish, Eu-
ropean, and World Championships.

Group II comprised n=15 fencers belonging to the first
sports class. These fencers were medal winners at the Polish
Championship and are part of the representation of Poland.

Group III comprised n=15 fencers belonging to the second
sports class, who are members of the Legia Warszawa sports club.
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All assessments were conducted during the competitive

phase of the mesocycle.

Table 1. Characteristics of the groups (X+=SD)

Index Group | (n=15) | Group Il (n=15) | Group lll (n=15)
Age [years] 21.9+3.5 18.1+2.3 15.5+1.3
Body height [cm] 176+6.6 173.7£5.7 168.3+5.3
Body weight [kg] 65.1+7.1 60.7+6.9 57.1+£6.5
Training intership [years] 11.5+3.6 7.8+2.2 3.4x1.1
Sports class Ch, ICh | Il

Key: Ch - champion sports class, ICh - international champion sports class,
I - first sports class, II - second sports class

The study was performed using the Vienna Test System
(VTS) that allows for the evaluation of physiological and motor
coordination abilities and for the neuropsychological predis-
positions that determine coordination of human movements
[6].

Complex reaction time was measured using the RT (Reac-
tion Time) test in the S5 form and a device that generated visual
stimuli (appearing on the monitor) and audiovisual stimuli.
The test lasted 10 minutes for each upper limb. To assess the
results, special software was used that measured individual
reaction times, which in turn were used to calculate reaction
time [ms] (the time between the stimulus appearing and the
participant releasing the “rest key”) and motor time [ms] (the
time between the participant releasing the “rest key” and press-
ing the “reaction key”). The measurement was performed using
the dominant and the non-dominant upper limbs.

Statistical analysis of the results was performed using the
STATISTICA software (StatSoft, Inc., 2001). The normality of
statistical distributions was assessed using the Shapiro-Wilk
test. Analysis of variance (ANOVA) was applied to compare re-
sults of measurements between the three groups. Statistical sig-
nificance was setat a = 0.05.

Results

The study found considerable differences between the three
groups in the mean values of measured indicators of the speed
of complex reaction, i.e., the complex reaction time and motor
time of the complex reaction obtained using the dominant and
the non-dominant upper limbs (Tab. 2).

Table 2. Values of indicators of complex reaction speed achieved
using the dominant and non-dominant upper limbs by fencers
of different sports classes (Xx+SD), N = 45

Index Group I (n=15) | Group Il (n=15) | Group Il (n=15)
CRT DL [ms] 391.1+£34.5 | 435.4+28.3 | 470.5+50.16
CRT NDL [ ms] 4247459 | 427.9+47.6 | 453.5+43.7
MTCR DL [ms] 94.9+14.1 94.3+26.1 106.3+35.7
MTCR NDL [ms] 107.9£19.1 | 104.1+£30.7 | 115.2+18.6

Key: CRT DL - complex reaction time of the dominant limb, CRT NDL - complex
reaction time of the non-dominant limb, MTCR DL - motor time of the complex
reaction of the dominant limb, MTCR NDL - motor time of the complex reaction

of the non-dominant limb.

The study found differences in the mean values of complex
reaction time of fencers in different sports classes. Significant
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differences in complex reaction time of the dominant limb were
noted between champion-class fencers and fencers of both the
first and second classes. Differences were also found between
groups II and III. These results signify a great role of complex
reaction time in achieving success in fencing (Tab. 3).

Table 4 presents significant differences in motor time of the
complex reaction using the dominant upper limb. These differ-
ences were found only between groups I and II. The values of
the complex reaction time of the non-dominant limb were sig-
nificantly different between group I and fencers of the second
sports class. Furthermore, the study found no significant differ-
ences in motor time of the non-dominant limb between fencers
of different sports classes.

