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ARTICLE INFO The fencing lunge is one of the most common and fundamental attacking
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moves in fencing. The aim of this study was to provide kinematical compare of
upper extremity among elite female and male senior fencers when performing
a lunge. Four female and four male members of Iran National Team were
selected as research sample. The participants were filmed when performing a
complete lunge with a camera of 300 Hz sampling rate to evaluate kinematical
parameters. The student's-t test revealed that elite male fencers had
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Extended Abstract

The assessment of performance and physical and physiological attributes in fencing
presents a complex challenge due to the intricate nature of their interrelationships.
According to fencing coaches, the speed at which fencers respond to their opponent's
maneuvers is crucial. The key is to execute the moves in a timely manner as a reaction
to the opponent's strategies. Reaction time (RT) in response to a specific stimulus is
another crucial factor in assessing performance effectiveness(1). The differentiating
factor of fencers lies in their reaction time compared to their movement time (MT), while
the execution of the technique with proper coordination holds significant importance.
Mastering the lunge technique is crucial in fencing, particularly in epee(2-4). It involves a
series of movements, starting with shoulder flexion and elbow extension of the weapon
hand, followed by dorsiflexion of the ankle and rapid extension of the knee in the front
leg. In the end, the extension movements of the thigh, knee, and rear ankle result in the
forward propulsion of the entire body(2). This method is employed to engage the rival,
strike them rapidly with utmost velocity, and finalize the motion by achieving a point(5-7).
The linear movement of the sword during the attack is influenced by the athlete's muscular
characteristics and the coordination of the upper and lower limb movements. The lunge
serves as a fundamental offensive mechanism, as evidenced by the significant number
of attacks executed during a match, which can vary between 66 and 210(8).

Numerous investigations have been conducted to examine the implementation and
biomechanics of the lunge technique. In a study conducted by Gresham-Fiegel and his
colleagues (2013), the impact of the rear leg position on the speed and power of the lunge
technique was examined. The researchers concluded that the vertical position of the rear
leg yields the highest levels of power and speed during the execution of the lunge(9).
Zappa and colleagues (1999) conducted a study examining the disparities in reaction time
among three fencing maneuvers: arm extension, lunge alone, and step with lunge. The
findings indicated that, across all participants, the arm extension stroke had the shortest

reaction time, while the step with lunge had the longest reaction time. The results also
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showed that RT is strongly correlated with task complexity(10). In their research, Williams
and Walmsley (2000) conducted a study on the reaction time (RT), movement time (MT),
total response time (RMT=RT+MT), and accuracy of both elite and novice fencers. Their
findings indicated that while elite fencers exhibited slower movement times, their quicker
reaction times led to significantly shorter overall response times. Furthermore, the elite
subjects demonstrated a higher level of coherent muscle cooperation and displayed more
consistent patterns of muscle coordination(11).

The correct and appropriate execution of the lunge technique is regarded as a valuable
skill in the sport of fencing. However, there is a scarcity of research conducted on this
particular skill from a biomechanical perspective. The review of the conducted research
demonstrates that no research similar to the present study has been conducted in the
country. Additionally, in the research conducted abroad, although male and female
subjects were included(2, 12, 13), none of them exclusively focused on the kinematic
comparison of the lunge technique between two groups of male and female elite
fencers(5). Consequently, recognizing the crucial role of this method in scoring points in
fencing, it is essential to explore this association among elite athletes in the country,
specifically by comparing the kinematics of the upper limbs of male and female elite
fencers during execution of the lunge technique.

In this semi-experimental study, a total of eight highly skilled epee fencers, consisting of
four women and four men, who were part of Iran's national adult team in 2013, were
recruited as participants. Following the completion of a personal profile questionnaire, the
subjects underwent testing on two distinct occasions at the National Olympic Academy.
The mean and standard deviation of the demographic characteristics of the participants

are presented in Table 1.

Table 1. The mean and standard deviation of the demoiraphic characteristics of the participants

Height (m) 1.71+0.038 1.84+0.064 1.7840.890

Weight (kg) 67.75+£8.3 80.75+£15.82 75.250+14.69

Age (years) 23+4.11 23.50+3.50 23.25+3.91
Experience (years of training) 8.25+4.5 8.25+2.37 8.25+3.69
Training load (hours per week) 9.8+4.58 13.54£5.19 11.68+4.93
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Before conducting the analysis of kinematic parameters, subjects were required to
complete a warm-up session following the standard preparation procedures commonly
practiced in fencing tournaments. After In order to calculate the kinematic mean values,
a total of 10 repetitions were carried out by each subject. Subsequently, the examiner
assessed each test based on the subject's feedback regarding satisfaction or
dissatisfaction with the execution. Following this, 3 random repetitions from the confirmed
trials of each subject were chosen for further analysis. The camera recorded the
movement of fencers in 2D at a sampling rate of 300 Hz, with 11 markers positioned on
key anatomical points such as the shoulder (Acromion), elbow (Lateral Epicondyle of
Humerus), wrist (Radial Styloid Process), thigh (greater trochanter), lumbar (L5-6), knee
(Lateral Epicondyle of Femur), ankle (external malleolus), and toe (Fifth Metatarsal
Phalangeal Joint) to capture kinematic data. Positioned perpendicular to the fencers'
movement plane (sagittal plane), the camera recorded the action.