Table 3. Differences between parameters of complex reaction time
using the dominant and non-dominant limbs in fencers of different
sports classes, N = 45

The study groups Group Il Group Il

* % * %

Group |
Group Il

Group Il a

* statistically lower compared to group II; dominant limb (p<0.03)
** statistically lower compared to group I; dominant limb (p<0.01)
a — statistically lower compared to group III; non-dominant limb (p<0.001)

Table 4. Differences in parameters of motor time of complex reaction
using the dominant and non-dominant limb between fencers
of different sports classes, N = 45

The study groups Group Il Group Il

Group |
Group Il
Group Il

* statistically lower compared to group I; dominant limb (p<0.03)
** statistically lower compared to group II; dominant limb (p<0.005)

Each group displayed considerable differences in dynamic
asymmetry of upper limbs. Differences in parameters of com-
plex reaction time using the dominant and non-dominant limb,
shown in Figure 1, confirm a considerable motor asymmetry
in fencers of the champion-class. On the other hand, fencers
in groups II and III showed no significant dynamic asymmetry
in terms of complex reaction time.

Values of motor time of the complex reaction using the
dominant and non-dominant limbs were significantly different
only in group I. This indicates a major dynamic asymmetry in
fencers of the champion class, which is probably the result of
long-term unilateral training. Other parameters of complex re-
action time using the dominant and non-dominant limbs were
not statistically different (Fig. 2).
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Figure 1. Mean (£SD) complex reaction time [ms] of the dominant
and non-dominant limbs in fencers of different sports classes

* statistically lower compared to the non-dominant limb (p<0.03)
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Figure 2. Mean (*=SD) complex reaction time [ms] of the dominant
and non-dominant limbs in fencers of different sports classes

* statistically lower compared to the non-dominant limb (p<0.03)

Assessing complex reaction time also requires analyzing the
number of incorrect and incomplete reactions. Measurements
using the RT-S5 test allowed us to register the number of incor-
rect, incomplete, and missing reactions to a given stimulus.
Whether a fencing duel or in the performed test, it is the appro-
priate reaction, not speed, which is crucial. A fencer will not be
able to even land a very quick strike if they fail to recognize their
opponent's true intentions.

Despite the fact that champion-class fencers have the quick-
est reactions, they also showed the smallest number of incorrect
reactions (0.43+0.65) when using their dominant limb, with no
missing or incomplete reactions.

Fencers in group IT also showed no incomplete reactions, but
had a small number of incorrect (0.53+0.92) and missing reac-
tions (0.13£0.52).

Fencers in group III showed the highest number of incorrect
(0.60%x1.12), incomplete (0.13%=0.52), and missing reactions
(0.33+0.72).

Champion-class fencers, despite a small number of incor-
rect reactions (the smallest number of all three groups), showed
avery good complex reaction time using the dominant limb.

Reactions performed using the non-dominant limb showed
similar results. Champion-class fencers had the shortest com-
plex reaction time, with the smallest number of incorrect reac-
tions (0.27=0.46) and no missing reactions.

Fencers of the first sports class showed no incomplete re-
actions, but had some missing (0.13+0.35) and incorrect reac-
tions (0.47+0.99).

Fencers in group Il had a longer complex reaction time, with
0.60+0.82 missing reactions, 0.13+0.36 incomplete reactions,
and 0.47%0.99 incorrect reactions. Differences in values of
complex reaction time were found when the type of stimulus
was considered. Study participants reacted the fastest to audio-
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visual stimulus. Significant differences (p<0.05) in complex re-
action time in response to audiovisual and visual stimuli using
the dominant limb were found in all three groups. Even greater
(p<0.001) differences in these parameters were found for the
non-dominant hand (p<0.0001).

Discussion

Coordination abilities play a key role in achieving high
performance in sports [7, 8]. Researchers agree that reaction
time is important for sportspersons engaging in fighting sports
if they are to be successful [9, 10]. Many studies on reaction time
in various sports disciplines were based on its two indicators:
motor time and choice reaction time. These indicators were
treated as the main source of information when assessing speed
abilities [11, 12, 13]. Studies were also conducted on lateral dif-
ferences in reaction time. Studies on dynamic asymmetry most
often used very simple tests that measured limb strength [14].

Measuring reaction time and motor time separately is im-
portant in practical terms, as it helps determine time-based
connections between constituents of information processes
when assessing individual abilities of fencers of different sports
classes. Inexperienced fencers react differently than experi-
enced fencers. The former analyze information in the sensory
phase much longer than the latter, compensating for the pro-
longed central phase by quickly performing the movement
itself. On the other hand, champion fencers, drawing from their
experience, significantly shorten their decision-making time by
using their anticipatory abilities [15].

The results of this study indicate that a significant differ-
ence occurs already between female fencers of the champion
sports class and of the first sports class. Fencers with greater
training experience displayed a shorter reaction time. However,
the group showed a considerable dynamic asymmetry that
could impede future development of this coordination ability.

Similar to research done by Borysiuk [16] on sportspersons
engaged in taekwondo, karate and fencing, the obtained results
indicate a significant change in the relationship between reac-
tion time and motor time. We have concluded that reaction time
can be significantly shortened, whereas motor time remains at
similar levels. This fact unambiguously indicates that trainers
of fighting sports should introduce changes to the training cur-
riculum.

Study results show that fencers very often achieve better
complex reaction time when they use their non-dominant up-
per limb, as was the case in groups I and III. The best complex
reaction time was achieved by left-handed fencers. Assessment
of champion-class fencers found that training experience and
a narrow specialization contribute to achieving a shorter com-
plexreaction time.

Fencing trainers often point to laterality as an important fac-
tor in achieving high performance [17]. Initially, the unusual
character of a duel against a left-handed fencer or a lack of in-
dividual training with a left-handed trainer plays a major role.
Other studies indicate that better performance by left-handed
fencers can be the result of their shorter reaction time [18].

Jefimow and Kurpijanow reached a similar conclusion after
assessing 60 persons aged 16-18 years who trained fighting
sports [19]. The authors showed that left-handed sportspersons
are quicker than right-handed sportspersons and that the qual-
ity of technique improves with the increase in motor symmetry.

This study found a significant difference in complex reac-
tion time between group I and groups II and 111, as well as be-
tween group II and group III. These results show that complex
reaction time plays a very important role in achieving high per-
formance in fencing. Significant differences in mean motor time
were only found between groups I and III.
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Klapp showed that reaction time is not always the same and
that the complexity of movement in choice reaction does not
necessarily prolong the latency phase [20].

Fencers employ different actions depending on the simple
and complex reaction time. For instance, a fencer with a very
quick simple reaction employs considerably more actions based
around the reception of a particular stimulus, such as a simple
fleche. Such actions pose a smaller risk and are used more and
more often in épée fencing. Conversely, fencers with good reac-
tions choose to employ many more complex actions that do not
provide obvious clues to the fencer's intentions and which they
frequently change throughout the duel. Such actions are ex-
tremely difficult to perform and their effectiveness depends not
only on the fencer's technique and complex reaction, but also on
the opponent's reaction. Experienced fencers recognize their
opponent's intentions by noting initiating actions. Because they
are well trained, they display optimal alertness, focus, and an
extraordinary accuracy of response to the opponent's actions.
Other researchers [21] have reached similar conclusions, stat-
ing that fencers with a extensive training experience shorten
decision-making time by incorporating anticipatory factors.
On the other hand, less experienced fencers process informa-
tion in the sensory phase. This takes more time. This thesis is
also supported by the results of this study. Champion-class
fencers, despite not having trained with their non-dominant
limb, performed better in terms of complex reaction time than
fencers of the first sports class who used their dominant hand.
Champion-class fencers showed a very high dynamic asym-
metry despite their excellent results in the test involving the
non-dominant arm.

The study found differences in complex reaction time de-
pending on the type of stimulus involved. The three groups
showed significant differences in complex reaction time in re-
sponse to audiovisual and visual stimuli, both for the dominant
and the non-dominant limb.

These results are consistent with the findings of Kandel,
Shwarz and Jessel [22], who claim that reaction time in re-
sponse to tactile and aural stimuli is the shortest, which is due
to a quick processing of information by aural receptors and
arapid relaying of the afferent impulse to the brain.

Borysiuk reached a similar conclusion after performing
a study with athletes engaged in fighting sports. He stated that
the athletes react much faster to aural and tactile stimuli than
to visual stimuli [5].

The results of this study may contribute to a modification
to the planning and scheduling of fencing training on all stages
that would incorporate the complex reaction time of the fencers.

Conclusions

1. Fencers of different sports classes display differences
in complex reaction time. Fencers of a higher class had
a shorter complex reaction time.

2. Champion-class fencers show a high dynamic asymme-
try of the upper limbs in terms of complex reaction
compared to less experienced fencers.

3. Significant differences were found in complex reaction
time depending on the type of stimulus involved.
Fencers react the fastest to audio-visual stimuli.
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