The subjects' lunge execution was recorded on video, and quantitative motion analysis
software was utilized to extract the hand linear velocity, as well as shoulder and elbow
angular velocities, from the markers positioned on anatomical points. The raw data
underwent smoothing through the fourth order Butterworth algorithm with a frequency of
13.4 Hz. Reaction time was determined as the duration between the light stimulus
presentation and the initiation of hand movement, while movement time was calculated
as the duration between the response initiation and the completion of the movement. The
data gathered was analyzed through the use of descriptive statistics, including mean and
standard deviation. To assess the normality of the data, the Kolmogorov-Smirnov test
was employed. The independent t-test was then utilized to examine kinematic variances
in the performance of male and female elite athletes involved in the study, with statistical
significance level 0.05.

According to the independent t-test results, a notable distinction was observed in the
reaction time (t(21) = 3.55, p=0.002) and the movement time (1(21)=5.05, p=0.000,)
between Iranian adult male and female elite fencers during the execution of the lunge
technique. Male fencers demonstrate significantly shorter average reaction time (0.188)
and movement time (0.640) in executing the lunge technique, in contrast to female
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fencers whose reaction time (0.274) and movement time (0.798) are notably longer.
Additionally, it was revealed that there is no substantial difference in the maximum
angular velocity of the shoulder (1(21)=-1.19, p=0.246), maximum angular velocity of the
elbow (t(21)=-0.795, p=0.435), and the maximum horizontal hand velocity (t(21)=-1.19,
p=0.245 ) between Iranian adult male and female elite fencers when executing the lunge
technique. The results of the independent t test showed that there is no significant
difference between the time to reach the maximum angular velocity of shoulder (1(21)=
0.054, p=0.957), maximum angular velocity of elbow (1(21)= -0. 545, p=0.591) and the
maximum horizontal velocity of the hand (1(13.6)=1.30, p=0.213) of Iranian male and
female elite fencers in the implementation of lunge technique. The mean and standard
deviation of the research variables in two groups of male and female are presented in
Table 2.

Table2. mean and standard deviation of the research variables

reaction time 0.274+0.05 0.188+0.05
movement time 0.798+0.08 0.640+0.04
maximum shoulder angular velocity 532.4+1.08 603.5+1.72
Maximum elbow angular velocity 719.2+203.6 | 801.4+288.6
maximum hand horizontal velocity 2.374+0.17 2.48+0.22

Time to maximum angular velocity of the | 38.59+4.78 38.15+9.13
shoulder

Time to maximum angular velocity of the | 38.13+5.74 39.4249.39
elbow

Time to maximum horizontal velocity of hand 62.33+5.89 58.30+12.64

The results of the research showed that the reaction time and movement time of the elite
male fencers was significantly shorter than the female elite fencers. The results were
consistent with the results of the research carried out by Mero and Komi(14) and
Tonnessen and colleagues(15). The results of this study may be primarily linked to the
inherent gender variances in information processing speed and decision-making
speed(16). Since the reaction time improves through the proper training and high level of
experience, the differences shown in this study may be due to more training hours of male
fencers(17, 18).
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The current study's results revealed that male and female elite fencers demonstrated
similar maximum angular velocity of shoulder, maximum angular velocity of elbow, and
maximum horizontal velocity of wrist while executing the lunge technique. The results
were in line with the findings of the research carried out by Van Den Tillaar and Cabri(19)
and Frere and colleagues (20). The study reveals a likeness in kinematic parameters
observed in the execution of the lunge by both male and female elite fencers. As a result,
given the similar average age and experience (years of training) of the two groups
involved in this study, the explanation for this likeness can likely be rationalized by the
possibility that consistent training protocols in elite athletes could potentially minimize the
extent of gender variations in sports accomplishments. In general, it is widely accepted
that the technique of male and female skilled athletes is comparable. If elite athletes
execute a specific skill in the same manner, regardless of gender, the technique will
develop similarly over time(21).

The examination of the kinematic analysis of the upper body in male and female elite
fencers demonstrated that the dissimilarity in the execution speed of the lunge technique
between the two genders cannot be accounted for by kinematic changes in joint
movements. The differences highlighted in this study can serve as a basis for formulating
distinct training and coaching strategies, with the aim of better preparing athletes for
decision making and quick movements.

Key Words: Reaction time, Movement time, Angular velocity, Fencing lunge
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